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Abstract
Diaz, David D.; Charnley, Susan; Gosnell, Hannah. 2009. Engaging western 

landowners in climate change mitigation: a guide to carbon-oriented forest and 
range management and carbon market opportunities. Gen. Tech. Rep. PNW-
GTR-801. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific 
Northwest Research Station. 81 p.

There are opportunities for forest owners and ranchers to participate in emerging 
carbon markets and contribute to climate change mitigation through carbon-
oriented forest and range management activities. These activities often promote 
sustainable forestry and ranching and broader conservation goals while having 
the potential to provide a new income stream for landowners. We describe current 
carbon market opportunities for landowners, discuss common steps they must 
typically undergo to take advantage of these opportunities, and address related 
questions. We also provide a synthesis of the existing scientific literature on how 
different forest and range management practices are thought to contribute to 
carbon sequestration, including current debates on this topic. The science regarding 
forestry and carbon sequestration is more advanced and less controversial than that 
for range management, and more opportunities exist for forest owners to participate 
in carbon markets than for ranchers. We describe some of the challenges of includ-
ing landowners in carbon markets, and issues that will likely need to be addressed 
to develop relevant policy.

Keywords: Climate change, forest owners, ranchers, land management, carbon 
sequestration, carbon markets, United States.
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Executive Summary
Countries around the world are seeking ways to reduce their emissions of 
greenhouse gases and greenhouse gas concentrations in the atmosphere to avoid 
significant and potentially catastrophic environmental change. Forest and range 
management for carbon sequestration are low-cost, low-technology, relatively easy 
ways to enhance carbon sequestration and can help mitigate climate change now 
while additional long-term solutions are developed. Carbon-oriented management 
of forests and rangelands also offers landowners an opportunity to obtain a new 
source of income, and commonly has broader ecological and social co-benefits. 
Interest in emerging carbon markets among landowners and others is growing 
in the United States. One analysis of the potential for forest and agricultural land 
management to contribute to climate change mitigation suggests that with greater 
financial incentives, the carbon sequestration achieved in these lands could be 
scaled up to offset as much as 30 percent of U.S. emissions for two to three decades. 
Consequently, many of the policies being developed to reduce greenhouse gas emis-
sions over the next century include opportunities for landowners to be compensated 
for managing their lands in ways that sequester carbon to offset the emission of 
these gases by others. 

This paper provides an overview of current and emerging opportunities for 
forest owners and ranchers in the Western United States to contribute to climate 
change mitigation. Our focus is on land use, land use change, and forestry; we do 
not address in detail options such as renewable energy generation using biomass 
or indirect emissions abatement strategies such as substitution of wood products 
for other building materials. Our purpose is to provide organizations that work 
with landowners in the American West, natural resource managers, policymakers, 
and other interested parties, some of the basic information needed to understand 
and navigate the emerging opportunities for forestry and ranching to contribute to 
climate change mitigation strategies, and specifically, to facilitate landowner access 
to emerging carbon markets through land management that sequesters carbon 
in plants and soil. We focus on carbon markets because, as of this writing, there 
are few nonmarket opportunities that reward landowners specifically for carbon-
oriented management in the United States. 

This paper concludes with a discussion of what landowners can expect when 
pursuing market opportunities, and addresses frequently asked questions. The 
policy and market context for forestry and range offsets in the United States is 
shifting rapidly; our information is current as of October 2009. Following is a 
summary of some of the key information contained in this document.
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The Policy and Market Context
As of this writing, there is no comprehensive federal mandate for reducing green-
house gas emissions in the United States. More than 10 cap-and-trade bills have 
been proposed by members of Congress. Only one of these bills has passed through 
the U.S. House of Representatives (the American Clean Energy and Security Act) 
and none have yet passed the Senate. In September 2009, a new bill (the Clean 
Energy Jobs and American Power Act) was introduced to the Senate that builds on 
the House bill and lays the groundwork for negotiation. The Senate bill states that 
forestry and range projects should be considered as a source of carbon offsets in any 
national cap-and-trade system. In the absence of federal mandates, most greenhouse 
gas regulation in the United States to date has been pursued through the actions of 
individual states and through the formation of regional agreements between groups 
of states. 

There are two major types of carbon markets: compliance markets and vol-
untary markets. Compliance markets are based on government regulations that 
mandate emissions reductions from particular industries or polluters. The most 
common approach to creating a compliance market is to implement a cap-and-trade 
system. Voluntary carbon markets occur in the absence of, or alongside, govern-
ment mandates to control emissions, and participation is purely voluntary. Today 
the only compliance market that operates in the United States is the cap-and-trade 
system associated with the Regional Greenhouse Gas Initiative. Only landowners 
who reside in the 10 Eastern States that are party to the initiative are eligible to 
participate in this market as offsetters. Elsewhere, many companies and individuals 
are pursuing voluntary greenhouse gas emissions reductions by participating in 
voluntary carbon markets. In the United States, there are two kinds of voluntary 
carbon markets: the Chicago Climate Exchange (CCX), and over-the-counter (OTC) 
transactions. 

To ensure the integrity and reliability of carbon markets, a number of standards, 
rules, and institutions have been established to help demonstrate that a forest or 
range management activity truly increases carbon sequestration and provides real, 
measurable, offsets over time. A number of entities have developed carbon offset 
standards for forestry, and to a lesser extent, rangeland management in the United 
States. Each standard commonly includes several protocols describing the permis-
sible types of activities and the specific requirements associated with the standard. 
Landowners wishing to participate in a carbon market must decide which standard 
to adopt and comply with. In general, compliance markets and the CCX have set 
standards, whereas credits traded in OTC markets may comply with a range of dif-
ferent standards or none at all. Credits verified to a well-known third-party standard 



iv

usually transact at higher prices, meaning it may be cost-effective for landowners to 
undergo the process of verification and registration. Compliance with a more rigor-
ous standard is not a guarantee that the price for the resulting offset credits will be 
higher, however. Registries are another key component of a viable carbon market 
because they provide a transparent and reliable way of tracking the sale and use 
of pollution allowances and carbon credits to prevent fraud and double counting. 
Registries also have standards for participation that must be rigorous and transpar-
ent to be credible. 

Landowners who wish to participate in a carbon market must typically develop 
an offset project plan, undergo verification of offset activities by an independent 
third party, and obtain certification that their land is being managed in a sustain-
able manner before the project can be placed on a registry and carbon offset credits 
issued. Once credits have been issued and registered, they may be sold through 
existing exchange platforms with transparent prices, or they may be sold in OTC 
transactions to other buyers through private agreements. Offset credit prices in 
OTC transactions have generally been higher than those from the Chicago Climate 
Exchange.

Forest and Range Management for Carbon Sequestration
Landowners who are interested in participating in carbon markets can benefit from 
understanding the science behind forest and range management practices that help 
sequester carbon. It is also important that landowners understand which practices 
are recognized as qualifying carbon offset activities in existing markets and regis-
tries. Forest carbon projects are primarily concerned with carbon storage in trees 
and wood products, whereas rangeland carbon projects focus on carbon storage in 
soils. The current body of research into how forests—and trees in particular—cycle 
carbon is broader and more robust than the research pertaining to rangeland carbon 
cycling, and the evaluation of offsets from soil carbon is somewhat more conten-
tious than from other carbon pools such as live plant biomass. 

Most forestry offset standards in the United States are outcome-based, relying 
on carbon inventories to measure changes in forest carbon over time. Consequently, 
landowners have the leeway to choose the forest management practices that are 
best suited to their circumstances. Offsets from three general categories of forest 
management are eligible in U.S. carbon markets: afforestation and reforestation, 
avoided deforestation, and improved forest management. Afforestation is the term 
used for the establishment of forests on land that has not been forested for a long 
time, or never was (e.g., agricultural land). Reforestation involves reestablishing 
forests on land where forests were recently removed or destroyed (e.g. land severely 
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affected by forest fire). Planting new forests is a relatively straightforward way to 
sequester carbon and is the simplest carbon sequestration activity to account for in 
forest carbon offset programs. 

Deforestation occurs when forested landscapes are converted to other land uses 
(e.g., agriculture, development). It typically involves a dramatic release of carbon to 
the atmosphere, even if wood products are produced in the process. Unsustainable 
timber harvesting can also lead to deforestation and forest degradation. Although 
forest clearing and land conversion represent a straightforward loss of carbon, the 
methods used to estimate carbon losses that could be avoided by preventing them 
are complicated and contentious. Thus, a major barrier to accepting avoided defor-
estation offset projects in the United States has been the difficulty of estimating 
reliably the real threat of future forest conversion in specific places. Another barrier 
is the risk of leakage—when the carbon sequestration or emissions reductions 
achieved by offsetting activities result in increased carbon emissions in another 
form or location. The challenges presented by quantifying and verifying offsets 
from avoided deforestation may largely account for its limited use as a source of 
offsets to date. 

Several forest management practices can increase carbon sequestration and 
storage in forests through improved forest management. These include extending 
harvest rotation intervals, partial harvest and reduced utilization practices, and 
reducing dead biomass removal from forests. Fertilization may provide an oppor-
tunity for net carbon gains, but the overall carbon balance may vary dramatically 
between forests. Although more research is emerging on the issue, wildfire mitiga-
tion treatments such as thinning and prescribed burning appear unlikely to present 
clear carbon benefits.

The science is inconclusive about how range management practices such 
as rotational versus continuous grazing, low versus high stocking rates, erosion 
control, invasive species control, and adding organic amendments to soil affect 
carbon sequestration and storage. However, revegetating bare ground and employ-
ing sustainable grazing practices that maximize plant productivity over time can 
potentially lead to higher inputs of carbon to soils, and increase carbon storage over 
time. Allowing woody encroachment can also lead to net carbon gains in some 
circumstances, although these gains may place stored carbon at higher risk to wild-
fire loss. Range management practices unlikely to have net carbon benefits include 
the use of prescribed fire and irrigation. Nitrogen additions (synthetic or through 
nitrogen-fixing plants) currently appear to provide no clear carbon benefits.

All of the offset standards and trading programs that exist in the United States 
today allow afforestation and reforestation projects. Most allow improved forest 
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management projects, and about half allow avoided deforestation projects. In 
contrast, only a few allow offsets from rangeland management. Offset standards 
for rangeland management commonly require landowners to follow specific 
management practices believed to increase carbon sequestration that are outlined by 
the relevant protocols.

We conclude by providing guidance to landowners regarding which offset 
program they might choose depending on the characteristics of their properties, 
land use restrictions they may encounter, how managing for carbon might affect 
timber-oriented management goals, the timing and sale of carbon credits, the costs 
of market participation, and other benefits and opportunities associated with man-
aging for carbon. We hope it provides timely and informative coverage of many of 
the issues and opportunities western landowners may encounter when considering 
managing their forests and rangelands for climate change mitigation. 

Acronyms
AFOLU  agriculture, forestry and other land uses
CCB  climate, community and biodiversity (standard)
CO2 carbon dioxide
EPA Environmental Protection Agency
GHG greenhouse gas
LULUCF  land-use, land-use change and forestry
NRCS Natural Resource Conservation Service
OTC over the counter
REDD reduced emissions from deforestation and forest degradation 
t CO2e  metric tonnes of carbon dioxide equivalent
UNFCCC United Nations Framework Convention on Climate Change
VCS  Voluntary Carbon Standard

Relevant Emissions Trading Schemes and  
Components for the United States:
CAR Climate Action Reserve 
CCAR  California Climate Action Registry 
CCX  Chicago Climate Exchange 
CDM Clean Development Mechanism
JI Joint Implementation
MGGA  Midwestern Greenhouse Gas Accord 
RGGI Regional Greenhouse Gas Initiative
WCI  Western Climate Initiative
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Introduction

“A viable carbon offsets market—one that rewards farmers, ranchers and 
forest landowners for stewardship activities—has the potential to play a 
very important role in helping America address climate change while also 
providing a possible new source of revenue for landowners.”

—U.S. Secretary of Agriculture Tom Vilsack1

The scientific consensus surrounding the relation between greenhouse gas2 (GHG) 
emissions and global climate change has indicated a clear need for countries around 
the world to find new ways to reduce their emissions of these gases and their 
concentrations in the atmosphere to avoid significant and potentially catastrophic 
environmental changes. Land management for carbon sequestration is one of 
many opportunities available to countries seeking to reduce their net emissions of 
GHGs. 

The purpose of this booklet is to provide organizations that work with land-
owners in the American West, natural resource managers, policymakers, and 
other interested parties, some of the basic information needed to understand and 
navigate the emerging opportunities for forestry and ranching to contribute to 
climate change mitigation strategies, and specifically, to facilitate landowner access 
to emerging carbon markets through land management that sequesters carbon in 
plants and soil. We focus on carbon markets because, as of this writing, there are 
few nonmarket opportunities that reward landowners specifically for carbon-
oriented management in the United States. Our geographic focus is the Western 
United States.

Carbon-oriented management of forests and rangelands may offer landowners 
the opportunity to obtain a new source of income while simultaneously helping 
to mitigate climate change. Many of the policies being developed to reduce GHG 
emissions over the next century through regional, national, and international agree-
ments are being pursued using market-based mechanisms. These policies often 
include opportunities for landowners to be compensated for managing their lands 
in ways that sequester carbon and thereby offset the emission of GHGs by others. 
Carbon-oriented management practices not only offer landowners the opportunity 
for financial gains, but also commonly have broader ecological benefits such as 
enhancing wildlife habitat, improving soil quality, increasing water storage and 
filtration, and conserving biodiversity. Fifty-six percent of the forest lands in the 

1 From a subscription Web site http://www.eenews.net/climatewire/2009/06/12/1.
2 Words in boldfaced type are defined in the “Glossary” at the end of this document.
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United States are privately owned, and 35 percent are under nonindustrial private 
forest ownership (Butler 2008); 61 percent of the rangelands are privately owned 
(Lubowski et al. 2006). Engaging these landowners in carbon-oriented management 
can contribute to global climate change mitigation. For landowners to participate, 
however, it is important that they be provided the necessary information to do so. 
Landowner participation will also be encouraged where these opportunities involve 
financial rewards that can help prevent the conversion of forests and rangelands to 
developed uses or compensate for the opportunity costs associated with shifting 
away from non-carbon-oriented management. 

Carbon-oriented forestry and ranching provide low-cost, low-tech, relatively 
easy ways to enhance carbon sequestration relative to other options. These opportu-
nities can contribute to climate change mitigation now while additional, longer term 
solutions to climate change mitigation are developed. The management of forest and 
range environments for carbon sequestration may also promote a variety of social 
and environmental benefits (commonly referred to as co-benefits) that other climate 
change mitigation strategies do not typically include. 

The potential to simultaneously improve environmental conditions and obtain 
financial benefits has generated significant interest in emerging carbon markets 
from landowners and others. Together, forests and farmlands sequester a volume of 
carbon every year equivalent to 10 to 12 percent of all annual U.S. GHG emissions 
(Murray et al. 2005, Woodbury et al. 2007). With greater financial incentives that 
could come with a regulated market including offsets, the carbon sequestration 
achieved in these lands could be scaled up to offset as much as 30 percent of U.S. 
emissions for two to three decades (Murray et al. 2005). The financial up side to 
many of these practices is that they offer opportunities to reduce or offset emissions 
often at a lower cost than many other strategies currently available (e.g., Enkvist  
et al. 2007).

This document provides an overview of carbon-related opportunities for land-
owners, along with some of the concepts and challenges that may be encountered 
when managing forests or rangelands for carbon sequestration and compensation 
through carbon markets. Our discussion focuses on offset opportunities associated 
with forest and range management (commonly referred to along with other agri-
cultural land uses as land use, land-use change, and forestry or LULUCF); we say 
little about opportunities associated with farming and renewable energy using  
biomass fuels. Although many of the specific laws, policies, and programs 
pertaining to carbon markets in the United States are currently being developed 
and revised, they share common principles and elements that are discussed here. 
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Although we have made an effort to focus on the major elements of various 
emerging market opportunities that are less likely to change, these elements as 
well as many specific details of each program discussed may change in the near 
future. The details and general elements discussed for each program in this docu-
ment are current as of December 2009. 

This document has several sections. First, we give a brief overview of the 
science of climate change and the global carbon cycle to provide background 
for later sections. This background discussion is followed by a review of current 
U.S. government regulations and policies that have been developed to address 
global climate change. Next, we give an introduction to carbon markets in the 
United States and current opportunities for landowners to participate in them 
through forestry and range offset projects. We then provide a synthesis of 
scientific research about how different forest and range management practices 
that landowners could potentially adopt affect carbon uptake and prevent carbon 
release from forests and rangelands, and the potential for forest and range 
management to increase carbon sequestration. We conclude with a discussion 
of what landowners can expect when pursuing offset opportunities, and address 
frequently asked questions. We also include a brief list of resources available for 
further information on the topics covered in this document. 

The Carbon Cycle
The global carbon cycle plays an important role in the science of climate change. 
A basic familiarity with this cycle and how it operates can help increase under-
standing of why carbon markets are currently being pursued to combat climate 
change.

On time scales ranging from seconds to centuries, carbon is exchanged 
between the atmosphere and the surface of the Earth (see fig. 1). Carbon enters 
terrestrial environments through the process of photosynthesis, in which plants 
harness energy from sunlight and convert atmospheric carbon dioxide (CO2 ) into 
useful plant compounds that allow these ecosystems to grow and thrive. Carbon 
can be stored over long periods in a variety of places, or pools, within an ecosys-
tem—including plant tissues such as live wood, woody debris, and soil. Carbon 
enters soils through the addition of plant materials above ground (litterfall) and 
below ground through root activities, death, and decomposition. Carbon usually 
transforms and moves between different pools and is eventually released back to 
the atmosphere. Carbon leaves terrestrial ecosystems primarily through plant res-
piration and the decay of dead plant and soil matter, returning to the atmosphere 
as CO2. 
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A growing body of scientific research is improving our understanding of the 
specific mechanisms that govern how the natural environment captures carbon  
from the atmosphere and how it releases it back to the atmosphere over time. One 
thing is clear: the forests and rangelands of the world contain a significant propor-
tion of the total carbon stored in the world’s terrestrial environments, and large-
scale changes in the carbon balance of these ecosystems can affect atmospheric 
GHG concentrations and climate change for the entire planet. Earth’s terrestrial 
ecosystems contain more than three times as much carbon in plants and soils than  
is currently found in the atmosphere, and about half of this carbon is stored in  
forest ecosystems (IPCC 2007).

The basic biological processes that increase carbon uptake and storage in 
forests and rangelands involve enhancing plant growth, minimizing plant and  
soil respiration, and preserving biologically stored carbon in plants and soils.  

Figure 1—This diagram portrays the major pools and fluxes in the Earth’s carbon cycle, as estimated 
in 2004. The numbers next to words indicate the amount of carbon stored in each pool in billions of 
metric tonnes (or gigatonnes, GtC). The numbers next to arrows show much carbon moves between 
each of these pools every year. The movement of carbon into plants and soils each year roughly 
equals the amount of carbon returned to the atmosphere. Carbon sequestration entails managing 
forests and rangelands to increase carbon uptake and reduce carbon releases from plants and soils  
to increase the total amount of carbon stored in them, and to reduce the amount in the atmosphere. 
Source: NASA, http://earthobservatory.nasa.gov/Features/CarbonCycle/carbon_cycle4.php.The basic biological 
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The primary control on the carbon balance in terrestrial environments is the 
disturbance regime that governs the release of carbon from plants and soils and 
initiates a new cycle of ecosystem recovery (Chapin et al. 2002). The loss of 
carbon from plants occurs through plant breakdown and decomposition following 
disturbances such as fire, windthrow, pest and pathogen infections, water shortages, 
and mechanical disturbances such as tree harvesting and removal. Significant 
disturbances may expose litter and soils in these environments to increased levels 
of decay and decomposition, which can represent a significant loss of carbon 
from an ecosystem. Apart from the natural decomposition of soil organic matter, 
carbon in intact soil may be exposed and lost through mechanical disturbances 
such as plowing, or moved offsite through erosion. Following disturbance, it can 
take decades for carbon storage in forest and rangeland environments to return to 
predisturbance levels.

The potential for carbon sequestration in the trees and soils of forest and 
rangeland environments has been recognized by policymakers, leading to the 
inclusion of select forest and range management activities in many GHG reduction 
programs. The guiding principle for including land management in climate change 
mitigation strategies and in carbon markets is that land should be managed in a way 
that increases its rate of, and capacity for, carbon capture, and decreases the rate at 
which carbon is returned to the atmosphere from land conversion, land-use intensi-
fication, or other human or natural disturbances. 

What is Carbon Sequestration?
Carbon sequestration refers to the accumulation of carbon in an ecosystem 
over time. The amount of carbon held in an ecosystem is a product of how 
much carbon enters the system and how much leaves it. When carbon inputs 
to an ecosystem outpace carbon releases from that ecosystem over time, car-
bon sequestration occurs. The potential to increase the amount of carbon held 
in forest and rangeland ecosystems or to minimize losses of existing carbon 
offer landowners an opportunity to manage their lands in ways that contribute 
to climate change mitigation by encouraging carbon sequestration. This can 
be done by increasing carbon inputs and uptake, decreasing or preventing 
carbon releases, or both. In some circumstances, carbon sequestration through 
biological processes (such as plant growth) is referred to as biological carbon 
sequestration to distinguish it from the capture and storage of CO2 emissions 
in geological formations. 
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The Policy and Market Context
Greenhouse Gas Emissions Policies in the United States
In 1992, the United States ratified the United Nations Framework Convention on 
Climate Change (UNFCCC). The UNFCCC served as the framework for negotiat-
ing international agreements to reduce GHG emissions and led to the development 
of the Kyoto Protocol. Since the ratification of the UNFCCC, the United States 
has yet to sign on to any further international agreements that require emissions 
reductions over time. The next round of international GHG emissions regulation 
negotiations through the United Nations is scheduled to occur in December 2009 in 
Copenhagen, Denmark. This meeting is designed to lay out the future of interna-
tional climate change policy after the expiration of the Kyoto Protocol in 2012.

U.S. federal policies—
As of this writing, there is no comprehensive federal mandate for reducing GHG 
emissions in the United States, although a voluntary GHG accounting registry, 
known as the 1605(b) registry, has been maintained since 1992 and was recently 
updated by the Department of Energy. More than 10 cap-and-trade bills had been 
proposed by members of Congress as of December 2009. In contrast to the current 
approach in the European Union, many of these bills explicitly mention a role for 
offsets from land use. Only one of these bills had passed through the U.S. House 
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of Representatives (the American Clean Energy and Security Act3) and none have 
yet passed the Senate. In September 2009. a new bill (the Clean Energy Jobs and 
and American Power Act) was introduced in the Senate that builds on the House 
bill and lays the groundwork for negotiation. The Senate bill states that forestry and 
range projects should be considered as a source of carbon offsets in any national 
cap-and-trade system. Although President Obama has expressed the desire to have 
legislation approved by both houses of Congress prior to the December 2009 meet-
ing in Copenhagen to negotiate the followup treaty to the Kyoto Protocol, he will 
instead participate in the meeting with a national emissions reduction target but no 
completed legislation.

3 The American Clean Energy and Security Act (H.R. 2454) is also commonly referred to 
as ACES or Waxman-Markey. Complete text of the version of the bill passed by the House 
is available at http://www.opencongress.org/bill/111-h2454/show.

The Kyoto Protocol
The first global attempt to regulate greenhouse gas emissions (GHG) was embodied by the Kyoto 
Protocol. In 1992, the United Nations Framework Convention on Climate Change (UNFCCC) 
was established to accomplish “stabilization of greenhouse gas concentrations in the atmosphere 
at a level that would prevent dangerous anthropogenic interference with the climate system” 
(UNFCCC, Article 2).* In 1997, an international protocol was designed at a United Nations 
meeting in Kyoto, Japan, that established mechanisms for reducing GHG emissions to meet 
UNFCCC goals. As of February 2009, the Kyoto Protocol had been ratified by 184 parties around 
the world. Although the United States participated in the design of the Kyoto Protocol and was one 
of the initial signatories, the treaty was never ratified by the U.S. Senate and thus did not become 
a binding agreement for the United States. Kyoto established an international cap-and-trade 
program among signatories that operates from 2008 to 2012. The program has two carbon offset 
mechanisms known as the Clean Development Mechanism (CDM) and Joint Implementation (JI) 
that govern the crediting of offset projects in developing and developed countries, respectively. 
The CDM recognizes some aspects of forestry and Joint Implementation recognizes some aspects 
of both forestry and ranching as sources of carbon offsets. However, because the U.S. government 
chose not to ratify the Kyoto Protocol, landowners in the United States cannot participate in either 
program. The Kyoto Protocol has prompted some signatory countries to develop regulations that 
control GHG emissions nationally to meet the emissions reduction targets stipulated by the proto-
col. A prominent example is the European Union Emissions Trading Scheme. This scheme does 
not currently accept offsets from forestry or ranching, however. 

* Available online at http://unfccc.int/essential_background/convention/background/items/1353.php.
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Some initial steps have been taken by the government to promote the inclusion 
of forest and ranch owners in carbon markets. Section 2709 of the 2008 Farm Bill 
(enacted in June 2008) calls for the Secretary of Agriculture to give priority to the 
establishment of guidelines related to farmer, rancher, and forest landowner par-
ticipation in carbon markets (Food, Conservation, and Energy Act of 2008). These 
guidelines include the development and implementation of protocols for measur-
ing, reporting, and registering carbon offset credits. In December 2008, the U.S. 
Department of Agriculture announced the formation of a new Office of Ecosystem 
Services and Markets. This office is expected to play a significant role in the devel-
opment of federal policy relating to natural resources and carbon markets.

What Are Offsets?
Carbon offsets refer to activities that either reduce emissions or increase 
sequestration but are not required under a regulated or voluntary cap. These 
offsets are provided by landowners and other entities. Offsets are intended to 
counterbalance the release of greenhouse gases (GHGs) from emitters. Offset 
projects will commonly quantify the emissions reductions or sequestration 
associated with their project as individual credits (each typically representing 
1 metric tonne of carbon dioxide (CO2) equivalent offset, or 1 tCO2e) that 
may then be bought and sold in carbon markets. Individuals or organiza-
tions that wish to offset their own GHG emissions can do so by purchasing 
and retiring offset credits. Retirement of an offset credit is essentially the 
permanent removal of the credit from being traded in the market, an action 
that would be carried out by whichever registry was listing the offset at the 
request of the credit’s owner. If an offset credit is not retired by its purchaser, 
it may continue to be bought and sold by others in a carbon market, similar in 
principle to other types of markets and exchanges. The inclusion of offsets in 
carbon markets allows a broader and more diverse range of participants (such 
as private forest owners and ranchers) in carbon markets, and when used in 
cap-and-trade programs, enables the market to reward innovative and cost-
effective emissions reduction practices employed by entities not included in 
the cap, such as forest and range landowners. The inclusion of offsets in the 
most recent climate change legislation passed by the House of Representatives 
has been estimated to bring the cost of emissions permits down by as much as 
69 percent (Congressional Budget Office 2009).
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State and regional actions—
In the absence of federal mandates, most GHG regulation to date has been pursued 
through the actions of individual states and through the formation of regional 
agreements between groups of states. Many states throughout the country have 
implemented renewable energy standards and passed resolutions establishing 
emissions targets to be met in the future, but few have yet to pass binding legisla-
tion regulating the emissions of GHGs. In 1997, Oregon passed the first regulation 
controlling CO2 emissions in the United States, requiring new powerplants to spend 
a set amount of money per ton of CO2 emissions for the development of carbon 
offsets. Ten Northeastern States launched the Regional GHG Initiative (RGGI) in 
2008 to regulate emissions of CO2 (the only GHG included in this program) from 
major powerplants using a cap-and-trade system. Also in 2008, California became 
the first state to pass legislation supporting the implementation of a market-based 
strategy covering emissions of all GHGs by passing Assembly Bill 32, which calls 
for creating a statewide emissions reduction program to meet 1990 emissions levels 
by 2020, and for launching a cap-and-trade system by 2012. Both the Oregon CO2 
Standard and RGGI are smaller in scope as well as in the number of GHGs being 
regulated compared to the cap-and-trade bills proposed in Congress, adopted by 
California AB 32, and being discussed through other regional agreements.

Elsewhere in the United States, regulations are still under development. The 
governors of seven Midwestern States signed the Midwestern Greenhouse Gas 
Reduction Accord (MGGA) in November 2007, which calls for the establishment 
of a regional emissions trading program to reduce GHG emissions. The rules for 
the program are expected to be finalized in 2010, and although the use of offsets 
has been included in the program design, the specific types of eligible activities 
have not yet been disclosed. The Western Climate Initiative (WCI) is a regional 
agreement that was signed by the governors of seven Western States (Arizona, 
California, Montana, New Mexico, Oregon, Utah, and Washington) and the 
premiers of four Canadian provinces (British Columbia, Manitoba, Ontario, and 
Quebec) in 2007. Six other U.S. states (Alaska, Colorado, Idaho, Kansas, Nevada, 
and Wyoming), six Mexican states (Baja California, Chihuahua, Coahuila, Nuevo 
Leon, Sonora, and Tamaulipas), and two Canadian provinces (Nova Scotia and 
Saskatchewan) have joined the WCI as “observers.” The WCI includes a cap-and-
trade program planned to launch in 2012. There has been significant collaboration 
between state governments, industry, tribes, environmental groups, and other 
stakeholders in the development of this program, including the design of an offset 
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program. Although the specific details of which activities will be eligible for gener-
ating carbon credits had not been announced as of December 2009, the program is 
being designed with private landowner participation as offset providers in mind. 

Current Carbon Market Opportunities for Biological  
Carbon Sequestration
A carbon market is a tool designed to place an economic value on the social and 
environmental costs of GHG pollution and the benefits of emissions reduction 
activities. The market functions by translating emissions into exchangeable permits. 
There are two major types of carbon markets: compliance markets and voluntary 
markets. Compliance markets are based on government regulations that mandate 
emissions reductions from particular industries or polluters. The most common 
approach to creating a compliance market is to implement a cap-and-trade system. 
Voluntary carbon markets occur in the absence or alongside government mandates 
to control emissions, and participation is purely voluntary. 

This section discusses both the compliance and voluntary carbon markets that 
are operating in the United States and associated opportunities for biological carbon 
sequestration through forest and range management projects. Note that as the regu-
latory environment, carbon markets, and associated opportunities for landowners 
are changing so rapidly, we only present basic concepts and current opportunities 
here and omit finer details. 

Compliance markets—
Although other market-based systems have been experimented with in the past, 
the compliance markets that exist in the United States and around the world today 
take the form of cap-and-trade systems. In a cap-and-trade system, regulators set a 
cap on the total quantity of emissions allowed from the regulated polluters within a 
given industry or sector (e.g., powerplants, manufacturing, transportation). The cap 
creates a limited supply of pollution permits. For every ton of emissions allowed 
within the cap, a permit called an allowance is distributed through an auction or 
given for free to the polluting companies in each regulated sector. The polluters 
are then required to surrender one allowance for every ton of CO2 (or equivalent 
amount of other more potent GHGs, tCO2e) they produce. The allowances are 
exchangeable among the polluting companies, and companies that can reduce 
their own emissions below mandated levels can sell their surplus allowances. This 
trading feature enables the market to find and reward the most cost-effective ways 
to reduce overall emissions. The cap is the backbone of the cap-and-trade system. 
A strict cap ensures high demand for pollution allowances, and increases the value 
of innovation in emissions reduction strategies by rewarding companies that can 
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effectively reduce their emissions. The cap is typically reduced over time to further 
cut overall emissions from the regulated sectors in accordance with environmental 
goals.

Compliance markets are commonly based on the supply and demand of 
two interchangeable types of pollution permits: allowances and offset credits.4 
Allowances are issued to polluting industries by a regulatory agency. Offset credits 
are issued to persons or organizations who perform offset activities by a regula-
tory agency or by an organization in charge of managing GHG registries. Across 
the market, companies that can reduce their emissions cheaply and effectively will 
hold extra allowances that they can then sell to companies that have not been able 
to meet their emission reduction requirements. Companies in need of allowances 
(because it is not feasible or cost-effective for them to reduce emissions in-house) 
may purchase emissions allowances from other companies or may purchase offset 
credits. The net effect of this market activity is that those companies that reduce 
their emissions are rewarded by their ability to sell allowances while those that 
maintain or increase their emissions foot the bill. The underlying rationale behind a 
cap-and-trade system is that polluting companies can determine how and where to 
reduce their emissions to comply with the regulations more efficiently than would 
be possible through the decisionmaking process of a regulatory agency. Thus, the 
cap-and-trade approach prioritizes cost-effective emissions reductions to meet 
the mandatory cap and allows the regulated industries to make their own busi-
ness decisions about whether they should reduce emissions internally or purchase 
allowances or credits from other market participants. This type of a cap-and-trade 
system has been previously implemented by the EPA to reduce emissions of sulfur 
dioxide from powerplants as part of the Acid Rain Program, which began in 1990 
and continues to operate today. The Acid Rain Program is commonly considered to 
be the strongest success story for a cap-and-trade system in the United States. The 
EPA has also implemented a variety of other types of emissions trading programs 
beginning in the 1970s with varying levels of success. A review of some of these 
programs can be found in publications by Tietenberg et al. (1999) and Ellerman et 
al. (2003). 

Confronting global climate change means reducing GHG emissions to the 
atmosphere, and simultaneously increasing the removal of these gases from the 
atmosphere to reduce GHG concentrations. It is important to recognize that tak-
ing a ton of CO2 out of the atmosphere by altering forest or range management 

4 It is important to note, however, that offsets are not a prerequisite component of emissions 
trading schemes, but are generally included to help reduce the cost of emissions permits 
compared to the use of allowances alone.
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(for example) is considered to be just as effective at affecting atmospheric green-
house gas concentrations as a ton of emissions reduction on the part of a polluter. 
Although the focus of the cap-and-trade system is primarily on reducing GHG 
emissions by major polluters, many scientists and economists have argued that 
restricting the carbon market to major emitters alone (and not allowing offsets) will 
significantly limit the number of cost-effective ways to reduce GHG concentrations. 
In some circumstances, the management practices of landowners may be more 
efficient at mitigating climate change than the emissions reduction practices of pol-
luting industries. Carbon-oriented management of forest and rangeland ecosystems 
can also have many environmental and social co-benefits such as restoration of 
degraded wildlife habitat, enhanced water quality, and diversified income streams 
for natural-resource-based communities. 

Existing compliance markets are generally not restricted to emitters alone and 
will also allow carbon offsets. There are a number of different types of offsets, 
including renewable energy projects, methane capture projects from landfills, 
and terrestrial carbon sequestration projects associated with farms, forests, and 
rangeland management. Different systems allow different types of offsets and not 
all allow forestry and range projects. Today the only compliance market that oper-
ates in the United States is the cap-and-trade system associated with the Regional 
Greenhouse Gas Initiative. The RGGI allows for the use of offsets but currently 
limits offsets associated with forestry to afforestation and reforestation (described 
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in the next section). It does not allow range management offsets. Only landowners 
who reside in the 10 Eastern States that are party to RGGI are eligible to participate 
in this market. Which types of offsets to include is currently a subject of debate 
among developers of California climate legislation, the WCI, and the MGGA, 
as well as among legislators devising a federal program. The creation of state, 
regional, and national mandatory cap-and-trade systems is expected to significantly 
increase the demand for carbon credits from offset projects and will likely provide 
more opportunities for landowners to be compensated for carbon sequestration 
activities.

Voluntary markets—
In the absence of a mandated cap-and-trade system, many companies and individu-
als have taken the initiative to pursue voluntary GHG emissions reductions by par-
ticipating in voluntary carbon markets. They are most often motivated by a sense 
of corporate or social responsibility, and by public relations incentives (Hamilton et 
al. 2009). In the United States, there are two kinds of voluntary carbon markets: the 
Chicago Climate Exchange (CCX), and over-the-counter (OTC) transactions.5 

The CCX has been open since 2003 and offers opportunities for rangeland 
and forest management offset projects throughout the United States. The CCX 
is a legally binding cap-and-trade program composed of member companies and 
organizations that enter into the program voluntarily and trade emissions allow-
ances and credits from offsetters according to an emissions cap set individually 
for each participant by the CCX. Offset participants follow CCX protocols and can 
register and sell their carbon credits (known as Carbon Financial Instruments or 
CFIs) through the CCX to other members; CFIs may also be sold over the counter 
through private contracts with any private or public entity. More information about 
CCX can be found at http://www.chicagoclimatex.com/.

Over-the-counter transactions involve the sale of offsets to companies or 
individuals through private contracts between an offset provider and an offset 
buyer. The purchasers have a variety of motivations. Some may be individuals or 
employers who wish to offset emissions from personal or business travel. Others 
may be interested in marketing their company or product as carbon neutral or 
carbon friendly. The diversity of buyers and their interests in OTC transactions 
have made this voluntary market a new and potentially valuable niche market 
for offset providers. Because OTC transactions are based on private contracts, 
the contract terms—such as the types of offset activities allowed, verification 

5 The use of trade or firm names in this publication is for reader information and does not 
imply endorsement by the U.S. Department of Agriculture of any product or service.
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and documentation requirements, and the price of offsets—are negotiable. 
The exchange of voluntary offsets through OTC transactions are not currently 
coordinated or regulated by any centralized market exchange or institution.

Offset standards, registries, and pricing—
To ensure the integrity and reliability of carbon markets, a number of standards, 
rules, and institutions have been established, in part because it is important to 
demonstrate that a land management activity truly increases carbon sequestration 
and provides real, measurable, offsets over time. Carbon offset activities typically 
involve some type of verification and certification prior to being registered and 
traded as credits. A clear set of standards is associated with the verification or 
certification scheme so that the buyer of offset credits understands the quality of 
the credit being purchased. These procedures are designed to prevent fraudulent or 
inaccurate offset calculations and sales. Without transparent and rigorous standards 
and accounting methods, knowledge about and confidence in carbon markets will 
suffer. 

Offset standards—Standards serve as a way to certify that an offset activity is 
credible. A number of entities have developed carbon offset standards for forestry, 
and to a lesser extent, range projects. Each standard commonly includes several 
protocols describing the permissible types of activities and the specific account-
ing procedures used to calculate the amount of carbon sequestration. The CCX, for 
example, has protocols for rangeland soil carbon, forest carbon, and agricultural soil 
carbon, among others. A landowner wishing to participate in a carbon market will 
have to decide which standard to adopt and comply with. In general, compliance 
markets and the CCX have set standards, whereas credits traded in OTC markets 
may comply with a range of different standards, or none at all. In 2008, a survey of 
carbon market participants suggested that as much as 96 percent of all credits (not 
just forest or range-based credits) traded on voluntary carbon markets had been 
third-party verified (Hamilton et al. 2009). There are a number of different stan-
dards, not all of which include protocols for forest and range projects. The most 
commonly used standards reported from the voluntary market are the Voluntary 
Carbon Standard, followed by the Gold Standard, the Climate Action Reserve 
(CAR), and the American Carbon Registry (Hamilton et al. 2009). The main entities 
currently operating in the United States with standards that allow offsets from for-
estry or range projects are described in the appendix. Table 1 indicates the category 
of forestry or range projects that are allowed by each. A landowner wishing to par-
ticipate in a compliance market (such as RGGI), or in the CCX voluntary market, 
must follow the standards and protocols approved for use in that market. 
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Registries—Registries are another key component of a viable carbon market 
because they provide a transparent and reliable way of tracking the sale and use 
of pollution allowances and carbon credits to prevent fraud and double counting. 
Registries are databases that allow market participants to establish and publish 
GHG emissions inventories, document verified offset activities, and track and trade 
allowances and credits. Registries also have standards for participation that must be 
rigorous and transparent for them to be credible. Some entities that have developed 
carbon offset standards for forestry and range projects also maintain carbon 
registries, although some do not. In contrast to compliance markets and the CCX, 
a landowner wishing to participate in an OTC transaction does not necessarily 
need to comply with an established standard or participate in a registry. However, 
standards and registries provide increased confidence for buyers interested in 
purchasing offset credits in voluntary carbon markets, and such credits commonly 
command higher prices.

Pricing—In compliance markets (and the CCX) at any one point in time, there is 
only one prevailing price, which is the same for both allowances and offset credits. 
Although the price in compliance markets may change over time, all credits in 
the market will trade at the same price. In the voluntary OTC market, prices are 
determined through private negotiations between offset buyers and sellers. The 
price of an offset credit varies depending on the perceived quality of the offset, 

Table 1—Activities allowed by different offset standards and trading programs

 Forestry Grazing
 A/R FM REDD GM

Department of Energy 1605(b) (1992 to present) Y Y N N
American Carbon Registry (1996 to present) Y Y Y N
The Climate Trust (1997 to present) Y Y Y Y
Climate Action Reserve/California Climate Action Registry (2001 to present) Y Y Y N
EPA Climate Leaders (2002 to present) Y N N N
Plan Vivo (2002 to present) Y Y Y N
Chicago Climate Exchange (2003 to present) Y Y N Y
Clean Development Mechanism (2006 to present) Y Y N N
Joint Implementation (2006 to present) Y Y N Y
Voluntary Carbon Standard (2006 to present) Y Y Y N
CarbonFix (2007 to present) Y N N N
Climate, Community and Biodiversity Standard (2008 to present) Y Y Y Y
Regional GHG Initiative (2008 to present) Y N N N
Midwestern Governors GHG Accord (planned for 2010) ? ? ? ?
Western Climate Initiative (planned for 2012) ? ? ? ?

A/R = afforestation/reforestation; FM = forest management; REDD = reduced emissions from degradation and deforestation;  
GM = grazing management.
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which is often a function of the standard with which it complies. In general, credits 
verified to a well known third-party standard transact at higher prices, meaning 
it may be cost-effective for landowners to undergo the process of verification and 
registration. Despite this general expectation, however, compliance with a more 
rigorous standard is not a guarantee that the price for the resulting offset credits 
will be higher, as there are many examples where credits verified to a third-party 
standard do not gain a discernible price premium (Hamilton, K. 2009. Personal 
communication, Ecosystem Marketplace). Also, some offsets are more attractive 
to buyers than others (and command a higher price) because of their perceived co-
benefits. Thus, in voluntary transactions, offsets from different project types (e.g., 
landfill methane and reforestation) may trade at different prices even if they were 
verified to the same standard. 

Common Steps and Requirements for Pursuing  
Carbon Offset Projects
Although the specific requirements for carbon sequestration and avoided emis-
sions projects associated with forest and range management differ among markets, 
registries, and standards, they have several shared components that a landowner or 
manager is likely to encounter in the process of market engagement. We first pro-
vide a brief description of common participants that landowners may interact with 
in carbon markets and then review some of the most common procedures in the 
conduct of offset projects. The items listed below are not requirements for all offset 
programs, but represent some of the common procedures and requirements used 
in evaluating offset projects that a landowner may have to undergo. Landowners 
should carefully consider the requirements of each relevant standard and be sure 
to fully understand what is required of them for compliance before choosing one 
standard over another. Following this discussion, we address some common ques-
tions landowners may have about participating in carbon markets.

Major Players in Carbon Markets
Project developers—
The persons or organizations that prepare all the necessary documentation for 
submitting and running an offset project. Although landowners may participate 
as project developers, many offset programs may require complex modeling or 
other specialized skills that may be beyond the capacity or interest of participating 
landowners. 
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Aggregators—
A specific type of project developer, aggregators oversee the combination of 
multiple smaller projects into one larger project to reduce the various costs for 
each landowner. Aggregators are commonly involved in projects when the land 
area of the project is beneath some set limit, or the carbon sequestration potential 
of an individual project is too low to enable it to meet all the costs associated with 
measuring, monitoring, verifying, or listing the project on a registry.

Registries and standards organizations—
These organizations provide the rules and venue for registration of offset projects. 
Each registry and standards organization generally maintains a variety of offset 
project protocols that define the rules and expectations of projects seeking registra-
tion or certification using their standard.

Third-party verifiers—
Most offset programs require an independent organization to verify that offset 
activities reported to them by project developers are real and have been conducted 
in accordance with the relevant protocol. These organizations are commonly 
accredited by the registry or standards organization verifying their offset projects. 
Each standard or registry will likely provide a list of approved third-party verifiers. 

Offset buyers—
These are the people or companies who purchase offsets directly from the project 
developer or through brokers. Offset buyers may be entities regulated under a 
cap-and-trade compliance market or they may be voluntary purchasers of offsets 
through OTC transactions. Offset buyers may retire offsets or resell the offsets to 
another buyer.

Brokers—
A special type of offset buyer, brokers are people or organizations that function as 
intermediaries in the selling of emissions permits and do not take final ownership 
of a credit. Brokers typically facilitate the buying and selling of offset credits and 
allowances in much larger volumes than those of individual projects. Most brokers 
will have access to a portfolio of credits available for potential buyers and may 
enable buyers to purchase offsets created from particular locations, project types,  
or standards. 
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Common Project Components
Offset project plan—
Most credit-generating offset programs require project developers to submit a 
project proposal for their offset activities. The proposal is reviewed and accepted or 
rejected by an advisory committee or other oversight group. The project plan allows 
each standard or registry group to ensure that projects meet their eligibility require-
ments and must contain sufficient documentation to support approval of the offset 
project. The major components of a project plan are discussed in more detail below.

Demonstration of land ownership (and carbon ownership)—
Prior to the approval of any offset project, most programs require the landowner 
or project developer to demonstrate ownership of the land being used for the offset 
project. Documentation of any relevant easements or other property restrictions or 
stakeholder interests in the property (such as loans against the property) will typi-
cally need to be provided as well. Although there is currently no widely accepted 
legal framework for separating property rights to carbon in offset projects from 
more traditional timber or land property rights, this issue is arising as an important 
topic in the aggregation of several different landowners into a single project and 
will likely be a component of aggregation programs in the future. 

Land-use history—
Many offset programs require a description of recent land-use activities on the land 
being used for the offset project, such as previous management practices or conver-
sion from other land uses. Some standards allow offset projects that have already 
begun prior to submitting the project plan. Forestry standards for afforestation/
reforestation activities typically require documentation that demonstrates the land 
has not been forested for a specified number of years prior to the start of the offset 
project.

Establishing a baseline—
Project developers are generally required to create a scenario showing how the land 
would be managed in the absence of the offset program. This scenario, commonly 
referred to as “business as usual,” describes the types of land management activities 
that would be carried out if the landowner did not intend to participate in a carbon 
market, and how business as usual would affect the amount of carbon storage and 
emissions from the land. Each offset standard will provide its own guidance for 
development of the baseline scenario.
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Demonstrating additionality—
A variety of tests are used to guarantee that project activities are being pursued 
for the primary purpose of reducing GHG emissions or sequestering carbon, and 
to ensure that the offset practices are not part of previously planned business or 
management activities being conducted for other reasons. These tests may include 
(but are not limited to):
1. Regulatory test: Management practices required by law (e.g., riparian 

buffers) are not additional. Additionality requires carbon storage to be 
above and beyond that which occurs for compliance with relevant laws  
and regulations.

Additionality and Early Actors
One of the basic principles the procedures and requirements for offset project 
initiation are designed to address is that of additionality. Carbon offset 
markets were developed to incentivize sequestration activities that would not 
have occurred in the absence of the market. Therefore, many offset programs 
apply additionality criteria to guarantee that projects actually represent new 
sequestration (or net emissions reductions). In some circumstances, although 
landowners may already engage in land management practices that help 
sequester carbon, these may not necessarily qualify for carbon offset credits. 
Landowners who have been following sustainable management practices 
for reasons other than carbon sequestration may commonly have generated 
higher levels of carbon storage in their plants and soils than those who have 
not (i.e., their baseline is higher). These “early actors” present a unique 
challenge for offset programs because although their management activities 
may provide the same level of carbon sequestration as projects initiated 
by other landowners, they may not necessarily reflect new and additional 
carbon storage that would not have occurred in the absence of the market. In 
general, carbon offset programs will require landowners to employ practices 
that are above and beyond “business as usual.” Each offset program uses 
its own definition of “business as usual,” so activities considered additional 
(and therefore eligible for offset crediting) in some standards may not be 
considered additional in others. Some of the common additionality criteria are 
discussed in this chapter.
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2. Financial test: If the management plan associated with the offset project is 
less financially attractive than alternative business-as-usual options, it may 
be considered additional. To demonstrate additionality in this case, there 
must be an anticipated reduction in income or other financial benefits from 
the project, compared to what would occur if the project did not participate 
in the carbon market.

3. Common practice test: If the activities described in the management plan 
are common practice in the industry—independent of participation in car-
bon markets—those activities may not be considered additional. 

Permanence and leakage—
Increased carbon storage that occurs through land management can be reversed 
through changes in land use, resource management practices, or natural distur-
bances, which gives rise to a concern over the “permanence” of sequestered 
carbon. Permanence is a common requirement for most offset programs, and the 
project developer may need to describe what efforts will be taken to minimize the 
risk of future carbon losses (or reversals) from events such as wildfire, changes in 
timber harvesting, or land sales. Permanence is commonly addressed through the 
use of buffer or reserve pools where a certain amount of the carbon credits earned 
by a project are held essentially as insurance to recoup carbon losses from reversals. 

Leakage refers to the risk that the carbon benefits gained by one project will 
be negated by increased carbon emissions in another location as a direct or indirect 
result of the project. Although project developers typically cannot control the land 
management decisions of other landowners, they will generally be required to 
commit to not pursuing activities on other lands within their control that increase 
the release of carbon from those lands. For example, a forestry offset project that 
involves reduced timber utilization in one stand cannot simply relocate timber 
harvests to another stand not included in the project area. 

Carbon inventory—
For programs that require them, landowners will need to have a carbon inventory 
prepared for the lands included in their project. In forestry projects, this inventory 
is similar in some senses to traditional timber inventories, but may require the 
measurement of additional carbon pools, such as nonmerchantable species, snags, 
and downed woody debris, as well as requiring additional constraints on the level 
of sampling and statistical errors allowed. These inventories are typically used to 
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quantify and model a baseline scenario to estimate carbon sequestration over time. 
Most programs require a description of the sampling methodology that will be used 
to calculate and model changes in carbon storage. Examples include the location 
and number of sampling plots, the type of measurements that will be taken in the 
field, any laboratory tests, and any models or other published guides that will be 
used. To avoid overestimation of carbon storage and sequestration in projects, many 
offset standards will also use a conservative approach to the calculation of carbon 
storage in a forest by restricting the allowable statistical sampling error of an inven-
tory (e.g., to a maximum of 20-percent sampling error at a 90-percent confidence 
level) and then subtracting some amount of the statistical error (e.g., one standard 
error of the mean) from the inventory estimate. This is a unique consideration for 
carbon inventories that is not commonly considered in traditional timber inventories 
and should be kept in mind when designing any carbon inventory to make sure that 
it will comply with a desired standard.
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Third-Party Verification, Monitoring, and  
Sustainability Certification
Most (but not all) offset standards require verification of offset activities by an 
independent third party. Many offset programs will provide a list of appropriate 
organizations that can be used for third-party verification. Others will require the 
use of an approved verifier. Many offset programs also require certification that the 
land is being managed in a sustainable manner. For forestry projects, this means the 
landowner may need to obtain forest certification through a program like the Forest 
Stewardship Council, Tree Farm, or the Sustainable Forestry Initiative. For range 
management projects, this usually means complying with the Natural Resource 
Conservation Service’s (NRCS) Best Management Practices for grazing and range-
land management. These standards may vary from state to state depending on state 
and local regulations as well as different environmental concerns. Information on 
best management practices can be found by contacting a NRCS state office. Links 
to the Web sites for these offices can be found at http://www.nrcs.usda.gov/about/
organization/regions.html.

Registering and Issuing Offset Credits
Once a project plan is approved and the offset activities are verified, the project can 
be placed on a registry and carbon offset credits issued. Many programs will charge 
a fee per ton of carbon to support the administration and operating expenses of the 
standard, registry, or trading program. Each carbon credit is typically representative 
of 1 tCO2e. Some registries use metric tonnes of CO2e, whereas others use English 
units of short tons of CO2e.

Sale of Credits
Once credits have been issued and registered, they may be sold through existing 
exchange platforms with transparent prices, or they may be sold in OTC transac-
tions to other buyers through private agreements. Many registries or offset pro-
grams may require processing or transfer fees to be assessed when offset credits 
are transferred or sold. Under some standards, it may also be possible to negotiate 
forward sales of credits that essentially entail a contractual obligation to deliver 
credits anticipated to be earned in the future in exchange for up-front payment. 
This type of sale is distinct from ex-ante crediting because credits are not actually 
being sold in a forward sale, but instead the contract involves the promise to deliver 
credits once they have been issued. In the OTC market, the price of carbon credits 
varies from sale to sale. Price ranges for some of the major offset standards and 
markets are shown in table 2.
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Forest and Range Management and  
Carbon Sequestration
Landowners who are interested in participating in carbon markets can benefit from 
an understanding of the science behind forest and range management practices that 
help sequester carbon. It is also important that landowners understand which prac-
tices are recognized as qualifying carbon offset activities in existing markets and 
registries. It is likely that there are management practices that can produce carbon 
benefits that are not currently recognized in carbon offset programs. Similarly, there 
may also be requirements placed on management that do not have clear carbon 
sequestration effects. Ultimately, understanding the scientific underpinnings of how 
land management affects carbon sequestration in forest and range environments 
will enable concerned landowners to more critically evaluate why various offset 
programs require particular practices. 

Table 2—Reported prices for offset standards and trading programs

Standard/protocol Price range Average prices 

  $US/tCO2e
American Carbon Registry ~2.50–20*A 3.80*A

CarbonFix 14–25 A 18.40A
  14–27 B

Chicago Climate Exchange 1.90–15*A 4.00*A

  1.40–2.70*C 2.10*C

Climate Action Reserve/California ~2–20*A 8.90*A

 Climate Action Registry

Climate Community and Biodiversity ~2.50–15 A 10.30C

  6.90–13.70C

Kyoto’s Clean Development Mechanism ~7.50–40*A 21.30*A

 and Joint Implementation 19.20–41.10*C 30.20*C

Plan Vivo ~5–11A 5.60A
  3.40–13C 8.20C
  8–30B

Voluntary Carbon Standard ~2.50–30*A 5.50*A
  6.90–20.60*C 13.70*C
  12–18 B

Values with asterisks (*) next to them are based on ranges and averages for all offset project 
types allowed within a standard and not restricted to forestry or range projects. Letter 
codes represent sources of price ranges and averages as estimated by: A = Hamilton et al. 
(2009), prices from transactions in 2008; B = Merger (2008), expected prices for 2009; C = 
Kollmuss et al. (2008), prices on trades as of March 2008.
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In carbon markets, land-management practices used for carbon sequestration 
are commonly referred to collectively as LULUCF (land-use, land-use change, and 
forestry) or as agriculture, forestry, and other land uses (AFOLU). We use the term 
LULUCF to describe land-use-related offset projects except in circumstances where 
AFOLU is the term used internally by the specific offset standard being discussed.

Our Current Scientific Understanding of Forest and  
Rangeland Carbon Cycling
Current carbon market opportunities reflect a combination of practical and scientific 
concerns in both forestry and range management. Although LULUCF projects in 
general are somewhat more complicated than more technology-oriented offsetting 
projects, there are major differences between our current understanding of forest 
versus rangeland carbon science that affect how these activities are handled in 
carbon markets. As will be described in more detail in the sections that follow, 
forest carbon projects are primarily concerned with carbon storage in trees and 
wood products, whereas rangeland carbon projects focus on carbon storage in soils. 
As a practical matter, carbon is easier to measure above ground than it is below 
ground. Moreover, the current state of technology is such that measuring changes 
in soil carbon is expensive. Measuring carbon is also more similar to the kinds of 
measurements commonly taken as part of traditional forest management than is 
the case with range management. And there is uncertainty over how to assess soil 
carbon baselines and additionality. As a result of these and other issues, the cur-
rent body of research into how forests—and trees in particular—cycle carbon is 
broader and more robust than the research pertaining to rangeland carbon cycling, 
and the evaluation of offsets from soil carbon is somewhat more contentious than 
from other carbon pools such as live plant biomass. These challenges have made the 
verification and determination of value for soil carbon sequestration complicated, 
and as a result, there are not currently many offset standards for soil carbon seques-
tration in rangeland environments.

Practical matters of measuring carbon storage have led to divergent methods for 
documenting carbon benefits from offset projects. The ease and relatively low cost 
of measuring tree carbon makes it possible for forestry offset projects to demon-
strate that management activities are leading to carbon sequestration by inventory-
ing their carbon over time. Standards that use this type of inventory program to 
measure changes in forest carbon are known as outcome-based standards. In 
contrast, the cost and difficulty involved in detecting changes in soil carbon make 
carbon inventories less suitable for rangeland offset projects. Instead, offset stan-
dards for rangeland management commonly require landowners to follow specific 
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management practices believed to increase carbon sequestration that are outlined 
by the relevant offset protocols. These are known as prescriptive standards. The 
overview of forest and range management practices that follows reflects these 
divergent requirements. Our discussion of forestry and carbon sequestration antici-
pates that landowners have the leeway to choose specific management practices. 
Conversely, our discussion of range management practices and carbon sequestration 
provides the scientific background for understanding how these practices may affect 
carbon balances in rangeland ecosystems, and specifies which of these practices are 
currently required by the CCX, the primary venue for rangeland carbon credits to 
date. 

Forestry
Forests are distinct from other terrestrial ecosystems in that they can sequester 
much larger amounts of carbon in plant biomass than other environments and plant 
communities. Total forest ecosystem carbon storage refers to the amount of carbon 
held on forest lands in both live and dead pools, including biomass, litter, and soils.6 
The proportion of total forest ecosystem carbon that is stored in tree biomass rela-
tive to other pools like litter and soil differs with forest type, productivity, distur-
bance regime (including harvesting), and land-use history. Forests that are more 
productive or that foster the growth of very large trees (e.g., redwood forests and the 
temperate rain forests of the Pacific Northwest) typically contain higher proportions 
of carbon in tree biomass than less productive forests or those containing smaller 
trees. Across all forest types in the United States, the average amount of carbon 
stored in each pool is approximately 50 percent in soils, 33 percent in live trees, 
10 percent in woody debris (including standing dead trees, stumps, and snags), 6 
percent in the forest floor, and 1 percent in understory plants (Turner et al. 1995). 

In forests, carbon is sequestered by trees and can be stored in tree biomass 
(including wood products) and soils for long periods. The uptake of carbon into tree 
biomass generally occurs more quickly, and is easier to measure, than the uptake 
of carbon in soils. Many studies, though not all, have shown a measurable increase 
in soil carbon following establishment of new forests (Guo and Gifford 2002, Post 
and Kwon 2000). Most studies that have carefully considered soil carbon balance 
in managed forests have not found significant changes in soil carbon owing to 
harvesting and other common management practices, and the dearth of evidence 
showing effects of forest management on soil carbon stores has been argued by 

6 When wood products are added to the total carbon estimate for a forest, this is commonly 
referred to as total forest “system” carbon storage.
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Lal et al. (2003) to be a knowledge gap in forest carbon sequestration (Johnson 
and Curtis 2001, Johnson et al. 2002, Yanai et al. 2003). The main methods of 
increasing carbon sequestration in forests are therefore to encourage carbon uptake 
by trees, and to enable long-term storage of that carbon in tree biomass. Forest 
management has traditionally focused on growing and harvesting trees, which are 
proportionately very large and easily measured carbon pools. Thus, there is a fair 
amount of scientific knowledge about forest management strategies that encourage 
tree growth, which informs our knowledge about forest management to encourage 
carbon sequestration. Although this discussion focuses largely on forest carbon 
storage and sequestration, carbon is only one factor among many that should be 
considered in sustainable forest management.

Management Practices That Encourage Carbon Sequestration
Carbon sequestration and associated carbon offset credits from forest environments 
can be generated by increasing the net uptake of carbon into forests, decreasing car-
bon releases from forests, or preventing carbon emissions caused by the conversion 
of forests to other land uses. Broadly speaking, there are three general categories of 
forest management that are considered in carbon markets: afforestration/reforesta-
tion, avoided deforestation, and improved forest management. 

Afforestation/reforestation—
The easiest way to visualize carbon storage by forests is to think about the growth 
of trees in a new forest. Afforestation is the term used for the establishment of 
forests on land that has not been forested for a long time, or never was (e.g., agricul-
tural land). In many cases, afforestation can lead to rapid and dramatic accumula-
tions of carbon in tree biomass. Carbon accumulation in litter and soil organic 
carbon may also increase with afforestation—depending on the status of the soil—
although these gains will likely be smaller and accumulate more slowly than carbon 
in tree biomass (Guo and Gifford 2002, Post and Kwon 2000). 

In contrast, reforestation involves reestablishing forests on lands where forests 
were recently removed or destroyed. This includes land that has lost forest cover 
that is not recovering naturally (e.g., land severely burned by forest fire). Many 
offset standards distinguish between afforestation and reforestation activities on 
the basis of how much time the land has been under a land use other than forestry. 
Offset standards may also stipulate how long a land area must have lacked forest 
cover to be considered as a source of carbon offset credits. For example, the CCX 
only allows areas that were not forested prior to 1990 to be eligible for afforestation 
carbon credits; the RGGI and the CAR require a minimum of 10 years of nonforest 
land cover. The timeframe set by different standards for qualifying afforestation 
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projects is an important consideration for those interested in planting forests as 
a means of sequestering carbon and receiving carbon credits. To encourage the 
adaptation and resilience of forests in the face of climate change, offset standards 
may require the planting of native species in these projects and provide guidelines 
for species diversity. Planting new forests is a relatively straightforward way to 
sequester carbon and is the simplest carbon sequestration activity to account for in 
forest carbon offset programs.

Avoided deforestation—
The conversion of forested landscapes to other land uses (e.g., agriculture, devel-
oped uses) typically involves a dramatic release of carbon to the atmosphere, even if 
wood products are produced in the process. Deforestation and forest conversion lead 
to significant losses of carbon from live and dead biomass, litter, and often from 
soil organic matter as well. Preventing deforestation, particularly in tropical forests, 
has been investigated as a means to control carbon emissions because deforestation 
contributes roughly 20 percent of all GHG emissions (IPCC 2007). Unsustainable 
timber harvesting can also lead to deforestation and forest degradation. In carbon 
offset discussions, avoided deforestation is commonly referred to as “reduced emis-
sions from deforestation and forest degradation,” or REDD.

Although forest clearing and land conversion represent a fairly straightforward 
loss of carbon, the methods used to estimate carbon losses that could be avoided 
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by preventing them are complicated and contentious. In contrast to afforestation/
reforestation activities that sequester carbon and are fairly easy to document, 
avoided deforestation activities require preventing emissions that may occur in 
the future. Rigorous carbon offset standards seek to make accurate estimates of 
prevented future emissions. Standards and methods that improperly calculate the 
threat of forest loss from deforestation can create a lack of confidence in associated 
offset credits, and can also reduce the effectiveness of offset activities in mitigating 
climate change. The challenges presented by quantifying and verifying offsets from 
REDD have led to its relatively less common adoption as an offset type in existing 
standards and emissions trading programs.

A major barrier to accepting avoided deforestation offset projects in the 
United States has been the difficulty of reliably estimating the real threat of forest 
conversion in specific places. Determining the risk for conversion of forest land to 
developed uses is generally the responsibility of the authorities associated with a 
particular GHG trading program or offset standard. Calculating development risks 
does not typically require developing new methods for every offset project, but 
rather the use of accepted forest conversion rates, or a proxy for conversion risk 
such as competing property values provided by the offset standard’s authorities.

Perhaps the largest dispute over avoided deforestation projects has been the risk 
of leakage (discussed above and defined in the glossary). When forests are con-
trolled by one landowner, leakage of carbon benefits in one stand by increased har-
vesting in another is not a difficult problem to control, and is commonly included 
in contractual agreements for offset crediting. Leakage to forests outside of the 
landowner’s ownership and control is much more difficult to prevent and measure. 
Leakage is one of the biggest issues slowing down the wider adoption of avoided 
deforestation activities as carbon offsets. Ultimately, how leakage is measured and 
controlled will probably be decided by the authorities of individual GHG trading 
programs and offset standards. For example, one common approach to address 
leakage is to apply a discount (or explicit deduction applied to the measured carbon 
storage) to all credits earned by forest projects. The approaches involved may differ 
among programs, and should be examined closely prior to choosing a particular 
offset standard or trading program to participate in.

Improved forest management—
Several forest management practices that can increase carbon storage in forests 
are summarized below. This is not intended to be a comprehensive list of all forest 
management practices, and this is not an exhaustive list of all the management 
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Variations in Potential Carbon Sequestration by  
Region and Forest Type
Just as forest types and productivity vary from region to region across the 
country, so too does the regional potential for forest carbon sequestration. The 
predominant land-use patterns in different regions also influence what types 
of projects will produce the largest carbon gains. An analysis of the poten-
tial for forest and agricultural management to sequester additional carbon 
above a baseline scenario (Murray et al. 2005) found that at a price of $15/
tCO2e, the South-Central and Midwestern Corn Belt regions of the United 
States would be the center for the vast majority of afforestation potential. 
The analysis also found that the South-Central and Southeast regions of the 
country would provide the largest potential for additional carbon sequestra-
tion through improved forest management. These findings were based on the 
high proportion of timberland ownership by private entities in these regions, 
and the fact that they have large amounts of marginal agricultural and other 
lands that may be converted to forests in carbon offset projects. Outside of the 
Rocky Mountain and South-Central regions of the United States, the primary 
strategy for forest carbon sequestration is predicted to be through improved 
forest management rather than afforestation/reforestation projects (Murray et 
al. 2005). 

The different growth rates and productivity of diverse forest types also 
makes for unique carbon sequestration potentials. Forest types that grow more 
quickly when they are young will also generally accumulate carbon more 
quickly during that time. It is important to note however that achieving opti-
mal carbon sequestration through forest management is not simply a matter of 
growth rate, but of total carbon storage (see sidebar on growth rate vs. carbon 
storage). As forests age, the picture becomes considerably more complicated 
as other pools such as standing dead wood and downed woody debris begin to 
assume larger proportions of carbon stored in forests. Estimates of the carbon 
sequestration and wood products storage potential of different forest types 
throughout the country are provided in yield table form for both afforestation 
and reforestation in Smith et al. (2006). In the West, redwood forests and the 
rain forests west of the Cascades in the Pacific Northwest have the greatest 
sequestration potential.



30

GENERAL TECHNICAL REPORT PNW-GTR-801

practices that may have effects on forest carbon storage. The practices described 
in more detail below encompass the management practices commonly discussed in 
this field of research and other prominent management practices that are regularly 
employed in forestry.

Extending harvest rotation intervals—Forests that grow more and bigger trees 
are generally more effective at sequestering and storing carbon than those that are 
harvested, even when the carbon stored in wood products is taken into account 
(Harmon et al. 1990, see discussion of wood products storage later in this chapter). 
Therefore, the primary means of increasing tree carbon is to allow managed forests 
to grow for longer periods before harvesting them. Lengthening harvest rotation 
intervals allows carbon to accumulate in larger living trees, and reducing harvest 
disturbance can increase carbon storage in dead biomass pools like standing dead 
and downed trees, which are often counted in forest carbon inventories (Harmon et 
al. 2009, Janisch and Harmon 2002, Murray et al. 2005). The concept is straightfor-
ward: bigger trees store more carbon than smaller trees. By extending the time be-
tween harvests, the forest manager allows the forest to grow larger and store more 
carbon. The amount of additional carbon storage that could be added by extending 
rotation intervals will vary depending upon the composition, productivity, and cur-
rent management scheme of each forest. Although longer rotations generally equate 
to higher carbon storage, a 40-year increase in rotation interval may not necessarily 
create twice the additional carbon of a 20-year increase in rotation intervals.

This concept must be understood from the perspective of more than one for-
est stand. At the individual stand level, carbon storage is dramatically reduced by 
harvest removals, and may take many years to recover to preharvest carbon store 
levels following a harvest. It may be hard to imagine that increasing harvest inter-
vals to increase carbon storage will make a difference until the stand grows larger 
than it was when last harvested. When harvest intervals are extended across entire 
watersheds or regions, however, the annual fluctuations in carbon storage caused 
by harvesting in individual stands are dampened, and this practice leads to older 
forests on average at the landscape scale, which can make a substantial contribu-
tion to national carbon sequestration goals and efforts to mitigate climate change. 
Some offset programs combine small landowners into groups so that the effects of 
each individual’s forest management practices add together to make a more obvious 
difference.
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Growth Rate vs. Carbon Storage
Many foresters are familiar with the fact that younger trees usually grow more quickly 
than older trees. This observation is commonly misinterpreted to mean that because 
younger forests are more productive, we should convert older, slower growing forests 
into young forests that can capture carbon more quickly. The reason this strategy has not 
been pursued for carbon sequestration is that the end goal of carbon-oriented manage-
ment is to have more carbon stored in forests (including wood products storage) than was 
there previously—to increase the total amount of carbon stored, not the rate at which 
it is stored. This goal is in contrast to traditional timber management, which strives to 
optimize the rate at which timber (or timber revenue) is produced from a stand. It is 
also important to remember that growing trees are not the only pool of carbon in forest 
ecosystems. In fact, in the average U.S. forest, living trees only contain one-third of 
total ecosystem carbon (Turner et al. 1995). Carbon management in forests thus requires 
consideration of a broader range of pools than are typically considered in traditional 
timber strategies.

Older forests can store significantly more carbon than younger forests. For example, 
a 60-year-old Douglas-fir (Pseudotsuga menziessi (Mirb.) Franco) forest typically 
contains approximately 259 to 274 tonnes of carbon per hectare; the same forest at 450 
years of age can contain over 600 tonnes of carbon per hectare (Harmon et al. 1990). 
Because most of the carbon removed from forests via harvest is lost to the atmosphere 
within several years of harvesting (Smith et al. 2006), the amount of carbon stored in 
wood products will be less than would be gained by continued forest growth, even in 
many highly productive forests. 

Moreover, for years following a clearcut or other high-utilization harvest, the total 
uptake of carbon in the postharvest stand is very low, and is often outweighed by the 
amount of carbon being released from the decomposition of soil organic matter, forest 
floor materials, and harvest residues, causing many postharvest forests to be net emitters 
of carbon to the atmosphere (Janisch and Harmon 2002). When maximum timber yields 
or timber revenues are the goal, short-rotation forestry may be preferred; but when car-
bon storage is the goal, short-rotation forestry, which maintains forests at younger ages, 
will correspond to less carbon storage in trees and wood products compared to longer 
rotation forestry that maintains older forests. Although younger forests commonly grow 
and capture carbon more quickly than older forests, they do not store as much carbon 
as older forests. The goal of carbon sequestration programs (and the policies that enable 
payment for carbon sequestration services) is to store more carbon, and growing older 
forests is one of the most straightforward ways of achieving this goal.
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Partial harvest and reduced utilization—As discussed above, there is typically 
a net carbon benefit to keeping carbon in forests rather than removing it through 
harvesting. In many circumstances, however, harvest strategies can be planned in 
such a way as to provide sustainable timber yields and simultaneously encourage 
carbon sequestration. Disturbance is one of the main causes of carbon release from 
forests to the atmosphere; thus, management practices that reduce harvest-related 
disturbances will lessen the potential for forest carbon loss during and following 
harvest operations. Disturbance effects on ecosystem carbon can be minimized 
through the use of partial harvest techniques (removing part of a stand instead of  
clearcutting all of it), and through reduced utilization by leaving whole or parts  
of cut trees on site during and after a harvest. 

In the Pacific Northwest, at least two forest modeling studies of carbon-oriented 
management that include the wood products carbon pool have found that transition-
ing to partial harvest techniques and reducing slash burning can provide carbon 
storage in wood products that is comparable to that which occurs under clearcut 
harvesting, while dramatically increasing ecosystem carbon storage (Harmon and 
Marks 2002, Harmon et al. 2009). For example, a model of the Douglas-fir–western 
hemlock forest ecosystem showed that a shift from 100-percent clearcutting to a 
partial harvest scenario in which 80 percent of the tree mass was cut and 80 percent 
of the felled boles were removed (the remaining felled boles were left to decompose) 
resulted in significantly higher forest ecosystem carbon stores. In addition, the size 
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of the wood products carbon pool was sometimes larger under the partial harvest 
scenario. Although reducing the percentage of trees cut during a harvest can 
decrease short-term timber yields, the continued growth of forests under carbon-
oriented management may sustain yields over time at a level that is comparable 
to the yields produced under traditional even-age management practices. The 
monetary value of the changes in carbon sequestration and timber yields follow-
ing a transition to carbon-oriented management will vary, depending on site and 
environmental conditions, forest types, existing management practices, and the 
prices of both timber and carbon. Landowners interested in pursuing carbon offset 
opportunities should carefully evaluate the short-term and long-term tradeoffs 
involved in pursing carbon-related forest management.

Reducing dead biomass removal—When trees die in a forest, the carbon they 
contain is not immediately released to the atmosphere. Instead, the carbon held in 
standing and downed dead trees and snags, and in other dead biomass like forest 
floor litter and debris, can persist in the forest for very long periods. Carbon in dead 
and downed biomass is slowly transformed into litter and soil organic matter where 
it continues to decompose over time. In the United States, dead biomass on average 
makes up approximately 16 percent of the total carbon stored in forest ecosystems 
(Turner et al. 1995). In old-growth forests of the Pacific Northwest, dead biomass 
pools can compose as much as 23 percent of total ecosystem carbon (Smithwick 
et al. 2002). These pools represent significant storage reservoirs of carbon that 
are commonly included and measured in many (but not all) offset programs. 
Management practices that involve burning—such as harvest residue removal or 
site preparation—have the potential to dramatically reduce the amount of carbon 
stored in dead biomass pools by releasing it back to the atmosphere. By minimizing 
or ceasing management practices that prevent the natural increase of dead biomass 
over time, landowners can achieve measurable and potentially valuable gains in  
forest carbon storage.

In some environments, high levels of dead biomass may mean increased fire 
risk. Thus, the carbon benefits of leaving dead biomass on site need to be weighed 
against the risk of higher fuel loading. The relationship between fire and carbon 
balance in forests is a complicated one (see discussion of wildfire and prescribed 
fire below). 

Fertilization—In many forest ecosystems, the availability of soil nitrogen and 
phosporus can be the main factor limiting tree growth. In these environments, the 
addition of nutrients through the application of fertilizers or organic amendments 
can enhance tree growth, and in turn, carbon sequestration (Chen et al. 2000, 
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Pregitzer et al. 2008). The key carbon tradeoff in using fertilizers to enrich forest 
soils is the carbon cost of manufacturing, transporting, and applying the fertilizer, 
versus the expected gains in carbon storage following enhanced growth. The 
carbon costs of nitrogen fertilizer production and transport are estimated to range 
from as low as 0.06 kg CO2/kg of ammonium sulfate, and approximately 0.5 kg 
CO2/kg of urea, to as much as 0.65 kg CO2/kg of ammonia; the carbon costs of 
phosphorus and potash fertilizers are typically below 0.1 kg CO2/kg of fertilizer 
(Markewitz 2006). Because the net carbon balance depends on the application rate 
and expected forest growth following fertilization, the use of fertilizer to enhance 
carbon sequestration should be evaluated on a case-by-case basis. For example, a 
relatively heavy application of ammonia fertilizer at 200 kg/ha (~175 lbs/ac) would 
correspond to a carbon cost of 0.13 tCO2e/ha (130 kg CO2/ha). If the expected 
forest growth enhancement is greater than this carbon cost (e.g., if forest biomass 
is increased by more than 70 kg/ha—approximately equivalent to 0.13 tCO2e/ha—
in the scenario above), fertilization may on balance increase carbon sequestration. 
Offset programs may require a landowner to account for fertilizer use by using 
carbon cost estimates different from the ones given here, so fertilization as a 
management strategy should be carefully evaluated. 

Management Practices With Unclear or Unlikely Carbon Benefits
Wildfire mitigation and carbon sequestration—
The frequency and extent of wildfires in the Western United States are expected 
to increase with altered precipitation and temperatures caused by global climate 
change (Westerling et al. 2006). Thus, the management of forests to reduce wildfire 
risks is likely to become a more prominent issue. Wildfire control and mitigation 
is and should be an important component of sustainable forest management, but 
evaluating its effects on carbon sequestration and storage is complex. Because 
fuel treatments and wildfires both cause carbon losses from forests, the challenge 
for assessing carbon balances with regard to wildfire mitigation is to compare the 
carbon cost of expanded fuel treatments carried out in the present to the carbon 
losses from potential wildfires in the future.

The most dramatic impact of wildfire on forests in terms of carbon storage 
is the intense and rapid loss of carbon that occurs during the wildfire. Following 
severe wildfires, carbon loss from forests may persist for decades as large numbers 
of trees killed by the fire decompose and release carbon back to the atmosphere. 
In many cases, the release of carbon from dead trees in the years following a fire 
exceeds the amount of carbon lost during the fire event itself (Dixon and Krankina 
1993, Janisch and Harmon 2002).
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Compared to the carbon sequestration of an unburned forest, the carbon seques-
tration potential lost in severe wildfire can be immense. For example, severely 
burned areas from the Biscuit Fire, a very large fire that burned over 200 000 ha 
(about 494,000 ac) in Oregon in 2002, are estimated to have lost 17 percent of the 
carbon stored in the affected forests, not including the carbon released from soil 
deeper than 10 cm (Campbell et al. 2007). Although this 17 percent may seem fairly 
small for such an immense and severe fire, the authors estimated that the 3 800 000 
metric tonnes of carbon lost, represents over 18 times the annual carbon uptake of 
the preburned forest. Thus, it will take decades before the amount of carbon lost 
from this catastrophic wildfire will be sequestered again by a regrowing forest. 
Nevertheless, although the carbon remaining in snags and large woody debris was 
then exposed to increased decomposition, it is also important to recognize that 
significant amounts of carbon remained in the burned forests (83 percent of carbon 
remains according to estimates by Campbell et al. 2007).

To limit the frequency and severity of wildfires, forests are managed to reduce 
fuel loads. The amount of carbon removed from forests by fuels reduction treat-
ments differs among stands, depending on their fuel loads and associated fire risks. 
Because it is not possible to know precisely where forest fires are going to occur, 
forest managers treat many acres of forests each year. Although it is now clear that 
fuel reduction treatments can reduce the amount of carbon lost should a wildfire 
burn through a treated forest, the treatments that take place in those forests that do 
not subsequently burn cause real carbon losses that need to be considered (Hurteau 
and North 2008, Hurteau et al. 2008, Mitchell et al. 2009). The major question con-
fronting scientists who study the carbon balance of wildfire versus wildfire mitiga-
tion treatments is how to appropriately compare the amount of carbon lost from fuel 
reduction treatments to the amount of carbon likely to be lost from wildfires. This 
is a problem with complex spatial challenges because fuel reduction and wildfires 
occur in different locations and to different extents every year. Relatively few stud-
ies have been published on this topic to date. Those that have been have helped raise 
awareness of the carbon-related aspects of wildfire, but more research is needed 
before a clear and confident conclusion can be drawn about how managing for 
wildfire risks affects forest carbon balances. More references on wildfire mitigation 
and carbon balance can be found in the “Further Reading” section toward the end 
of this document. Prescribed fire and thinning, two common fuel reduction treat-
ments, are addressed below.
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Prescribed fire—
Prescribed fire can be a quick and effective way to remove harvest residues and 
woody debris to reduce fuel loads or prepare sites for planting and other silvicul-
tural activities. However, a significant amount of carbon stored in dead—and to 
a lesser extent in live—biomass pools is immediately released to the atmosphere 
by the use of prescribed fire. The ability of prescribed fire alone to reduce the risk 
of carbon loss from wildfire is generally not great enough to compensate for the 
amount of carbon emitted from repeated applications of prescribed fire over the 
life of a stand. Scientific evaluation of prescribed fire suggests that allowing a 
wildfire to burn a forest produces fewer carbon emissions than the repeated applica-
tion of prescribed fire needed to mitigate wildfire risk (Hurteau and North 2008). 
Therefore, although it may offer some protection against wildfire occurrence, pre-
scribed burning does not appear to offer an overall carbon benefit, and is not likely 
to be supported in carbon offset programs as a management tool to increase carbon 
sequestration or storage in forests. Some standards may factor in considerations of 
prescribed fire to reduce the risk of wildfire-related carbon losses, but documenta-
tion of emissions associated with prescribed fire may be required.
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Thinning—
Forest thinning is commonly used to meet a variety of management goals. Thinning 
to remove and utilize trees that would otherwise be suppressed and die may make 
sense in terms of timber yield, but in terms of carbon storage, the effect is not as 
clear. All of the carbon in a tree is not immediately lost once the tree dies. Larger 
trees that are suitable for use as long-term wood products may retain significant 
levels of carbon over time. One study estimated softwood saw log use in the Pacific 
Northwest resulted in retention of 49 percent of the carbon originally contained in 
the rough log 10 years after harvest, and 23 percent 50 years after harvest (Smith et 
al. 2006). When small-diameter trees that are not useful for long-lived wood prod-
ucts are thinned, the amount of carbon lost to the atmosphere is greater. If thinned 
biomass is used as a source of renewable energy generation to offset fossil fuels, the 
net carbon balance may be more favorable (see sidebar).

Forest growth is central to carbon sequestration; thus, the role of thinning in 
stand development deserves closer attention in order to understand its effects on 
the carbon balance of forests. The removal of trees from a stand is well known to 
enhance growth among the trees that remain in the stand because it reduces compe-
tition for scarce soil nutrients, water, and sunlight (Langsæter 1941). Although this 
effect is well established, it is often misinterpreted to imply that the total growth 
rate of the forest will increase as a result of thinning. Instead, a common outcome 
of thinning is that it concentrates growth among fewer trees. In the short term, 
tree removal reduces the amount of leaves that are present in the forest to capture 
carbon and sunlight. As the remaining trees grow new leaves and branches and take 
advantage of new gaps, water, and soil nutrients, the growth rate of the forest stand 
approaches the rate it experienced prior to thinning. Thinning does not commonly 
cause a direct increase in total forest biomass growth, or in carbon sequestration 
(Schroeder 1991). In cases where forests are densely overstocked, thinning may 
lead to increased biomass growth and carbon storage, but this is an exception to the 
general rule (Cooper 1983, Finkral and Evans 2008). 

The carbon balance associated with thinning is directly tied to the growth rate 
of a particular stand and the fate of the trees harvested from it. Typically, the more 
the thinned trees are used for long-lived wood products and biofuels, the less the 
carbon losses from thinning. Leaving stands unthinned typically supports greater 
total carbon storage, but the use of thinning to achieve other management goals can 
still be a part of carbon-oriented forest management. 
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Biomass Energy and Biofuels
The use of forest biomass as a renewable energy source has received renewed 
attention and interest in recent years (Malmsheimer et al. 2008a). There is cur-
rently considerable interest in utilizing forest biomass removed through wildfire 
mitigation thinning treatments to not only enhance financing for fuel reduction 
treatments, but to support the development of sustainable energy production, 
and to support natural-resource-based economies in rural communities. Many of 
the climate change policies currently being discussed in Congress include some 
efforts to incorporate forest biomass into renewable energy standards. Although 
biomass for fuels is a very promising avenue for diversifying and increasing rev-
enue for forest landowners, the relationship between biomass energy and carbon 
markets is generally not a direct one that can be made by landowners. Specifically, 
although biomass use for energy may qualify for carbon offset crediting in some 
standards, it is typically treated as a renewable energy offset rather than as a land 
management-based offset, the focus of this document. Thus, the generation of 
offset credits from biomass energy will go to the energy producer that uses the 
biomass, as opposed to the landowner who provides the forest biomass for use as 
energy. The carbon accounting methods used with biomass energy are beyond 
the scope of this document. Nevertheless, the use of removed biomass for energy, 
particularly in circumstances where thinning or other harvesting treatments are 
already planned, may offer renewed opportunities for landowners to sell forest 
products as a source of energy and simultaneously contribute to climate change 
mitigation, whether or not they directly receive carbon credits.
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Timber Harvesting and Carbon Storage in Wood Products
Managing forests to promote carbon sequestration is to some extent compatible 
with traditional forest management to produce wood products, but there are several 
important distinctions. From a carbon perspective, timber harvesting fragments 
aboveground biomass pools and moves them to different locations both on and off 
site. Branches, leaves, and in some cases tree trunks—and the carbon they con-
tain—remain on site following harvest, where they are exposed to natural decom-
position processes or treated during site preparation practices. One study in the 
Pacific Northwest revealed that emissions from common industrial timber harvest 
and site preparation management may correspond to as much as 12.5 percent of the 
carbon stored in these managed forests (Sonne 2006). 

Biomass that is harvested will be transformed into a variety of wood products. 
When harvested trees are processed into wood products, approximately 40 to 60 
percent of the carbon they contain is released back to the atmosphere (Harmon et 
al. 1996). The remaining 40 to 60 percent of the carbon flows into and is stored in a 
wide range of wood products, such as paper and lumber. Short-lived wood products 
typically have a shorter lifetime than biomass that is left to decompose in the forest. 
However, some forest biomass may be incorporated into long-lived wood products, 
such as wood in houses, where their carbon may be stored for long periods compa-
rable to the lifetime of decomposing tree trunks in forests. 

Because there are significant losses of carbon when trees are processed, and 
because most wood products have shorter lifetimes than trees, trees in forests are 
more efficient for carbon storage and sequestration than wood products. Therefore, 
most carbon sequestration guidance from scientific bodies prioritizes the accumula-
tion of carbon in live and dead forest trees as a prerequisite to including carbon 
storage in wood products as a valid method of sequestering carbon and mitigating 
climate change (Nabuurs et al. 2007). Timber harvesting and carbon sequestration 
are not mutually exclusive, however. Well-managed forests may be grown both as a 
source of wood products and for carbon sequestration benefits (Malmsheimer et al. 
2008c). We do not expect forests to be managed for carbon sequestration alone. The 
point remains, however, that forests left undisturbed by harvest will typically have 
higher levels of carbon storage than harvested forests, even when accounting for 
carbon storage in wood products. Ultimately, the balance between carbon storage 
and timber removals will be determined by landowners with access to viable timber 
and carbon markets. 

In theory, substituting wood products for other more carbon-intensive building 
materials (such as concrete and steel) may prevent emissions associated with the 
production of those materials. In many studies, this “substitution effect” is used to 
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argue for a higher potential for the use of wood products to offset or reduce GHG 
emissions. If this substitution effect is not included, there is usually a clear carbon 
benefit to keeping carbon in intact forests (see sidebar on wood products substitu-
tion).

Several offset programs (such as Kyoto’s CDM) have treated carbon removed 
through timber harvesting as though it were immediately released to the atmo-
sphere. This view ignores the nontrivial amount of carbon that can be stored in 
long-lived wood products, and discourages timber harvest in general. Other offset 
programs have methods for estimating the amount of harvested carbon that persists 
in the form of long-lived wood products. For landowners interested in pursuing 
forest offsets, it will be important to consider how different standards treat carbon 
in long-lived wood products.

Wood Products Substitution 
Many discussions of forest management for carbon sequestration will 
commonly refer to the potential for wood products to be used as a substitute 
for more carbon-intensive materials such as concrete and steel. Many authors 
addressing this comparison commonly argue for increased use of wood 
to replace these other construction materials (Malmsheimer et al. 2008b). 
Although the debate on the proper carbon accounting methods for wood 
products substitution is still ongoing, wood products substitution as a climate 
change mitigation strategy is not likely to provide a direct link for landowners 
to carbon markets. The substitution of wood products for other materials 
is very difficult to document and quantify, and no consensus has emerged 
on how this may be approached. Ultimately, however, any potential carbon 
crediting opportunities from wood products substitution in the future would 
accrue to those who make the decision to switch to wood rather than other 
materials. As landowners providing wood products to the timber market are 
not involved in these decisions, they will be unable to claim responsibility for 
any carbon offsetting or crediting resulting from these decisions.
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General Conclusions on Forest Carbon Sequestration 
The wealth of research that has gone into forest growth and management over the 
past decades provides a strong foundation for understanding how forest carbon 
sequestration can contribute to climate change mitigation. In general, forests offer 
a unique opportunity for biological carbon sequestration that is relatively easy 
to document, and that commonly provides a variety of other ecosystem services. 
Although there remain many contentious issues surrounding accounting practices 
and the scientific basis for optimal use of the many resources forests provide, our 
current understanding of carbon cycling enables forests to assume a key role in 
efforts to address climate change, and will likely continue to do so for decades to 
come. The potential for carbon financing to serve as a revenue stream for forest 
owners creates a new opportunity to support the sustainability of diverse forest 
ecosystems and the people and economies that rely on them.

Rangeland Management
Most of the carbon in rangeland ecosystems is found in soil. Carbon storage in soil 
changes more slowly and unpredictably than carbon storage in plants. Rangeland 
carbon sequestration therefore typically (but not always) focuses on increasing 
carbon inputs to soils, or decreasing carbon losses from soils. Our scientific under-
standing of soil carbon uptake, storage, and release in rangeland ecosystems is not 
as clear as it is for plants in forests. However, the processes governing carbon inputs 
and outputs in semiarid and arid rangelands appear to be dominated by the amount 
and timing of rainfall (Conant and Paustian 2002, Gilmanov et al. 2006, Huxman 
et al. 2004). Many rangeland environments shift from being carbon sinks to carbon 
sources seasonally, and from year to year (Svejcar et al. 2008). 

Carbon sequestration research in rangelands is a relatively new field. Scientists 
have begun to evaluate range management practices and their carbon benefits, but 
more study is needed to improve our understanding of how these practices affect 
rangeland carbon balances. The relatively small body of research on the effects 
of range management practices on carbon balances significantly limits our ability 
to predict which practices will lead to carbon storage or release from rangelands 
over time. Therefore, the discussion of range management practices presented 
here draws on the current understanding of carbon cycling from soil science in 
inferring whether activities might be expected to increase or decrease soil carbon. 
Further study of the ecological drivers of carbon balance in soils, and of the effects 
of range management practices on soil carbon, are needed to verify many of these 
inferences. 
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One challenge in rangeland carbon science is that change in soil carbon is 
difficult and costly to measure. As a result, many studies of common range manage-
ment practices and carbon balance to date have either produced conflicting results, 
or have failed to demonstrate clear carbon benefits. Adding to these problems is the 
difficulty of generalizing findings from one study site to broader areas and differ-
ent grazing environments; a number of environmental variables change from one 
range ecosystem to another, and these differences can have important consequences 
for rangeland carbon balances. Because the science is still developing, our current 
understanding of how best to manage these landscapes for carbon is comparatively 
limited. With that in mind, we do not present the management practices discussed 
below in clear groups distinguishing those that are known to sequester carbon 
from those that are not because there is not yet enough scientific certainty to draw 
these major distinctions for many management practices. Instead, we discuss 
management practices by theme: those that are primarily concerned with grazing 
management, plant community management, and finally soil conservation and 
amendments. The ordering among and within sections does not imply any hierarchy 
of scientific certainty or the validity of any of the practices discussed for sequester-
ing carbon.

Although this discussion focuses solely on carbon balance issues, the other 
environmental values associated with these management practices should not be 
overlooked. For example, improved soil water storage and filtration capacity, soil 
fertility, and erosion control are known to correspond to increases in soil carbon 
storage. Although these values may not be explicitly rewarded through carbon 
offset credits, they are environmental benefits that generally contribute to sustain-
able land management, and hold potential for participation in emerging markets for 
other ecosystem services. Carbon is only one factor among many that should be 
considered in sustainable range management.

Grazing Management
Practicing sustainable grazing—
Grasses (their roots in particular) are the main source of carbon input to soils in 
grazing environments. The level and duration of grazing on a rangeland affects the 
production of grasses there. It follows that the control of grazing to maximize plant 
productivity can potentially lead to higher inputs of carbon to soils and increase 
carbon storage over time (Frank et al. 2002). Unfortunately, studies examining 
the effects of various grazing strategies on soil carbon storage have produced 
conflicting results, making it impossible to recommend specific stocking rates or 
utilization rates that will encourage carbon sequestration (Milchunas and Lauenroth 
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1993, Reeder et al. 2004, Rice and Owensby 2001, Shrestha and Stahl 2008). 
Nevertheless, it is clear that utilization rates that exceed sustainable levels and 
decrease plant productivity over time place the carbon stored in the soils and plants 
of grazed ecosystems at higher risk of loss. Unsustainable grazing reduces long-
term plant productivity and thereby reduces carbon uptake by the ecosystem while 
simultaneously increasing the risk of erosion and decomposition of soil organic 
matter. All of these outcomes, in turn, affect the long-term capability of rangelands 
to support grazing animals, diverse wildlife habitat, and other environmental 
services. Although it is difficult to model or predict the effects of small changes in 
grazing activities on soil carbon, once overgrazing begins to affect plant productiv-
ity, the potential of rangelands to capture carbon is progressively reduced, and the 

Soil Inorganic Carbon
Most scientists and carbon offset programs considering soil carbon sequestra-
tion typically focus on the storage of soil organic carbon only (i.e., carbon 
derived from living and formerly living things). Carbon also exists and cycles 
through soils in inorganic forms. Inorganic forms of soil carbon may be 
particularly abundant in arid and semiarid environments. For example, soil 
inorganic carbon is commonly observed as white salt crusts in soil known 
as carbonates. There have been several studies investigating the effects of 
management practices such as irrigation on the occurrence of soil carbon-
ates (Entry et al. 2004, Eshel et al. 2007, Sartori et al. 2007, Wu et al. 2008). 
Although the chemical reactions producing these carbonates are fairly well 
understood, there is considerable disagreement among scientists about 
whether the formation of these crusts represents a net release or net uptake of 
GHGs from the atmosphere (Lal et al. 2000). Calculating carbon sequestration 
in inorganic forms is complicated, and there is currently no consensus among 
soil scientists about how to do so. The significant measurement challenges 
as well as the fundamental lack of agreement over whether carbonates rep-
resent a net storage or net release of carbon will likely hinder the inclusion 
of inorganic soil carbon pools in future offset programs. The slow rate of 
soil inorganic carbon accumulation and the apparent difficulty of controlling 
changes in it through management decisions have led researchers in the field 
to conclude that soil inorganic carbon is not a viable avenue for land-based 
sequestration (Eswaran et al. 2000, Suarez 2000).
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risk of carbon loss (and the loss of other environmental services) progressively 
increases (Conant and Paustian 2002). The net effect of unsustainable overgrazing 
on soil carbon storage is long-term carbon loss (Lal 2004a).

Rotational vs. continuous grazing—
A recent survey by Briske et al. (2008) found that there has been very little research 
comparing the effects of rotational and continuous grazing on carbon balances. 
Most of the research to date has focused instead on how these management strate-
gies affect forage condition and animal productivity. Until the carbon effects of 
these grazing strategies are measured and reported, it is not possible to provide 
a scientifically based assessment of the benefits of continuous versus rotational 
grazing for sequestering carbon in rangeland plants or soils. Despite this lack of 
scientific evidence and the high level of uncertainty surrounding the carbon bal-
ances associated with these practices, some carbon offset programs require the use 
of one strategy over the other. For example, up until August 2009, CCX required 
ranchers participating in their program as offset providers to practice rotational 
grazing, although they have since removed that requirement and now only demand 
the completion of a formal grazing plan.
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Stocking rates—
Research considering the relationship between stocking rates and rangeland 
carbon balances has found dramatically conflicting results. Some research has 
shown that high stocking rates (including but not limited to use in a short-duration, 
high-intensity grazing system) may increase carbon storage compared to light or 
no grazing (Owensby et al. 2006, Reeder et al. 2004). A review of many studies 
around the world suggested that excessive utilization reduced the carbon sequestra-
tion achieved by many grasslands and that the capacity to restore these grasslands 
to higher sequestration by reducing utilization rates improved with increasing 
amounts of annual precipitation (Conant and Paustian 2002). Still other research has 
found that grazing does not affect soil carbon sequestration, regardless of intensity 
(Lecain et al. 2000, Shrestha and Stahl 2008). These conflicting results are not 
simply a product of comparing research in different ecosystems. Studies conducted 
in tallgrass, shortgrass, mixed grass, shrub-steppe, and other grazing ecosystems 
around the world have also found conflicting results (Conant and Paustian 2002, 
Milchunas and Lauenroth 1993). This high level of uncertainty makes it difficult to 
predict the carbon benefits of low versus high stocking rates. The main exception 
to this uncertainty is where grazing is practiced at unsustainable levels that reduce 
plant productivity over time, as described above.  

Plant Community Management
Organic amendments— 
Organic amendments, such as manure and biosolids (municipal waste), are 
nonsynthetic materials that may be applied to the land for a variety of reasons. 
Rangeland soil amendments have been primarily investigated for their potential to 
mitigate erosion or to enhance nutrient availability for grass production. Studies 
that have measured how the application of organic materials to soils affect soil 
carbon have often found a positive response, with organic amendments leading to 
measurable changes in soil carbon storage (Conant et al. 2001, Follett et al. 2000, 
Moffet et al. 2005, Paschke et al. 2005). Soil amendment applications have also 
shown other rangeland benefits, including increased plant production and decreased 
erosion over time (Martinez et al. 2003, Meyer et al. 2004, Pierce et al. 1998, 
Walter et al. 2000). It is unclear, however, whether organic amendments actually 
enhance carbon sequestration following their application, or whether the increased 
soil carbon storage observed is due to remnant carbon from the organic materials 
themselves (Conant et al. 2001). 
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Because quantifying the carbon benefits of organic amendments is complex, 
regulators and other carbon market participants may be hesitant to recognize and 
accept organic amendments as a quantitatively verifiable means to sequester carbon 
in soils and as a management practice that should qualify for carbon offsetting. 
Moreover, the use of some organic amendments is controversial from a carbon 
perspective. For example, in the case of farmed land, adding manure to fields is a 
less efficient way of returning plant carbon to soils than simply leaving cows out 
of the equation altogether; the simplest and most direct way to introduce carbon to 
farm soils is to retain existing plant tissues to decay in the field, or to return dead 
plant material directly to the land. The diversion of plant tissues from farm land to 
feed animals that produce the manure in turn leads to a variety of other emissions 
and environmental issues (Schlesinger 2000). The policy debate surrounding such 
calculations is outside the scope of this document; such debate highlights some of 
the contentious issues surrounding management actions that may have local carbon 
benefits but raise larger environmental and policy questions.

Encouraging woody encroachment or forest growth—
The expansion of woody plants such as shrubs and trees onto landscapes previously 
dominated by grasses is a topic of particular interest for scientists investigating 
carbon cycling (Pacala et al. 2001). The encroachment of woody vegetation onto 
rangelands is a widespread phenomenon across the Western United States, and the 
effects of this shift on ecosystem carbon balances have been investigated in several 
locations, with mixed results (McKinley and Blair 2008, Smith and Johnson 2003). 
Woody plants commonly contain more of their carbon in aboveground plant tissues 
than do nonwoody plants; this fact may place sites with higher levels of woody 
encroachment at greater risk for carbon losses to wildfire should they burn. In con-
trast, in grassland ecosystems, significant amounts of plant production take place 
below ground in roots, which, as they die and decompose, can lead to the forma-
tion of soils high in carbon content. A key question is whether the replacement of 
grasses with woody plants that hold more carbon above ground and put less below 
ground will lead to a net gain or net loss of carbon for the ecosystem as a whole. In 
cases where woody encroachment is dense enough to lead to forest establishment, 
the carbon gains above ground are likely to compensate for any potential losses 
below ground. This phenomenon would generally be considered afforestation rather 
than woody encroachment. In situations where woody encroachment is sparse, its 
effects on the carbon balance appears to depend on other variables such as precipi-
tation and the distribution and productivity of the resulting plant community. For 
example, a review of several studies conducted by Jackson et al. (2002) found that 
woody encroachment on wetter sites receiving 660 to 1070 mm/yr precipitation 
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resulted in a net carbon loss to the atmosphere, whereas woody encroachment on 
drier sites receiving 230 to 322 mm/yr resulted in net carbon sequestration. This 
area of research is still young, and further study is necessary to make general 
predictions about the direction and size of shifts in carbon storage following woody 
encroachment.

Revegetating bare ground—
Plants are the primary vehicle for adding carbon to terrestrial environments. It 
follows that increasing plant cover or productivity should lead to increased carbon 
inputs to soils. In some circumstances, however, increased plant productivity may 
also lead to increased decomposition, resulting in no net carbon gains. In the case 
of bare ground, on balance, revegetation is a means not only to prevent soil erosion 
and land degradation, but to increase vegetation and soil carbon storage. To date, 
most of the research investigating revegetation by planting grass and vegetation 
control has taken place in the context of converting marginal agricultural lands to 
grasslands, rather than range management (Derner et al. 2005). Studies examin-
ing the restoration of agricultural fields to grasslands have shown that doing so 
increases carbon storage by replenishing some of the carbon lost from years of 
soil disturbance through tillage and erosion. More research is needed to quantify 
and characterize changes in the carbon balance resulting from revegetation of bare 
ground in rangeland environments, but preliminary results from agricultural soils 
suggest that planting grass may help to increase soil carbon storage. One example 
of how bare ground can enter into carbon considerations on rangeland project areas 
is through requirements from CCX that devegetated areas surrounding prairie dog 
towns not be counted toward acreage that is sequestering carbon (Graham, T. 2009. 
Personal communication, Aeroscene Land Logic). 

Invasive species control—
The spread of invasive species on rangelands in the West has become a major con-
cern for range managers, and will likely continue with the changes in temperature 
and precipitation that are predicted to occur with climate change. Invasive species 
such as cheatgrass (Bromus tectorum L.) can establish monocultures rapidly, out-
competing more desirable species for forage, and leading to dramatic increases in 
wildfire frequency that can, in turn, lead to long-term exclusion of other species not 
adapted to frequent fires. The increased occurrence of fire has led some researchers 
to be concerned about the release of GHGs to the atmosphere from the burning of 
plants, and to an interest in determining the effects of these invasions on ecosystem 
carbon storage. Although the results have not always been statistically significant 
when comparing between cheatgrass and native steppe and grassland communities, 
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several studies have shown cheatgrass invasion to result in considerable carbon 
losses from aboveground plant biomass, particularly in sagebrush communities 
following fires, with the potential to shift these environments from net carbon sinks 
to sources (Bradley et al. 2006, Norton et al. 2004, Prater et al. 2006). Although 
the invasion of cheatgrass represents a concern for increased carbon losses from 
invaded communities, the ability to affect the carbon balance in these environments 
is complicated by the difficulty in preventing cheatgrass invasions as well as in 
restoring invaded areas to native plant cover. Further efforts to prevent and control 
these invasions, and research on how to do so, are needed for a number of environ-
mental reasons.

Prescribed fire—
Wildfire in rangeland environments can exert a strong influence on the type and 
abundance of vegetation that grows there over time. Wildfire risk stems from 
the nature of the fuels present and wind and moisture conditions, which may be 
altered as climate change progresses. The increase in wildfire occurrence in many 
ecosystems over the past decade has led to management actions like fuel removal 
and prescribed burning that aim to reduce the severity of fires in these ecosystems. 
Although rangeland wildfires can release a significant amount of carbon to the 
atmosphere, they do not appear to affect long-term ecosystem carbon storage in 
rangeland environments (Davies et al. 2007). This is because fires do not signifi-
cantly change belowground carbon storage, and the largest reservoir of carbon in 
rangelands is located below ground. Despite this lack of long-term observed effects, 
offset programs may require the removal of burned acreages from consideration for 
crediting for carbon sequestration for a specific number of years. For example, CCX 
excludes burned acres from counting for carbon crediting in the year they burn 
(Graham, T. 2009. Personal communication, Aeroscene Land Logic). Ultimately, 
the use of prescribed fire in rangeland environments does not appear to offer any 
distinct carbon benefits compared to allowing wildfires to burn. The lack of clear 
carbon benefits associated with prescribed burning make this practice unlikely to 
qualify for offsetting as a carbon sequestration strategy.

Soil Conservation and Amendments
Erosion control—
Just as erosion removes soil from a site and transports it to a depositional area or 
body of water, erosion also moves the carbon contained in soil from one place to 
another. Surface soils are higher in organic matter, carbon, and nutrients for plant 
growth than deeper soil layers. Consequently, surface erosion leaves the eroded 
environment less capable of supporting a thriving plant community and other 
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important ecosystem functions. Erosion can also negatively affect other areas—for 
example, by increasing sediment loads in streams and rivers, which can interfere 
with critical biological processes there. Thus, it is apparent for reasons unrelated  
to carbon sequestration that the control of soil erosion is important for sustainable 
land management in the United States and around the world.

Although the process of erosion is well known to negatively affect the soil 
environment and related ecosystem processes in the places where soil is lost, there 
is much disagreement among experts on how erosion affects local, regional, and 
global carbon balances (Harden et al. 2008; Lal 2003; Lal and Pimentel 2008; Lal et 
al. 2004a, 2004b; Renwick et al. 2004; Smith et al. 2001; Stallard 1998; Van Oost et 
al. 2004, 2007). The debate has focused primarily on agricultural fields rather than 
rangelands because soil erosion is a common problem associated with farming. The 
major difficulty in evaluating how erosional processes affect the carbon balance 
of soils is determining how quickly carbon can be replaced by plant growth, and 
whether the movement, deposition, and burial of eroded sediments in basins or 
water bodies actually reduces its decomposition rate.

At smaller scales, the issue of erosion is more straightforward. Locally, the 
removal of soil through erosion commonly causes its transport to another site 
located beyond a given landowner’s property boundaries and control, potentially 
leaving behind bare ground or areas with sparse vegetation or low productivity. 
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This represents a clear loss for the landowner not only of the carbon contained in 
the eroded soil, but also of important ecological functions provided by the soil. 
Lands used for carbon offset activities that include soil carbon in their measure-
ments will therefore benefit from the prevention of soil erosion through good soil 
management practices. When eroded soils are redeposited onsite, it is more chal-
lenging to calculate the resulting site-specific carbon balance.

In general, GHG policies are concerned with carbon balance questions at much 
larger scales than that of individual properties. It is therefore unclear whether 
carbon sequestration standards or policies will recognize erosion control as a means 
to avoid carbon loss, and as a stand-alone land management practice eligible for car-
bon credits. Regardless, erosion control remains an important strategy for sustain-
able land management, and should not be considered solely a carbon issue.

Irrigation—
Irrigation is a method commonly used to enhance plant growth, particularly in 
environments where water is the most limiting plant resource. Although most of the 
research on irrigation and carbon balance has focused on croplands, and to a lesser 
extent on pasture lands, the high carbon costs of developing irrigation systems 
make the limited gains that might occur from enhanced plant growth in rangelands 
unlikely candidates for carbon sequestration offsets in markets. The construction of 
irrigation systems and the pumping of irrigation water require the use of materials 
and energy that release GHGs to the atmosphere (Lal 2004b, Schlesinger 2000). 
Furthermore, water removed from belowground reservoirs can have CO2 concen-
trations more than 25 times atmospheric levels. When this water is brought to the 
surface, most of this CO2 leaves the water and returns to the atmosphere (Martens 
et al. 2005). Although some research in croplands has shown a potential for carbon 
sequestration following irrigation, few studies have included the carbon costs of 
establishing and running the irrigation system. Schlesinger (2000) estimated that 
irrigation to increase plant production in semiarid and arid environments often 
leads to a net release of carbon to the atmosphere. Simply put, the carbon costs of 
irrigation are difficult to recoup through the slow and indirect process of soil carbon 
sequestration. Ultimately, the practice of irrigation in arid and semiarid rangeland 
environments appears unlikely to produce enough soil carbon gain from increased 
plant growth to overcome the significant carbon costs of building and operating the 
irrigation system. 
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Nitrogen additions—
In many plant communities, nitrogen is the most limiting nutrient for plant growth. 
Adding nitrogen to soils would therefore seem like a straightforward way to stimu-
late plant growth and thereby encourage soil carbon sequestration. In the case of 
synthetic fertilizers, the GHG emissions associated with producing, transporting, 
and applying them compete against the increased carbon uptake rates enabled by 
fertilization. Some studies of the use of synthetic fertilizers have shown modest 
carbon sequestration gains in agricultural soils, but few have weighed these gains 
against the GHG emissions costs associated with using the fertilizer (Schuman 
and Derner 2004). Other studies have found either no change in soil carbon from 
nitrogen fertilization, or that the carbon costs of fertilizer use outweigh any carbon 
sequestration benefits (Schlesinger 2000, Verburg et al. 2004). 

Introducing plants such as legumes that naturally fix nitrogen to rangelands 
is one means of increasing nitrogen in soils to promote plant growth and carbon 
sequestration. However, the leading studies to date on the effects on soil carbon 
have not shown convincing results. One study in South Dakota showed some 
increase in soil carbon stores with alfalfa seeding, although the results were not 
always significant (Mortenson et al. 2004). In a study in Wyoming, seeding with 
alfalfa did not produce significant changes in soil carbon storage (Robles and Burke 
1997). Based on these findings, it remains uncertain whether the use of nitrogen-
fixing plants such as alfalfa is a reliable way to sequester carbon.

General Conclusions on Rangeland Carbon Sequestration
The science of carbon cycling in rangelands is a relatively new field, and consider-
able additional research is necessary to enable reliable quantification of manage-
ment effects on carbon storage. In general, carbon sequestration occurs more slowly 
and is more complicated and costly to measure and monitor in soils than in plant 
pools. Despite these apparent hurdles, many scientists believe there is a significant 
potential for sustainable rangeland management to complement other offset types 
at mitigating climate change (Follett et al. 2000). Compared to opportunities for 
forestry, the carbon market currently offers relatively few standards for rangeland 
management. Nevertheless, sustainable rangeland management will be an important 
component of adapting to climate change throughout the world, and opportunities 
for ranchers to participate in carbon markets will likely continue to emerge and 
evolve. 



52

GENERAL TECHNICAL REPORT PNW-GTR-801

Common Questions About Market Participation
The following questions cover what we anticipate will be the major issues of 
interest to landowners and project developers who are considering carbon market 
participation. The list is not comprehensive, but provides basic information and 
direction towards further resources where appropriate.

Which Offset Program Should a Landowner or  
Project Developer Choose?
Although many offset standards have been developed with similar goals and 
requirements, each standard is unique and may yield different results for your 
project. If you begin a project with the expectation of selling credits through 
voluntary OTC transactions, you can expect different standards to correspond 
to different prices for offset credits. Web links to references that compare some 
of the standards are provided in the “Further Reading” section at the end of this 
document. Some of the questions that should be asked when choosing an offset 
standard or trading program include:

• What activities are eligible? 

 As indicated in table 1, different offset programs allow different types of 
activities. The standards are evolving, and the most current version of the 
standard should be consulted to determine what management activities are 
eligible under a particular standard.

• Is an existing forest or rangeland environment or management plan in 
line with the standard?

 Some standards place restrictions on the types of forest or rangeland that 
can be enrolled in a program. For example, CCX has a list of counties and 
precipitation zones that a range management project must fall within to 
participate. Rangelands lying outside of these zones are excluded. The CAR 
forestry project protocol requires maintenance of diverse forest age classes 
and has minimum requirements for native species planting and diversity. 
Finally, every standard defines “forest” and “rangeland” in a slightly differ-
ent way. It is important to make sure that your land and management plan 
are compatible with the standard.

• Does a landowner’s property have enough sequestration potential to 
enter a project on its own?

 The smaller the area, or the lower the productivity of land being managed 
for carbon sequestration, the more likely it is that you will have to seek 
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the assistance of an aggregator. Smaller landowners will commonly find 
that their carbon sequestration activities may not provide enough income 
to support the costs of verification and other expenses and program fees. 
Some offset programs also have a minimum sequestration amount for par-
ticipation. This requirement may lead to a minimum threshold of acreage 
for landowners to participate without the assistance of an aggregator. The 
aggregation of projects reduces the financial hurdle for each landowner 
by combining verification and monitoring expenses, as well as other fees 
assessed for market entry and participation.

• What are the requirements for carbon measurement and monitoring, 
and how much do they cost?

 The methods required for measuring and monitoring carbon storage may 
differ among standards and are continuing to evolve over time. Most stan-
dards have been designed to balance the costs of measurement against the 
need for precise and accurate inventories. In forestry projects, the shift 
from a traditional timber inventory to a carbon inventory may or may not 
require the field measurement of additional carbon pools not traditionally 
counted but commonly includes estimates of the amount of carbon stored 
in wood products. Each program will mandate how and when inventories 
should be conducted and have guidance on acceptable sampling error. The 
cost of a carbon inventory for forestry projects can be expected to be at 
least as expensive as that of a traditional timber cruise and will likely be 
somewhat higher, depending upon the program’s requirements. Most pro-
grams will also require some form of annual or periodic monitoring and 
reporting to describe intentional or unintentional changes to the project’s 
carbon stores, including natural disturbances, shifts in harvesting strate-
gies, or increased confidence from further inventories. The cost of monitor-
ing and reporting will differ among offset programs depending upon the 
role of third-party verifiers and how frequently monitoring updates must be 
submitted.

• Are there any land use restrictions? How are they enforced?

 To discourage landowners from abandoning their carbon-oriented man-
agement plan following enrollment in an offset program, landowners may 
be required or encouraged to implement a conservation easement or other 
land-use restriction to guarantee the permanence of stored carbon on their 
lands. These restrictions may or may not stay with the land following its 
sale or transfer to another owner. The contract terms for how long the 
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land must stay enrolled will vary from program to program, and can be an 
important issue in determining which standard best fits your management 
goals. Because many offset programs are very young, there is not a clear 
record of procedures for enforcing program rules or addressing noncom-
pliance. Most programs rely on the use of contracts between landowners 
or project developers and the credit-issuing organization (i.e., a registry or 
standards organization). The general expectation is that enforcement will 
be based on legal actions resulting from failure to comply with contractual 
obligations.

How Long Does it Take to Sequester Enough Carbon to  
Register and Sell Carbon Credits?
Depending upon the nature of the project and the accounting procedures used by 
each standard, carbon credits may be generated in the first year of a project. Some 
standards may recognize (explicitly or indirectly) the carbon storage achieved by 
early actors. Depending upon the arrangement used to sell credits, income streams 
can vary widely. The significant upfront costs of many projects (particularly forest 
planting) make forward selling of credits a particularly useful strategy. By creat-
ing a contract with a buyer that commits the seller to deliver credits once they 
become available (i.e., are verified and/or registered) from the project, offset project 
developers may tap into some of the value of those credits to meet startup or other 
expenses. Most projects should be able to start generating income beginning in the 
first years of the project, but both the rate of growth and total expected additional 
growth of the forest may have a direct impact on how much money can be expected. 
Ultimately, the cashflow associated with carbon offset projects is highly dependent 
upon the arrangements made between the project developer and offset buyers as 
well as the current forest condition and potential for growth.

At What Point in This Process Will Payments for Offset  
Activities Occur?
As mentioned above, a variety of arrangements can be made between buyers and 
sellers of offset credits. Credits may be committed to buyers through forward sales 
or may be sold to buyers after they have already been verified and registered. Note, 
however, that verification and registration of offset activities does not guarantee any 
particular price for the credits or that the credits will even necessarily be purchased. 
Although verification and registration of offset activities may increase the visibility 
of the credits generated, it is up to the landowner or project developer to make con-
nections with potential buyers who would then purchase the offset credits. 
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Are There Any Time Constraints on Selling Carbon Credits?
In some trading programs, carbon credits may expire after a certain period of time, 
so it is important to consider when and how you are planning to sell your credits. 
Over-the-counter transactions have been the most popular venue for trading carbon 
credits in voluntary markets (compared to CCX), and can have different prices from 
contract to contract. Compliance markets (e.g., RGGI, WCI) have one price for 
carbon that will change over time based on the supply and demand of allowances 
and credits.

How Much Does Third-Party Verification and Posting With a 
Registry Cost?
Third-party verification is paid for by the project developer or landowner and can 
be one of the largest single expenses of the project. Estimates of the cost of verifica-
tion for forestry standards range from $2,000 to $40,000, depending on the stan-
dard used, the amount of land to be verified, and the type of project (Merger 2008). 
Many registries or offset programs also charge a fee for posting a project’s credits 
to the registry. These fees differ from program to program and can be flat fees or a 
set percentage of each registered credit. 

Will Managing a Forest for Carbon Sequestration Affect  
Timber Yields?
In the short term, shifting away from short rotations or high levels of utilization 
will cause reduced timber removals while trees continue to grow and sequester 
carbon. Longer term yields will depend on the management strategy and composi-
tion and growth conditions of each forest. Forests managed for carbon sequestration 
may provide sustainable timber yields from older and larger trees, but the difference 
in yields between traditional forestry practices and practices that maximize carbon 
sequestration will differ from forest to forest. Because the price of carbon credits 
is expected to rise in the future, the value of storing carbon in trees may eventually 
compete with the timber value of some tree species. As carbon sequestration activi-
ties become more common and regulated markets for carbon credits are established, 
the prices for offset credits are expected to rise, but it is not clear whether they will 
outpace timber values. Carbon-oriented practices may complement other forest 
management practices, and will likely be compatible with, rather than exclusive of, 
several different forest management goals.
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Will Following Carbon-Oriented Management Practices  
Reduce Income?
Depending on current management practices, a shift to managing for carbon 
sequestration may result in reduced income from traditional sources. Because these 
programs are voluntary however, a landowner is able to carefully consider any 
tradeoffs involved in starting an offset project and enter into these commitments 
only if he or she feels that it makes the most sense. For example, a management plan 
for carbon sequestration in forests may include reduced amounts of timber harvest-
ing, thereby leading to reduced timber sales, at least in the short term. These short-
term reductions in timber revenue may be compensated for by revenues from carbon 
sequestration, depending upon the capacity for the forest to sequester additional 
carbon. Similarly, reducing rangeland stocking levels to meet sustainability require-
ments could lead to lower livestock sales. In both circumstances, this reduction in 
income may at least be partially compensated for by the income earned from the 
sale of carbon credits. However, the net change in income will depend on the current 
management strategy and the capacity of the land to sequester carbon. The price of 
carbon credits has varied dramatically over the past few years, and the economic 
viability of managing for carbon will likely depend on the price of carbon credits 
and the income they can generate. Before making a decision to pursue a specific 
carbon offset activity, offset standard, or GHG program, careful consideration of the 
associated economic, environmental, and social benefits and costs should be made 
by the landowner. The carbon market and offset standards have been designed to 
encourage particular types of activities that may or may not be suitable for every 
forest and rangeland. There are a variety of opportunities for landowners to become 
involved in these markets and it is to the landowner’s benefit to become aware of 
their options and consider the costs and benefits associated with diversifying the 
sources of revenue from their land.

Do Carbon Markets Provide an Opportunity for Financing 
Restoration Projects? 
The carbon market may provide an opportunity for financing restoration projects if 
there is a clear carbon benefit associated with the restoration activity. In recent years, 
carbon offset standards have developed to include broader environmental and social 
benefits, but the main thrust of the project must be carbon sequestration or emissions 
abatement. Some restoration activities that have unclear or disputed carbon benefits 
will face significant challenges to entering carbon markets, whether or not they have 
other social or environmental benefits. One example is the case of forest thinning 
and prescribed fire to mitigate the risk of wildfire (see “Forestry” section). 
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Most offset standards have been developed to streamline carbon offset activi-
ties into paths that are efficient to verify and account for using general project 
types such as afforestation or forest management, among others. Some restoration 
projects that offer carbon benefits may not be included in current offset standards 
because they present unique measurement challenges or for other reasons. If a 
restoration activity is not currently included in the existing protocols or standards, 
offset programs generally have an established process for reviewing proposals for 
new offset activities that are not currently included within their rules. The OTC 
transactions in the voluntary market provide a bit more flexibility for restoration 
activities that provide carbon benefits (or other environmental benefits) that may be 
outside the scope of the offsets allowed by other existing standards or compliance 
markets. As with all OTC transactions, financial compensation for these projects 
will depend on the individual contract negotiations between the buyer and the seller 
of the carbon credits.

What Does the Future of the Crediting Program Look Like?
Many compliance markets are expected to come on line in the next few years. It is 
not clear how the voluntary market will change as a result, or whether particular 
standards or credits will be grandfathered into these new markets. To manage this 
risk, it is important to consider whether the standard you are pursuing is rigor-
ous enough to be supported by other markets. For example, the CAR/California 
Climate Action Registry standard has been approved by the Voluntary Carbon 
Standard (VCS), meaning that if you follow CAR protocols, you are eligible to post 
your credits not only to CAR but also to VCS registries. Similarly, Kyoto’s CDM 
protocols have been endorsed by several standards and cap-and-trade systems, and 
international credits registered through CDM (or whatever standard takes its place 
post-Kyoto) are likely to be eligible for domestic cap-and-trade programs. Because 
the policies for these regional and any future federal cap-and-trade programs have 
not yet been finalized, it is not possible to guarantee the price or future of any 
specific standard or crediting program.

Are Forestry or Range Projects on Public Lands Eligible for 
Offset Credits in Existing Carbon Markets?
Ranchers, forest owners, and other residents of communities that surround public 
lands may engage in forestry and grazing activities on public lands. At present, 
public lands in the United States have not commonly been used for carbon offset-
ting, and it is unclear whether they will be eligible in the future. The CAR allows 
participation of state-owned forests in their offset program, but does not currently 
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allow for activities on federal lands. Many of the policies governing cap-and-trade 
programs in the United States are still being developed; it may take a year or more 
before the role of state and federal lands in carbon and other ecosystem services 
markets is clear. Some of the primary concerns with public lands include unique 
challenges for assessing the “business-as-usual” scenario and how and whether 
carbon and other ecosystem service benefits from public lands should be sold to 
private entities. The specter of the potentially large volume of offsets from federal 
lands flooding the market has also been raised by market observers, but this poten-
tial is likely to be significantly constrained by additionality requirements that would 
be placed on activities carried out on public lands. For example, although the CAR 
does not currently allow federal lands to participate in the offsetting program, the 
additionality requirements placed on publicly owned lands are considerably more 
restrictive than those placed on privately owned lands.

Is Participation in Carbon Markets the Only Way to Financially 
Benefit From Carbon-Oriented Land Management, or Are  
There Other Options?
For landowners who are unable to pursue viable offset projects in carbon markets, 
there are also new funding opportunities emerging from government agencies that 
may provide financial or technical support to landowners interested in incorpo-
rating the types of sustainable management practices discussed throughout this 
document on their land. To find out more about these opportunities, we recom-
mend that landowners contact their local Natural Resources Conservation Service 
(NRCS) office, Soil and Water Conservation Districts, Extension office, or other 
organizations serving landowners locally. Programs such as the Conservation 
Reserve Program, Conservation Security Program, and the Environmental Quality 
Incentive Program commonly provide support for the development of sustainable 
land management plans, and cost-sharing opportunities for specific management 
activities. Landowners interested in pursuing new conservation practices may also 
inquire about the Conservation Innovation Grants administered through NRCS. 
The availability of funding from each of these programs may vary from year to year 
and region to region, so the best source of information about these opportunities is 
the local offices of these conservation organizations. The use of conservation ease-
ments is also one other opportunity for landowners to reduce their tax burden while 
maintaining the property as a working forest or rangeland. 
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Conclusions
The rapid increase in GHG emissions over the past century has initiated a dramatic 
shift in the behavior of the global climate system, and is expected to have a signifi-
cant influence on the functioning of terrestrial and marine ecosystems around the 
world. To address this problem, many local, regional, national, and international 
bodies have begun regulating the emissions of GHGs in an attempt to mitigate the 
impacts of potential climate change. Carbon markets and offset strategies have 
arisen as one of the leading tools governments are adopting to reduce GHG emis-
sions. These offset markets offer new opportunities for forest and rangeland owners 
to finance sustainable land management activities and to help mitigate climate 
change. The state of our scientific understanding of land management practices 
to achieve carbon sequestration is more robust for forest ecosystems than it is for 
rangelands, but, nevertheless, there are opportunities for landowners to pursue 
sustainable land management of both forests and rangelands and engage with these 
emerging markets.

A variety of standards have arisen in recent years to help instill more confi-
dence and transparency in offset markets, and each available standard presents 
unique opportunities and considerations for landowners interested in starting offset 
projects on their lands. These markets have not been designed explicitly as conser-
vation support programs, and thus there may be landowners whose lands are not 
suitable for market participation, even though they may have valuable conservation 
potential. Markets for other ecosystem values may offer opportunities in such cases. 
A variety of different rules and regulations apply for each offset program, so land-
owners should review their options for creating and selling offset credits carefully, 
including possibly not using a published standard.

Biological sequestration presents many unique considerations not found in other 
types of offset projects. Concerns over additionality, permanence, leakage, and 
verifiability are all pressing policy considerations that need to be addressed for this 
market to thrive. Although many voluntary standards have emerged in recent years 
to address these issues, the future function, structure, and even existence of many 
federal, regional, and state GHG market programs remains unclear. Policymakers 
throughout the United States are considering issues like these and many others as 
they go about the formulation of policy for our states and country to address the 
challenges presented by climate change and the need for a renewed economy. The 
policy choices made by legislators and government agencies in coming years will 
exert a very strong influence in the development of these markets and the potential 
for landowners to participate in them.
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Although much of the policy and market landscape for GHG emissions and 
payments for other beneficial services provided by natural ecosystems are likely to 
grow and evolve over time, there are several opportunities currently open to land-
owners wishing to pursue carbon-oriented management. The emergence of carbon 
markets has raised the potential for offset credits to simultaneously incentivize 
sustainable land management, increase and diversify income streams for landown-
ers, and contribute to efforts at mitigating climate change. It is our hope that this 
document provides a first glance for many landowners and related groups at these 
emerging markets and the opportunities they may present.
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English Equivalents
When you know: Multiply by: To find:

Millimeters (mm) 0.0394 Inches
Centimeters (cm) .394 Inches
Hectares (ha) 2.47 Acres
Kilograms (kg) 2.205 Pounds
Metric tonnes (t) 1.102 Tons
Tonnes per hectare (t/ha) 893 Pounds per acre
Kilograms per hectare(kg/ha) .893 Pounds per acre

Glossary 
additionality—Describes carbon offset activities, emissions avoidance, reductions, 
or sequestration that would not have been pursued in the absence of an emissions 
trading system or market. Activities or changes in emissions that would have 
occurred regardless of whether there was a carbon market in place do not meet the 
requirement of additionality. There are several tests that are commonly used to 
assess additionality. These generally consider the economic, social, or environmen-
tal barriers that prevent the conduct of the offset activity in the absence of a carbon 
market. Activities required by law such as replanting following harvests, or main-
taining riparian buffers, are typically not considered additional and are therefore 
not eligible for carbon offsets.
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AFOLU—See LULUCF

aggregator—A person or company that works with landowners or project devel-
opers to combine their carbon management activities so that they can access the 
market as if they had one bigger project. 

allowances—Allowances represent a permit to emit a fixed amount of greenhouse 
gases. In cap-and-trade programs, allowances are distributed to polluters who must 
surrender one allowance for every equivalent amount of emissions they produce. 
Over time, the government may decrease the number of allowances distributed to 
reduce the cap on the total amount of allowable emissions. 

baseline—The level of carbon emissions or sequestration that would have occurred 
without the existence of emissions regulations or a carbon market. There are many 
ways to determine baselines, and the specific calculation methods differ among off-
set standards and emissions trading schemes. Baselines are compared with actual 
carbon emissions or storage data to calculate the amount of emissions reduced, 
avoided, or sequestered by a project. A baseline is also commonly referred to as a 
business-as-usual scenario.

biomass—Living and dead plant material. Biomass is commonly broken down into 
aboveground biomass, belowground biomass, standing dead biomass, downed dead 
biomass (trees), and litter. Soil and litter are typically not considered biomass, but 
each offset standard will have its own definitions for biomass and various carbon 
pools.

cap-and-trade—The most common type of emissions trading scheme for control-
ling greenhouse gas emissions and reducing them over time. A limit, or cap, is set 
on the volume of emissions that are allowed from a particular activity or industrial 
sector (e.g., powerplants). For every ton of emissions allowed within the cap, the 
government (or other regulatory body) distributes or auctions allowances to the 
emitters within the regulated sector. At the end of a compliance period, all emitters 
are required to surrender one allowance for every ton of emissions they released 
during the period. The emitters who have not used all of their allowances are 
permitted to trade (sell) them to other emitters who exceed their allowances and 
need more to match their emissions levels. Alternatively, emitters who exceed their 
allowances may buy carbon offset credits from other suppliers.

carbon-oriented management—Land management that explicitly considers the 
effects of management activities on carbon storage and sequestration, with the 
general goal of enhancing the removal of greenhouse gases from the atmosphere 
through increased carbon sequestration, avoided emissions, or both. 
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carbon offset credits—Carbon offsets represent a specific quantity of greenhouse 
gas emissions that have been reduced, prevented, or neutralized by carbon seques-
tration or other emissions reduction activities. In emissions trading systems, offsets 
are quantified as credits that may be traded interchangeably with allowances, and 
used by emitters to meet their emissions requirements. Carbon offsets are so-named 
because the activities they describe offset emissions from another source. 

carbon sequestration—The accumulation of carbon in an ecosystem over time. 
This can be achieved by increasing carbon inputs and uptake, decreasing or pre-
venting carbon releases, or both. Biological carbon sequestration in plants and 
soils is commonly distinguished from the storage of CO2 emissions in geological 
features, known as carbon capture and sequestration.

early actors/action—Early action is a term used to describe the activities of pio-
neer landowners and organizations that began emissions abatement activities prior 
to the startup of an emissions trading scheme. Many greenhouse gas (GHG) trading 
programs and offset standards have policies that require landowners to change 
existing management practices in order to participate in the carbon market. These 
policies may effectively leave landowners who have practiced carbon-oriented 
management for years out of emerging markets, even though they are contributing 
to the reduction of atmospheric greenhouse gases. Critics of crediting activities 
by early actors point out that these credits do not meet strict additionality criteria 
and would have happened under business-as-usual circumstances, thus failing 
to provide new or additional carbon benefits. Advocates of early action crediting 
argue that these activities have been providing a value to the environment, often at 
nontrivial expense, for some time and that these good actors should be rewarded for 
the activities and investments they have made that have carbon benefits. Each offset 
standard and GHG trading program has its own regulations regarding the cutoff 
period for eligible activities, and policies regarding the rewarding of early action. 

emissions trading scheme (ETS)—This is a market-based approach to controlling 
emissions of pollutants. Polluters regulated by an ETS may trade credits or 
allowances with each other to meet a mandated level of reductions. By allowing 
emitters to trade with each other, those that can reduce their emissions at lower than 
average costs will do so and be compensated through the sale of unneeded credits 
or allowances to other companies who cannot reduce emissions at such a low cost. 
Emissions trading is seen as a more efficient way to reduce emissions across many 
industries and economic sectors than simply requiring all companies to reduce their 
emissions to a fixed level, regardless of the cost for each emitter. Cap-and-trade is 
one type of ETS.
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forward sale—A type of sale that involves payment up front for a product to be 
delivered in the future. In the case of offsets, this will usually involve a contractual 
obligation to deliver credits in the future once they have been verified, registered, 
or issued. Project developers may use these contracts with potential offset buyers to 
deliver credits in the future in exchange for payments to help cover initial startup 
costs or other expenses.

greenhouse gases (GHGs)—Gases that absorb solar radiation and increase the 
trapping of heat in the Earth’s atmosphere, giving rise to the “greenhouse effect.” 
The most common GHGs are carbon dioxide, methane, nitrous oxide, sulfur diox-
ide, perfluorocarbons, hydrofluorocarbons, and sulfur hexafluoride. 

land-use, land-use change, and forestry (LULUCF) and agriculture, forestry 
and other land-uses (AFOLU)—These are terms used to collectively refer to land 
management and land-use activities that contribute to greenhouse gas emissions 
reduction or sequestration potential. In common carbon market use, LULUCF and 
AFOLU are generally interchangeable terms. The LULUCF or AFOLU activities 
that are eligible for offset projects and GHG emissions trading programs will vary, 
and are specified by each program. These activities typically do not include renew-
able energy generation, even when this energy is derived from biological sources 
(such as ethanol, methane capture from manure, biomass energy, etc.). Common 
LULUCF and AFOLU activities include afforestation, avoided deforestation, 
improved forest management, conservation tillage in agriculture, and improved 
rangeland management.

leakage—The risk that the carbon sequestration or emissions reductions achieved 
by offsetting activities result in increased carbon emissions in another form or loca-
tion. For example, if harvesting in one stand is reduced to encourage carbon storage 
for offset purposes, any increase in harvesting in other stands that compensates 
for that reduction diminishes the credibility of the offset activity, and is referred to 
as leakage. Many offset standards require some assessment of leakage risks, and a 
plan to mitigate those risks. Internal leakage refers to leakage within one project or 
landowner’s control. External leakage is more difficult to control and refers to leak-
age that occurs outside of the offset project’s boundary, for example on neighboring 
lands not owned or controlled by the landowner or offset project developer. 

offset—Positive effects from one activity that compensate for negative effects from 
another activity are said to offset those negative effects. For the use of this term in 
regard to greenhouse gas emissions, see the definition of “carbon offset credits” in 
the glossary or the sidebar discussion “What are offsets?”
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offset standards—A formalized collection of guiding principles for the character 
and quality of offset projects (regardless of the type of offset project) allowed to use 
the name of the standard’s organization in the registry or sale of offset credits. In 
this document, we consider the term “standards” to be distinct from “protocols,” 
which we use to refer to the specific rules governing the submission and review of 
individual offset projects of a particular type (e.g., a forest project protocol). The 
words “standard” and “protocol” are often used interchangeably in real world situ-
ations, but are used as defined above in this document to provide as much clarity as 
possible.

outcome-based standards—Standards that base the effectiveness or acceptability 
of an activity on the outcome of that activity, rather than on the requirements asso-
ciated with specific management practices. Most forest carbon credits are calculated 
using field measurements that verify how much carbon is actually sequestered over 
time. Some outcome-based offset standards may also require certification that the 
enrolled land is being managed using sustainable practices. Most forest carbon 
offset standards are outcome-based.

permanence—The requirement that the amount of carbon sequestered, or emis-
sions reduced by a project, is secured in perpetuity. Disturbances such as wildfire, 
pest/pathogen outbreaks, or unauthorized harvesting activities may expose the 
carbon previously sequestered in biological forms such as trees, litter, and soil to be 
released back to the atmosphere. Many offset standards or programs require some 
plan to mitigate the risk of carbon losses in the future, or may require that some 
carbon credits be reserved in a “buffer” account to insure against unanticipated 
future carbon losses.

pool—A term used to describe a particular form that carbon takes in an ecosystem. 
Examples of forest carbon pools that are commonly considered for offset purposes 
include living trees (live biomass), standing and downed dead wood (dead biomass), 
litter, and soil.

prescriptive standards—Standards that base the effectiveness or acceptability of 
an activity on adherence to a set of approved management practices or methods. 
These standards may or may not require the physical measurement of carbon 
storage. For example, the Chicago Climate Exchange rangeland soil standards do 
not require the physical measurement of soil carbon storage, but do require the land 
manager to follow specific management guidelines. 
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registry—A database that can be used to keep track of emissions inventories, 
carbon credits, allowances, or transactions between participants in greenhouse 
gas emissions trading programs. Registries are an important component of carbon 
markets because they provide an increased level of transparency in the functioning 
of the market.

sink/source—A carbon pool (such as soil or live trees) that takes up more carbon 
than it releases over time is described as a carbon sink. Carbon pools that release 
more carbon over time than they capture are called carbon sources (to the atmo-
sphere). Many ecosystems can behave as both carbon sinks and sources over time, 
depending on how plant productivity and decomposition respond to seasonal or 
long-term changes in environmental variables like precipitation, temperature, and 
sunlight, and disturbances such as wildfire, pests, and diseases. 

tCO2e—Metric tonnes of carbon dioxide equivalent. This unit is used to describe 
quantities of greenhouse gas (GHG) emissions by comparing their global warming 
potential over time to that of carbon dioxide (CO2), the most common GHG. One 
metric tonne of CO2 is equal to 1 tCO2e. Those gases that contribute more to global 
warming per tonne than CO2 have higher values. For example, one tonne of meth-
ane, which is 25 times stronger than CO2 in contributing to global warming over 
100 years, is equal to 25 tCO2e. A tonne of nitrous oxide, which is 298 times as 
strong a GHG over 100 years as CO2, is equal to 298 tCO2e. In the case of biologi-
cal carbon sequestration, where the measurements collected in the field are usually 
used to calculate volume, then biomass and finally tonnes of carbon (not tonnes 
of carbon dioxide), one tonne of carbon is equal to ~3.67 tCO2e. Prices for carbon 
credits and allowances are commonly expressed as dollars per tCO2e. 
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Appendix: Guidance and Standards for Offset Projects
American Carbon Registry 
http://www.americancarbonregistry.org
The American Carbon Registry is a private registry designed with GHG inventory 
capabilities for companies, as well as a registration and tracking system for offset 
projects. The registry is run by Winrock International, a company that has been 
involved in the formation of many forest offset standards and projects around the 
world. A forest project protocol was released in March 2009. Registration with 
the American Carbon Registry includes certification of offset activities and the 
generation of carbon credits. The American Carbon Registry accepts offset projects 
verified under its own protocols as well as those accepted by VCS.

CarbonFix Standard (CFS)
http://www.carbonfix.info/
This standard is designed solely for offset projects involving the establishment 
of new forests. CarbonFix allows for credits to be certified and sold prior to field 
verification of the offset activities (ex-ante credits). The CFS has offset tracking 
capabilities that encourage companies to use the purchase of these offsets for green 
marketing by providing codes that allow the consumer to trace carbon-neutrality 
claims on products back to individual offset projects. 

Chicago Climate Exchange (CCX)
http://www.chicagoclimatex.com/
The CCX opened in 2003 and provides offsets derived from land-use projects 
for both rangelands and forests (as well as many other agricultural project types) 
throughout the United States. The CCX is a voluntary, but legally binding, cap-and-
trade program with both emitters and offsetters participating. Offset providers fol-
low CCX protocols and can register and sell their carbon credits (known as Carbon 
Financial Instruments or CFIs) through the CCX to other members; CFIs may also 
be sold over the counter through private contracts with any private or public entity. 
The CCX protocols were recently updated as of August 20, 2009. 

Climate Action Reserve/California Climate Action Registry
http://www.climateregistry.org/
California launched a Climate Action Registry (CCAR) in 2001 that allows offset 
activities through a new overarching organization known as the Climate Action 
Reserve (CAR). The reserve has also led the development of offset standards for 
several land-use, land-use change, and forestry (LULUCF) activities. Although 
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California plans to launch its own cap-and-trade program in 2012, the CAR has 
been designed to function with voluntary markets as well, and following the launch 
of its most recent forest protocol in September, 2009, is now open to forestry 
projects throughout the United States. Although the reserve allows livestock man-
agement offsets (through manure and methane management), it does not currently 
allow range management offset projects. Offset project developers follow reserve 
protocols and register projects for credits (known as Climate Reserve Tonnes or 
CRTs). Credits registered through the CAR can then be independently sold to any 
interested private or public entity using private contracts. 

Climate, Community, and Biodiversity (CCB) Standard
http://www.climate-standards.org/
This standard is designed to recognize all land-based offset projects that include cli-
mate, community, and biodiversity benefits. It does not register or generate carbon 
credits, but rather certifies that all projects meeting CCB criteria provide additional 
social and environmental benefits beyond carbon sequestration alone. The standard 
complements other offset standards that do create and register carbon credits. The 
advantage of using this standard is that, by including community and biodiversity 
co-benefits, carbon credits may yield a higher sale price when sold on the voluntary 
market.

The Climate Trust
http://climatetrust.org
The 1997 Oregon legislation regulating carbon dioxide emissions created a non-
profit organization called The Climate Trust to develop offset projects with the 
money provided by power companies. The Climate Trust periodically opens calls 
for offset project proposals to meet the need for these offset projects, which can 
include forestry and range projects provided they meet The Climate Trust’s offset 
quality criteria. 

Intergovernmental Panel on Climate Change’s Good Practice Guidance
http://www.ipcc-nggip.iges.or.jp/public/gpglulucf/gpglulucf.html
Commissioned by the United Nations, this report provides guidance for “estimat-
ing, measuring, monitoring and reporting on carbon stock changes and GHG 
emissions” from land-use, land-use change, and forestry (LULUCF) activities. 
The guidelines do not lead to any kind of certification or to the creation of carbon 
credits; they were designed primarily to aid in the completion of national green-
house gas (GHG) inventories as part of the United Nations Framework Convention 
on Climate Change (UNFCCC). Apart from UNFCCC commitments, this guidance 
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has also served as a guide for policymakers and market participants such as offset 
developers and verifiers.

The International Organization for Standardization (ISO) 14064 Standard
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.
htm?commid=546318
The ISO is a standard-developing organization that has published more than 17,500 
standards on a wide variety of subjects and industries. The 14064 standard contains 
three sections, which provide guidance on quantifying and reporting greenhouse 
gas inventories, project-level accounting for offset projects, and guidance for the 
validation and verification of emission-related claims; 14064-2 is the standard that 
applies to offset projects. This standard is primarily used as an auditable framework 
for accounting and has been used as a building block for offset protocols. This 
standard provides detailed guidance for project-level accounting and quantification 
issues, but is not specifically applied to generate or register offset credits.

Kyoto Protocol’s Clean Development Mechanism (CDM) and Joint 
Implementation (JI)
http://cdm.unfccc.int/index.html and http://ji.unfccc.int/index.html
The CDM and JI are designed for offset projects carried out in developing and 
developed countries, respectively, as part of the international cap-and-trade pro-
gram within the Kyoto Protocol. The CDM-approved offset project protocols have 
been used much more than JI and have served as a starting point for many other 
offset standards. This standard can be applied to offset projects regardless of their 
location, but for countries like the United States that are not party to the Kyoto 
Protocol, compliance with CDM standards does not generate credits within the 
Kyoto Protocol’s cap-and-trade system. Instead, it serves solely to demonstrate 
that project activities were carried out and verified according to CDM guidelines. 
Owing to the very rigorous nature and high cost of verification and compliance with 
CDM, relatively few forestry projects have been registered through this mechanism. 
It does not include range management offset projects.

Plan Vivo 
http://www.planvivo.org/
Plan Vivo focuses on sustainable development issues including the environmental 
and social co-benefits of managing for carbon. It is primarily targeted at offset 
projects in developing countries. Plan Vivo is a relatively small standard program 
and can include ex-ante credits, which are generated before an offset project begins 
in anticipation of its eventual carbon reduction benefits. 



80

GENERAL TECHNICAL REPORT PNW-GTR-801

U.S. Department of Energy Voluntary Reporting of Greenhouse Gases 
Program [1605(b)]
http://www.eia.doe.gov/oiaf/1605/index.html
This registry was created by the Energy Policy Act of 1992. It allows participants to 
post emissions reduction and sequestration activities. The program does not involve 
the generation or sale of carbon credits, but rather is solely a registry for posting 
emissions-related activities. Emissions data entered into the registry do not require 
third-party verification or field-based measurement of carbon storage. Many of the 
accounting methods developed for the program have been used in the creation of 
other offset standards. The program underwent significant revision and updating in 
the early 2000s and now serves as a reference used for many other offset standards.

U.S. Environmental Protection Agency (EPA) Climate Leaders Program
http://www.epa.gov/stateply/
This program was primarily designed to facilitate the completion of greenhouse 
gas management plans and reduction strategies for private businesses. The EPA 
launched the Climate Leaders program in 2002. Companies that enroll in the 
program commit to completing a company-wide emissions inventory and setting 
reduction targets with periodic reports of progress made to the EPA. Although this 
program was primarily intended to ease the transition to greenhouse gas account-
ing and demonstrate early action for participating companies, the program has also 
recently been expanded to offer guidance for offset projects. Although this program 
provides a protocol for offset projects, it is generally provided as a recommendation 
for how to carry out project accounting and documentation because there is not 
currently a third-party verification system or registry system for projects generated 
using this protocol. 

Voluntary Carbon Standard (VCS)
http://www.v-c-s.org/
The VCS protocols were developed in an effort to standardize and provide transpar-
ency to all offsets in the voluntary carbon market. Basic descriptions of the VCS 
goals for offset standards for agriculture, forestry, and other land uses (AFOLU) 
have been developed, but no specific protocols for these project types had been 
released as of December 2009. Projects verified using this standard are issued 
credits after carbon storage has been verified (ex-post credits) and registered on one 
of several registries. The VCS is one of the most widely used offset standards in 
the voluntary market to date. The VCS allows registration of offsets from projects 
certified by VCS standards as well as those from CAR.
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World Resources Institute (WRI) and World Business Council for Sustainable 
Development (WBCSD) GHG Protocol
http://www.ghgprotocol.org/
The WRI/WBCSD GHG protocol provides guidance to governments, companies, 
and offset project developers for inventorying and reporting GHG emissions 
activities. Additional guidelines have been composed for LULUCF activities to aid 
in offset project implementation that address measurement and other accounting 
issues. This protocol does not offer carbon credits or registration, but has been used 
as a guide in the development of registries for GHG inventories such as CAR and 
the American Carbon Registry. 
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http://www.epa.gov/sequestration/faq.html 

Carbon Sequestration in Agriculture and 
Forestry 

Frequent Questions 

 

1. What is terrestrial carbon sequestration? 

Terrestrial carbon sequestration is the process through which carbon dioxide (CO2) from the 
atmosphere is absorbed by trees, plants and crops through photosynthesis, and stored as 
carbon in biomass (tree trunks, branches, foliage and roots) and soils. The term "sinks" is 
also used to refer to forests, croplands, and grazing lands, and their ability to sequester 
carbon. Agriculture and forestry activities can also release CO2 to the atmosphere. 
Therefore, a carbon sink occurs when carbon sequestration is greater than carbon releases 
over some time period.  

2. Why are agricultural and forestry sequestration activities important? 

Forests and soils have a large influence on atmospheric levels of carbon dioxide (CO2)—the 
most important global warming gas emitted by human activities. Tropical deforestation is 
responsible for about 20% of the world's annual CO2 emissions (IPCC Special Report on 
LULUCF (2000) ). On a global scale, however, these emissions are more than 
offset by the uptake of atmospheric CO2 by forests and agriculture. Therefore, agricultural 
and forestry activities can both contribute to the accumulation of greenhouse gases in our 
atmosphere, as well as be used to help prevent climate change, by avoiding further 
emissions and by sequestering additional carbon. Sequestration activities can be carried out 
immediately, appear to present relatively cost-effective emission reduction opportunities, 
and may generate environmental co-benefits. At the same time, it is important to recognize 
that carbon sequestered in trees and soils can be released back to the atmosphere, and that 
there is a finite amount of carbon that can ultimately be sequestered. 

3. How much carbon can agricultural and forestry practices sequester? 

Carbon sequestration rates vary by tree species, soil type, regional climate, topography and 
management practice. In the U.S., fairly well-established values for carbon sequestration 
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rates are available for most tree species. Soil carbon sequestration rates vary by soil type 
and cropping practice and are less well documented but information and research in this 
area is growing rapidly.  

Pine plantations in the Southeast can accumulate almost 100 metric tons of carbon per acre 
after 90 years, or roughly one metric ton of carbon per acre per year (Birdsey 1996). 
Changes in forest management (e.g., lengthening the harvest-regeneration cycle) generally 
result in less carbon sequestration on a per acre basis. Changes in cropping practices, such 
as from conventional to conservation tillage, have been shown to sequester about 0.1 – 0.3 
metric tons of carbon per acre per year (Lal et al. 1999; West and Post 2002). However, a 
more comprehensive picture of the climate effects of these practices needs to also consider 
possible nitrous oxide (N2O) and methane (CH4) emissions. (See also FAQ #6) 

Carbon accumulation in forests and soils eventually reaches a saturation point, beyond 
which additional sequestration is no longer possible. This happens, for example, when trees 
reach maturity, or when the organic matter in soils builds back up to original levels before 
losses occurred. Even after saturation, the trees or agricultural practices would need to be 
sustained to maintain the accumulated carbon and prevent subsequent losses of carbon 
back to the atmosphere. 

For more information on carbon sequestration and saturation rates for individual practices, 
visit the Practices section of this Web site. Full references cited in this answer are provided 
below.  

4. How well can carbon sequestration be measured? 

Several methods can be used to measure the carbon and—more importantly for the 
atmosphere—the changes in carbon in above-ground and below-ground biomass, soils, and 
wood products. Statistical sampling, computer modeling and remote sensing can be used to 
estimate carbon sequestration and emission sources at the global, national and local scales. 
Current forest carbon estimates are generally more accurate and easier to generate than 
soil estimates. Estimating changes in soil carbon over time is generally more challenging 
due to the high degree of variability of soil organic matter—even within small geographic 
scales like a corn field—and because changes in soil carbon may be small compared to the 
total amount of soil carbon. More information on these carbon accounting methodologies 
can be found in the Land-Use Change and Forestry chapter of the Inventory of U.S. 
Greenhouse Gas Emissions and Sinks, and in the IPCC (2000) Special Report on Land Use, 
Land-Use Change, and Forestry section on methods.  
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5. How much carbon sequestration occurs in the U.S.? 

The U.S. landscape acts as a net carbon sink—it sequesters more carbon than it emits. Two 
types of analyses confirm this: 1) atmospheric, or top-down, methods that look at changes 
in CO2 concentrations; and 2) land-based, or bottom-up, methods that incorporate on-the-
ground inventories or plot measurements. 

For Inventory of U.S. Greenhouse Gas Emissions and Sinks, please go to the current and 
archived inventory pages. More information on U.S. carbon sequestration estimates and 
historical trends can be found under the National Analysis section of this Web site. 

6. Do sequestration practices affect greenhouse gases other than CO2? 

Yes. Methane (CH4) and nitrous oxide (N2O) are potent greenhouse gases that are also 
important to consider for forests, croplands and grazing lands. Practices that maintain and 
sequester carbon can have both positive and negative effects on CH4 and N2O emissions. 
The relationship among practices that affect CO2, CH4, and N2O can be especially complex in 
cropping and grazing systems. For example, if nitrogen-based fertilizers are applied to crops 
to increase yields, this would likely enhance soil carbon but the benefit could be partially or 
completely offset by increased emissions of N2O. The practice of rotational grazing can be 
beneficial across all three major gases: soil carbon can be maintained and enhanced; 
livestock CH4 emissions should decline due to improved forage quality; and N2O emissions 
can be avoided by eliminating the need for fertilizer applications on the pasture. These 
complex interactions among gases mean that it is important to consider not only carbon but 
all the greenhouse gas effects for certain sequestration practices. 

For more information on levels of CH4 and N2O emissions from U.S. agriculture, visit the 
National Analysis section of this Web site. 

7. What are the other environmental effects of sequestration practices? 

Practices that aim to reduce carbon losses and increase sequestration generally enhance the 
quality of soil, water, air and wildlife habitat. Tree planting that restores fuller forest cover 
may not only sequester carbon but could improve habitat suitability for wildlife. Preserving 
threatened tropical forests may avoid losses in both carbon and biodiversity, absent any 
leakage effects. And reducing soil erosion through tree planting or soil conservation 
measures can sequester carbon and improve water quality by reducing nutrient runoff. In 
certain cases, there may be tradeoffs between carbon objectives and environmental quality. 
Replacing diverse ecosystems with single-species timber plantations may generate greater 
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carbon accumulation, but could result in less biodiversity, at least at the scale of the 
plantation. 

8. How could carbon sequestration be affected by climate change? 

According to a National Academy of Sciences 2001 report, "Greenhouse gases are 
accumulating in the Earth's atmosphere as a result of human activities, causing surface air 
temperatures and subsurface ocean temperatures to rise." In addition to temperature, 
human-induced climate change may also affect growing seasons, precipitation and the 
frequency and severity of extreme weather events, such as fire. These changes can 
influence forests, farming and the health of ecosystems, and thus carbon sequestration. 
Some argue that rising CO2 levels will enhance sequestration above normal rates due to a 
fertilization effect. However, the concurrent changes in temperature and precipitation, along 
with local nutrient availability and harmful air pollutants, complicate this view. Furthermore, 
recent studies of pine forests fumigated with elevated CO2 levels have shown that this 
fertilization effect may only be short-lived (Schlesinger and Lichter 2001; Oren et al. 2001). 
Current projections of business-as-usual U.S. sequestration rates under various climate 
change scenarios show both increases and decreases in carbon storage depending on 
various assumptions. To date, few analyses of the potential for additional sequestration over 
time have considered the future effects of climate change. 

9. How do sequestration activities compare with greenhouse gas reductions in other 

sectors? 

In terms of its global warming impact, one unit of CO2 released from a car's tailpipe has the 
same effect as one unit of CO2 released from a burning forest. Likewise, CO2 removed from 
the atmosphere through tree planting can have the same benefit as avoiding an equivalent 
amount of CO2 released from a power plant. However, the climate benefits of sequestration 
practices can be partially or completely reversed because terrestrial carbon can be released 
back to the atmosphere through decay or disturbances. Trees that sequester carbon are 
subject to natural disturbances and harvests, which could suddenly or gradually release the 
carbon back to the atmosphere. And if carbon sequestration practices in agriculture, such as 
reduced tillage, are abandoned or interrupted, most or all of the accumulated carbon can be 
quickly released. Some sequestration practices, like tree planting and improved soil 
management, also reach a point where additional carbon accumulation is no longer possible. 
For example, mature forests will not sequester additional carbon after the trees have fully 
grown. At this point, however, the mature trees or practices still need to be sustained to 
maintain the level of accumulated carbon. Addressing the issues of reversibility (or 
permanence) and carbon saturation is important if sequestration benefits are to be 
compared to other greenhouse gas reductions. 
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3. Energy 
Energy-related activities were the primary sources of U.S. anthropogenic greenhouse gas emissions, accounting for 
87.0 percent of total greenhouse gas emissions on a carbon dioxide (CO2) equivalent basis53 in 2010. This included 
97, 50, and 14 percent of the nation's CO2, methane (CH4), and nitrous oxide (N2O) emissions, respectively. 
Energy-related CO2 emissions alone constituted 81 percent of national emissions from all sources on a CO2 
equivalent basis, while the non-CO2 emissions from energy-related activities represented a much smaller portion of 
total national emissions (5.5 percent collectively). 

Emissions from fossil fuel combustion comprise the vast majority of energy-related emissions, with CO2 being the 
primary gas emitted (see Figure 3-1). Globally, approximately 30,313 Tg of CO2 were added to the atmosphere 
through the combustion of fossil fuels in 2009, of which the United States accounted for about 18 percent.54 Due to 
their relative importance, fossil fuel combustion-related CO2 emissions are considered separately, and in more detail 
than other energy-related emissions (see Figure 3-2). Fossil fuel combustion also emits CH4 and N2O. Stationary 
combustion of fossil fuels was the second largest source of N2O emissions in the United States and mobile fossil fuel 
combustion was the third largest source. 

Figure 3-1: 2010 Energy Chapter Greenhouse Gas Sources 

Figure 3-2: 2010 U.S. Fossil Carbon Flows (Tg CO2 Eq.) 

Energy-related activities other than fuel combustion, such as the production, transmission, storage, and distribution 
of fossil fuels, also emit greenhouse gases. These emissions consist primarily of fugitive CH4 from natural gas 
systems, petroleum systems, and coal mining. 

Table 3-1 summarizes emissions from the Energy sector in units of teragrams (or million metric tons) of CO2 
equivalents (Tg CO2 Eq.), while unweighted gas emissions in gigagrams (Gg) are provided in Table 3-2. Overall, 
emissions due to energy-related activities were 5,933.5 Tg CO2 Eq. in 2010, an increase of 12 percent since 1990. 

Table 3-1: CO2, CH4, and N2O Emissions from Energy (Tg CO2 Eq.) 

Gas/Source 1990 2005 2006 2007 2008 2009 2010 
CO2 4,903.9 5,933.3 5,840.4 5,936.7 5,755.2 5,374.1 5,557.6 
Fossil Fuel Combustion 4,738.3 5,746.5 5,653.0 5,757.8 5,571.5 5,206.2 5,387.8 

Electricity Generation 1,820.8 2,402.1 2,346.4 2,412.8 2,360.9 2,146.4 2,258.4 
Transportation 1,485.9 1,896.6 1,878.1 1,893.9 1,789.8 1,727.9 1,745.5 
Industrial 846.4 816.4 848.1 844.4 806.5 726.6 777.8 
Residential 338.3 357.9 321.5 341.6 349.3 339.0 340.2 
Commercial 219.0 223.5 208.6 218.9 225.1 224.6 224.2 
U.S. Territories 27.9 50.0 50.3 46.1 39.8 41.7 41.6 

Non-Energy Use of Fuels 119.6 144.1 143.8 134.9 138.6 123.7 125.1 
Natural Gas Systems 37.6 29.9 30.8 31.0 32.8 32.2 32.3 
Incineration of Waste 8.0 12.5 12.5 12.7 11.9 11.7 12.1 
Petroleum Systems 
Biomass - Wood* 

0.4 
214.4 

0.3 
205.7 

0.3 
202.7 

0.3 
202.2 

0.3 
197.4 

0.3 
181.8 

0.3 
191.6 

International Bunker Fuels* 111.8 109.8 128.4 127.6 133.7 122.3 127.8 
Biomass – Ethanol* 4.2 22.9 31.0 38.9 54.7 62.3 74.5 
CH4 327.1 291.2 319.1 307.0 323.5 335.1 332.3 
Natural Gas Systems 189.6 190.5 217.7 205.3 212.7 220.9 215.4 

53 Estimates are presented in units of teragrams of carbon dioxide equivalent (Tg CO2 Eq.), which weight each gas by its global 
warming potential, or GWP, value. See section on global warming potentials in the Executive Summary.
	
54 Global CO2 emissions from fossil fuel combustion were taken from Energy Information Administration International Energy
 
Statistics 2010 < http://tonto.eia.doe.gov/cfapps/ipdbproject/IEDIndex3.cfm> EIA (2010).
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Coal Mining 84.1 56.8 58.1 57.8 66.9 70.1 72.6 
Petroleum Systems 35.2 29.2 29.2 29.8 30.0 30.7 31.0 
Stationary Combustion 7.5 6.6 6.2 6.5 6.6 6.3 6.3 
Abandoned Underground Coal 
Mines 6.0 5.5 5.5 5.3 5.3 5.1 5.0 

Mobile Combustion 4.7 2.5 2.4 2.2 2.1 2.0 1.9 
Incineration of Waste + + + + + + + 
International Bunker Fuels* 0.2 0.1 0.2 0.2 0.2 0.1 0.2 
N2O 56.7 58.0 54.8 50.6 46.7 43.6 43.6 
Mobile Combustion 43.9 37.0 33.7 29.0 25.2 22.5 20.6 
Stationary Combustion 12.3 20.6 20.8 21.2 21.1 20.7 22.6 
Incineration of Waste 0.5 0.4 0.4 0.4 0.4 0.4 0.4 
International Bunker Fuels* 1.1 1.0 1.2 1.2 1.2 1.1 1.2 
Total 5,287.7 6,282.4 6,214.4 6,294.3 6,125.4 5,752.7 5,933.5 
+ Does not exceed 0.05 Tg CO2 Eq. 
* These values are presented for informational purposes only, in line with IPCC methodological guidance and UNFCCC
	
reporting obligations, and are not included in the specific energy sector contribution to the totals, and are already accounted
	
for elsewhere.
	
Note: Totals may not sum due to independent rounding.
	

Table 3-2: CO2, CH4, and N2O Emissions from Energy (Gg) 

Gas/Source 1990 2005 2006 2007 2008 2009 2010 
CO2 
Fossil Fuel Combustion 
Non-Energy Use of Fuels 
Natural Gas Systems 
Incineration of Waste 
Petroleum Systems 
Biomass -Wood* 

International Bunker 
Fuels* 

Biomass - Ethanol* 

CH4 
Natural Gas Systems 
Coal Mining 
Petroleum Systems 
Stationary Combustion 
Abandoned Underground 
Coal Mines 

Mobile Combustion 
Incineration of Waste 
International Bunker 
Fuels* 

N2O 
Mobile Combustion 
Stationary Combustion 
Incineration of Waste 
International Bunker 
Fuels* 

4,903,922 5,933,252 5,840,384 5,936,724 5,755,172 5,374,077 5,557,611 
4,738,338 5,746,480 5,653,032 5,757,775 5,571,537 5,206,168 5,387,790 

119,627 144,098 143,761 134,863 138,624 123,712 125,130 
37,574 29,901 30,754 31,049 32,826 32,169 32,301 
7,989 12,468 12,531 12,727 11,888 11,703 12,054 

394 305 306 310 297 325 337 
214,410 205,671 202,680 202,204 197,358 181,806 191,591 

111,828 109,765 128,413 127,643 133,730 122,338 127,841 
4,227 22,943 30,985 38,924 54,739 62,272 74,519 

15,575 13,864 15,196 14,619 15,405 15,955 15,825 
9,029 9,071 10,369 9,774 10,127 10,519 10,259 
4,003 2,705 2,768 2,754 3,186 3,340 3,458 
1,677 1,390 1,389 1,420 1,427 1,460 1,478 

355 315 296 311 313 298 301 

288 264 261 254 253 244 237 
223 121 114 107 99 93 91 

+ + + + + + + 

8 7 8 8 8 7 8 
183 187 177 163 151 141 141 
142 119 109 94 81 73 66 

40 66 67 68 68 67 73 
2 1 1 1 1 1 1 

3 3 4 4 4 4 4 
+ Does not exceed 0.05 Tg CO2 Eq. 
* These values are presented for informational purposes only, in line with IPCC methodological guidance and UNFCCC
	
reporting obligations, and are not included in the specific energy sector contribution to the totals, and are already accounted for
	
elsewhere.
	
Note: Totals may not sum due to independent rounding.
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On October 30, 2009, the U.S. Environmental Protection Agency (EPA) published a rule for the mandatory 
reporting of greenhouse gases (GHG) from large GHG emissions sources in the United States. Implementation of 40 
CFR Part 98 is referred to as the Greenhouse Gas Reporting Program (GHGRP). 40 CFR part 98 applies to direct 
greenhouse gas emitters, fossil fuel suppliers, industrial gas suppliers, and facilities that inject CO2 underground for 
sequestration or other reasons. Reporting is at the facility level, except for certain suppliers of fossil fuels and 
industrial greenhouse gases. 40 CFR part 98 requires reporting by 41 industrial categories. In general, the threshold 
for reporting is 25,000 metric tons or more of CO2 Eq. per year. For calendar year 2010, the first year in which data 
were reported, facilities in 29 categories provided in 40 CFR part 98 were required to report their 2010 emissions by 
the September 30, 2011 reporting deadline. Data reporting by affected facilities included the reporting of emissions 
from fuel combustion at that affected facility. 

The GHGRP dataset and the data presented in this inventory report are complementary and, as indicated in the 
respective planned improvements sections for source categories in this chapter, EPA is analyzing how to use 
facility-level GHGRP data to improve the national estimates presented in this inventory. Most methodologies used 
in the GHGRP are consistent with IPCC, though for the GHGRP, facilities collect detailed information specific to 
their operations according to detailed measurement standards, which may differ with the more aggregated data 
collected for the inventory to estimate total, national U.S. emissions. It should be noted that the definitions and 
provisions for reporting fuel types in the GHGRP may differ from those used in the inventory in meeting the 
UNFCCC reporting guidelines. In line with the UNFCCC reporting guidelines, the inventory report is a 
comprehensive accounting of all emissions from fuel types identified in the IPCC guidelines and provides a separate 
reporting of emissions from biomass. Further information on the reporting categorizations in GHGRP and specific 
data caveats associated with monitoring methods in the GHGRP has been provided on the GHGRP website. 

EPA presents the data collected by the GHGRP through a data publication tool that allows data to be viewed in 
several formats including maps, tables, charts and graphs for individual facilities or groups of facilities. 

[END BOX] 

3.1. Fossil Fuel Combustion (IPCC Source Category 1A) 
Emissions from the combustion of fossil fuels for energy include the gases CO2, CH4, and N2O. Given that CO2 is 
the primary gas emitted from fossil fuel combustion and represents the largest share of U.S. total emissions, CO2 
emissions from fossil fuel combustion are discussed at the beginning of this section. Following that is a discussion 
of emissions of all three gases from fossil fuel combustion presented by sectoral breakdowns. Methodologies for 
estimating CO2 from fossil fuel combustion also differ from the estimation of CH4 and N2O emissions from 
stationary combustion and mobile combustion. Thus, three separate descriptions of methodologies, uncertainties, 
recalculations, and planned improvements are provided at the end of this section. Total CO2, CH4, and N2O 
emissions from fossil fuel combustion are presented in Table 3-3 and Table 3-4. 

Table 3-3: CO2, CH4, and N2O Emissions from Fossil Fuel Combustion (Tg CO2 Eq.) 

Gas 1990 2005 2006 2007 2008 2009 2010 
CO2 
CH4 
N2O 

4,738.3 
12.1 
56.2 

5,746.5 
9.1 

57.6 

5,653.0 
8.6 

54.5 

5,757.8 
8.8 

50.2 

5,571.5 
8.7 

46.4 

5,206.2 
8.2 

43.3 

5,387.8 
8.2 

43.2 
Total 4,806.7 5,813.3 5,716.1 5,816.8 5,626.6 5,257.7 5,439.3 
Note: Totals may not sum due to independent rounding. 
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Table 3-4: CO2, CH4, and N2O Emissions from Fossil Fuel Combustion (Gg) 

Gas 1990 2005 2006 2007 2008 2009 2010 
CO2 4,738,338 5,746,480 5,653,032 5,757,775 5,571,537 5,206,168 5,387,790 
CH4 578 436 410 417 412 392 392 
N2O 181 186 176 162 150 140 139 
Note: Totals may not sum due to independent rounding. 

CO2 from Fossil Fuel Combustion 
CO2 is the primary gas emitted from fossil fuel combustion and represents the largest share of U.S. total greenhouse 
gas emissions. CO2 emissions from fossil fuel combustion are presented in Table 3-5. In 2010, CO2 emissions from 
fossil fuel combustion increased by 3.7 percent relative to the previous year which represents the largest annual 
increase in CO2 emissions from fossil fuel combustion for the twenty-one-year period.55 The increase in CO2 
emissions from fossil fuel combustion was a result of multiple factors including: (1) an increase in economic output 
resulting in an increase in energy consumption across all sectors; (2) an increase in the carbon intensity of fuels 
consumed due to only a slight increase in the price of coal, and a significant increase in the price of petroleum and 
natural gas; and (3) much warmer summer conditions resulting in an increase in electricity demand. In 2010, CO2 
emissions from fossil fuel combustion were 5,387.8 Tg CO2 Eq., or 14 percent above emissions in 1990 (see Table 
3-5).56 

Table 3-5: CO2 Emissions from Fossil Fuel Combustion by Fuel Type and Sector (Tg CO2 Eq.) 

Fuel/Sector 1990 2005 2006 2007 2008 2009 2010 
Coal 1,718.4 2,112.3 2,076.6 2,106.0 2,072.5 1,834.4 1,933.2 

Residential 3.0 0.8 0.6 0.7 0.7 0.7 0.7 
Commercial 12.0 9.3 6.2 6.7 6.5 5.9 5.5 
Industrial 155.3 115.3 112.6 107.0 102.6 83.3 96.2 
Transportation NE NE NE NE NE NE NE 
Electricity Generation 1,547.6 1,983.8 1,953.7 1,987.3 1,959.4 1,740.9 1,827.3 
U.S. Territories 0.6 3.0 3.4 4.3 3.3 3.5 3.5 

Natural Gas 1,001.4 1,159.6 1,151.8 1,226.3 1,237.9 1,216.6 1,261.6 
Residential 238.0 262.2 237.3 256.3 265.5 258.8 258.8 
Commercial 142.1 162.9 153.8 163.5 171.1 168.9 167.7 
Industrial 409.9 381.4 388.2 398.6 401.0 377.3 394.2 
Transportation 36.0 33.1 33.1 35.2 36.7 37.9 40.1 
Electricity Generation 175.3 318.8 338.0 371.3 361.9 372.2 399.4 
U.S. Territories NO 1.3 1.4 1.4 1.6 1.5 1.5 

Petroleum 2,018.1 2,474.2 2,424.2 2,425.1 2,260.8 2,154.8 2,192.6 
Residential 97.4 94.9 83.6 84.6 83.1 79.4 80.7 
Commercial 64.9 51.3 48.5 48.7 47.4 49.7 51.1 
Industrial 281.2 319.6 347.3 338.7 302.9 265.9 287.4 
Transportation 1,449.9 1,863.5 1,845.0 1,858.7 1,753.2 1,690.0 1,705.4 
Electricity Generation 97.5 99.2 54.4 53.9 39.2 33.0 31.3 
U.S. Territories 27.2 45.7 45.5 40.4 35.0 36.7 36.7 

Geothermal* 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Total 4,738.3 5,746.5 5,653.0 5,757.8 5,571.5 5,206.2 5,387.8 
NE (Not estimated) 
* Although not technically a fossil fuel, geothermal energy-related CO2 emissions are included for reporting
	
purposes.
	
Note: Totals may not sum due to independent rounding.
	

Trends in CO2 emissions from fossil fuel combustion are influenced by many long-term and short-term factors. On 
a year-to-year basis, the overall demand for fossil fuels in the United States and other countries generally fluctuates 

55 This increase also represents the largest absolute and percentage increase since 1988 (EIA 2011a).
	
56 An additional discussion of fossil fuel emission trends is presented in the Trends in U.S. Greenhouse Gas Emissions Chapter.
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in response to changes in general economic conditions, energy prices, weather, and the availability of non-fossil 
alternatives. For example, in a year with increased consumption of goods and services, low fuel prices, severe 
summer and winter weather conditions, nuclear plant closures, and lower precipitation feeding hydroelectric dams, 
there would likely be proportionally greater fossil fuel consumption than a year with poor economic performance, 
high fuel prices, mild temperatures, and increased output from nuclear and hydroelectric plants. 

Longer-term changes in energy consumption patterns, however, tend to be more a function of aggregate societal 
trends that affect the scale of consumption (e.g., population, number of cars, size of houses, and number of houses), 
the efficiency with which energy is used in equipment (e.g., cars, power plants, steel mills, and light bulbs), and 
social planning and consumer behavior (e.g., walking, bicycling, or telecommuting to work instead of driving). 

CO2 emissions also depend on the source of energy and its carbon (C) intensity. The amount of C in fuels varies 
significantly by fuel type. For example, coal contains the highest amount of C per unit of useful energy. Petroleum 
has roughly 75 percent of the C per unit of energy as coal, and natural gas has only about 55 percent.57 Table 3-6 
shows annual changes in emissions during the last five years for coal, petroleum, and natural gas in selected sectors. 

Table 3-6: Annual Change in CO2 Emissions and Total 2010 Emissions from Fossil Fuel Combustion for Selected 
Fuels and Sectors (Tg CO2 Eq. and Percent) 

Sector Fuel Type 2006 to 2007 2007 to 2008 2008 to 2009 2009 to 2010 Total 2010 
Electricity Generation 
Electricity Generation 
Electricity Generation 
Transportationa 

Residential 
Commercial 
Industrial 
Industrial 

Coal 
Natural Gas 
Petroleum 
Petroleum 
Natural Gas 
Natural Gas 
Coal 
Natural Gas 

33.6 1.7% 
33.3 9.9% 
-0.5 -0.9% 
13.7 0.7% 
19.0 8.0% 
9.7 6.3% 

-5.6 -5.0% 
10.4 2.7% 

-27.9 -1.4% 
-9.3 -2.5% 

-14.7 -27.2% 
-105.6 -5.7% 

9.3 3.6% 
7.6 4.6% 

-4.4 -4.1% 
2.4 0.6% 

-218.5 -11.2% 
10.3 2.8% 
-6.3 -15.9% 

-63.1 -3.6% 
-6.7 -2.5% 
-2.2 -1.3% 

-19.3 -18.8% 
-23.7 -5.9% 

86.4 5.0% 
27.2 7.3% 
-1.7 -5.2% 
15.4 0.9% 
0.0 0.0% 

-1.2 -0.7% 
12.8 15.4% 
16.9 4.5% 

1,827.3 
399.4 

31.3 
1,705.4 

258.8 
167.7 

96.2 
394.2 

All Sectorsb All Fuelsb 104.7 1.9% -186.2 -3.2% -365.4 -6.6% 181.6 3.5% 5,387.8 
a Excludes emissions from International Bunker Fuels. 
b Includes fuels and sectors not shown in table. 

In the United States, 85 percent of the energy consumed in 2010 was produced through the combustion of fossil 
fuels such as coal, natural gas, and petroleum (see Figure 3-3 and Figure 3-4). The remaining portion was supplied 
by nuclear electric power (9 percent) and by a variety of renewable energy sources58 (6 percent), primarily 
hydroelectric power and biofuels (EIA 2011a). Specifically, petroleum supplied the largest share of domestic 
energy demands, accounting for 41 percent of total fossil fuel based energy consumption in 2010. Natural gas and 
coal followed in order of energy demand importance, accounting for approximately 32 and 27 percent of total 
consumption, respectively. Petroleum was consumed primarily in the transportation end-use sector and the vast 
majority of coal was used in electricity generation. Natural gas was broadly consumed in all end-use sectors except 
transportation (see Figure 3-5) (EIA 2011a). 

Figure 3-3: 2010 U.S. Energy Consumption by Energy Source 

Figure 3-4: U.S. Energy Consumption (Quadrillion Btu) 

Figure 3-5: 2010 CO2 Emissions from Fossil Fuel Combustion by Sector and Fuel Type 

Fossil fuels are generally combusted for the purpose of producing energy for useful heat and work. During the 

57 Based on national aggregate carbon content of all coal, natural gas, and petroleum fuels combusted in the United States. 
58 Renewable energy, as defined in EIA’s energy statistics, includes the following energy sources: hydroelectric power, 
geothermal energy, biofuels, solar energy, and wind energy 

Energy 3-5 

http:percent.57


     

                  
              

               
                 

 

 

 

           

               
                

              
            

              
          

      

 

            

 

              

 

              
               

               
                

           

 

              

 

 

 

 
                 

              
    

                                                           

             
    

               
             

                
              

             
                

                
                

combustion process, the C stored in the fuels is oxidized and emitted as CO2 and smaller amounts of other gases, 
including CH4, CO, and NMVOCs.59 These other C containing non-CO2 gases are emitted as a byproduct of 
incomplete fuel combustion, but are, for the most part, eventually oxidized to CO2 in the atmosphere. Therefore, it 
is assumed that all of the C in fossil fuels used to produce energy is eventually converted to atmospheric CO2. 

[BEGIN BOX] 

Box 3-1: Weather and Non-Fossil Energy Effects on CO2 from Fossil Fuel Combustion Trends 

In 2010, weather conditions remained fairly constant in the winter and much hotter in the summer compared to 
2009, as heating degree days decreased slightly (0.7 percent) and cooling degree days increased by 19 percent. This 
increase in cooling degree days led to an increase in electricity demand to cool homes. Winter conditions were 
relatively constant in 2010 compared to 2009, and the winter was slightly warmer than normal, with heating degree 
days in the United States 1.4 percent below normal (see Figure 3-6).  Summer conditions were much warmer in 
2010 compared to 2009, and summer temperatures were much warmer than normal, with cooling degree days 17 
percent above normal (see Figure 3-7) (EIA 2011a).60 

Figure 3-6: Annual Deviations from Normal Heating Degree Days for the United States (1950–2010) 

Figure 3-7: Annual Deviations from Normal Cooling Degree Days for the United States (1950–2010) 

Although no new U.S. nuclear power plants have been constructed in recent years, the utilization (i.e., capacity 
factors61) of existing plants in 2010 remained high at just over 91 percent. Electricity output by hydroelectric power 
plants decreased in 2010 by approximately 6.0 percent. Electricity generated by nuclear plants in 2010 provided 
more than 3 times as much of the energy consumed in the United States as hydroelectric plants (EIA 2011a). 
Nuclear, hydroelectric, and wind power capacity factors since 1990 are shown in Figure 3-8. 

Figure 3-8: Nuclear, Hydroelectric, and Wind Power Plant Capacity Factors in the United States (1990–2010) 

[END BOX] 

Fossil Fuel Combustion Emissions by Sector 
In addition to the CO2 emitted from fossil fuel combustion, CH4 and N2O are emitted from stationary and mobile 
combustion as well. Table 3-7 provides an overview of the CO2, CH4, and N2O emissions from fossil fuel 
combustion by sector. 

59 See the sections entitled Stationary Combustion and Mobile Combustion in this chapter for information on non-CO2 gas 
emissions from fossil fuel combustion. 
60 Degree days are relative measurements of outdoor air temperature. Heating degree days are deviations of the mean daily 
temperature below 65° F, while cooling degree days are deviations of the mean daily temperature above 65° F. Heating degree 
days have a considerably greater affect on energy demand and related emissions than do cooling degree days. Excludes Alaska 
and Hawaii.  Normals are based on data from 1971 through 2000. The variation in these normals during this time period was ±10 
percent and ±14 percent for heating and cooling degree days, respectively (99 percent confidence interval). 
61The capacity factor equals generation divided by net summer capacity. Summer capacity is defined as "The maximum output 
that generating equipment can supply to system load, as demonstrated by a multi-hour test, at the time of summer peak demand 
(period of June 1 through September 30)." Data for both the generation and net summer capacity are from EIA (2011a). 
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End-Use Sector 1990 2005 2006 2007 2008 2009 2010 
Electricity Generation 1,828.5 2,418.6 2,363.1 2,430.0 2,378.2 2,163.7 2,277.3 

CO2 1,820.8 2,402.1 2,346.4 2,412.8 2,360.9 2,146.4 2,258.4 
CH4 0.3 0.5 0.5 0.5 0.5 0.4 0.5 
N2O 7.4 16.0 16.2 16.7 16.9 16.9 18.5 

Transportation 1,534.6 1,936.1 1,914.2 1,925.1 1,817.1 1,752.4 1,768.0 
CO2 1,485.9 1,896.6 1,878.1 1,893.9 1,789.8 1,727.9 1,745.5 
CH4 4.7 2.5 2.4 2.2 2.1 2.0 1.9 
N2O 43.9 37.0 33.7 29.0 25.2 22.5 20.6 

Industrial 851.3 821.0 852.9 849.0 810.8 730.4 782.0 
CO2 846.4 816.4 848.1 844.4 806.5 726.6 777.8 
CH4 1.6 1.5 1.5 1.5 1.4 1.2 1.4 
N2O 3.3 3.1 3.2 3.1 2.9 2.5 2.8 

Residential 344.1 362.5 325.6 346.2 354.0 343.5 344.7 
CO2 338.3 357.9 321.5 341.6 349.3 339.0 340.2 
CH4 4.6 3.6 3.3 3.6 3.7 3.6 3.5 
N2O 1.1 1.0 0.9 0.9 1.0 0.9 0.9 

Commercial 220.2 224.8 209.8 220.1 226.4 225.9 225.5 
CO2 219.0 223.5 208.6 218.9 225.1 224.6 224.2 
CH4 0.9 0.9 0.9 0.9 0.9 1.0 0.9 
N2O 0.4 0.4 0.3 0.3 0.3 0.3 0.3 

U.S. Territories* 28.0 50.2 50.5 46.3 40.0 41.8 41.8 
         Total 4,806.7 5,813.3 5,716.1 5,816.8 5,626.6 5,257.7 5,439.3 

Table 3-7:   CO2,  CH4,  and  N2O  Emissions  from Fossil  Fuel  Combustion  by  Sector  (Tg  CO2  Eq.)  

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

               
          

 
                

  
          

               
             
            

          
             

            
           

           
            

            
              

             
            

             
                

              
            

 

              
             

             
             

                                                           

            

Note: Totals may not sum due to independent rounding. Emissions from fossil fuel combustion by
	
electricity generation are allocated based on aggregate national electricity consumption by each end-use 

sector.
	
* U.S. Territories are not apportioned by sector, and emissions are total greenhouse gas emissions from all
	
fuel combustion sources.
	

Other than CO2, gases emitted from stationary combustion include the greenhouse gases CH4 and N2O and the 
indirect greenhouse gases NOx, CO, and NMVOCs.62 Methane and N2O emissions from stationary combustion 
sources depend upon fuel characteristics, size and vintage, along with combustion technology, pollution control 
equipment, ambient environmental conditions, and operation and maintenance practices. N2O emissions from 
stationary combustion are closely related to air-fuel mixes and combustion temperatures, as well as the 
characteristics of any pollution control equipment that is employed. Methane emissions from stationary combustion 
are primarily a function of the CH4 content of the fuel and combustion efficiency. 

Mobile combustion produces greenhouse gases other than CO2, including CH4, N2O, and indirect greenhouse gases 
including NOx, CO, and NMVOCs. As with stationary combustion, N2O and NOx emissions from mobile 
combustion are closely related to fuel characteristics, air-fuel mixes, combustion temperatures, and the use of 
pollution control equipment. N2O from mobile sources, in particular, can be formed by the catalytic processes used 
to control NOx, CO, and hydrocarbon emissions. Carbon monoxide emissions from mobile combustion are 
significantly affected by combustion efficiency and the presence of post-combustion emission controls. CO 
emissions are highest when air-fuel mixtures have less oxygen than required for complete combustion. These 
emissions occur especially in idle, low speed, and cold start conditions. Methane and NMVOC emissions from 
motor vehicles are a function of the CH4 content of the motor fuel, the amount of hydrocarbons passing 
uncombusted through the engine, and any post-combustion control of hydrocarbon emissions (such as catalytic 
converters). 

An alternative method of presenting combustion emissions is to allocate emissions associated with electricity 
generation to the sectors in which it is used. Four end-use sectors were defined: industrial, transportation, 
residential, and commercial. In the table below, electricity generation emissions have been distributed to each end-
use sector based upon the sector’s share of national electricity consumption, with the exception of CH4 and N2O 

62 Sulfur dioxide (SO2) emissions from stationary combustion are addressed in Annex 6.3. 

Energy 3-7 
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from transportation.63 Emissions from U.S. territories are also calculated separately due to a lack of end-use-specific 
consumption data. This method assumes that emissions from combustion sources are distributed across the four end-
use sectors based on the ratio of electricity consumption in that sector. The results of this alternative method are 
presented in Table 3-8. 

Table 3-8: CO2, CH4, and N2O Emissions from Fossil Fuel Combustion by End-Use Sector (Tg CO2 Eq.) 

End-Use Sector 1990 2005 2006 2007 2008 2009 2010 
Transportation 1,537.6 1,940.9 1,918.8 1,930.2 1,821.9 1,756.9 1,772.5 

CO2 1,489.0 1,901.3 1,882.6 1,899.0 1,794.5 1,732.4 1,750.0 
CH4 4.7 2.5 2.4 2.2 2.1 2.0 1.9 
N2O 44.0 37.0 33.7 29.0 25.3 22.5 20.6 

Industrial 1,540.9 1,563.0 1,570.0 1,569.5 1,513.2 1,337.2 1,424.9 
CO2 1,533.1 1,553.3 1,560.2 1,559.8 1,503.8 1,328.6 1,415.4 
CH4 1.7 1.7 1.7 1.6 1.5 1.4 1.5 
N2O 6.1 8.1 8.2 8.1 7.9 7.2 8.0 

Residential 939.6 1,225.1 1,162.4 1,215.8 1,203.1 1,136.3 1,195.2 
CO2 931.4 1,214.7 1,152.4 1,205.2 1,192.2 1,125.5 1,183.7 
CH4 4.7 3.8 3.4 3.8 3.9 3.8 3.7 
N2O 3.5 6.7 6.6 6.9 7.0 7.1 7.8 

Commercial 760.5 1,034.0 1,014.5 1,054.9 1,048.4 985.4 1,004.9 
CO2 757.0 1,027.2 1,007.6 1,047.7 1,041.1 978.0 997.1 
CH4 1.0 1.1 1.0 1.1 1.1 1.1 1.1 
N2O 2.6 5.7 5.9 6.1 6.2 6.3 6.7 

U.S. Territories* 28.0 50.2 50.5 46.3 40.0 41.8 41.8 
Total 4,806.7 5,813.3 5,716.1 5,816.8 5,626.6 5,257.7 5,439.3 
Note: Totals may not sum due to independent rounding. Emissions from fossil fuel combustion by
	
electricity generation are allocated based on aggregate national electricity consumption by each end-use 

sector.
	
* U.S. Territories are not apportioned by sector, and emissions are total greenhouse gas emissions from
	
all fuel combustion sources.
	

Stationary Combustion 

The direct combustion of fuels by stationary sources in the electricity generation, industrial, commercial, and 
residential sectors represent the greatest share of U.S. greenhouse gas emissions. Table 3-9 presents CO2 emissions 
from fossil fuel combustion by stationary sources. The CO2 emitted is closely linked to the type of fuel being 
combusted in each sector (see Methodology section for CO2 from fossil fuel combustion). Other than CO2, gases 
emitted from stationary combustion include the greenhouse gases CH4 and N2O. Table 3-10 and Table 3-11 present 
CH4 and N2O emissions from the combustion of fuels in stationary sources. 64 Methane and N2O emissions from 
stationary combustion sources depend upon fuel characteristics, combustion technology, pollution control 
equipment, ambient environmental conditions, and operation and maintenance practices. N2O emissions from 
stationary combustion are closely related to air-fuel mixes and combustion temperatures, as well as the 
characteristics of any pollution control equipment that is employed. Methane emissions from stationary combustion 
are primarily a function of the CH4 content of the fuel and combustion efficiency. The CH4 and N2O emission 
estimation methodology was revised in 2010 to utilize the facility-specific technology and fuel use data reported to 
EPA’s Acid Rain Program (see Methodology section for CH4 and N2O from stationary combustion). Please refer to 
Table 3-7 for the corresponding presentation of all direct emission sources of fuel combustion. 

Table 3-9: CO2 Emissions from Stationary Fossil Fuel Combustion (Tg CO2 Eq.) 

63 Separate calculations were performed for transportation-related CH4 and N2O. The methodology used to calculate these 
emissions are discussed in the mobile combustion section.
	
64 Since emissions estimates for U.S. territories cannot be disaggregated by gas in Table 3-10 and Table 3-11, the percentages
	
for CH4 and N2O exclude U.S. territory estimates.
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Sector/Fuel Type 1990 
Electricity Generation 1,820.8 

Coal 1,547.6 
Natural Gas 175.3 
Fuel Oil 97.5 
Geothermal 0.4 

Industrial 846.4 
Coal 155.3 
Natural Gas 409.9 
Fuel Oil 281.2 

Commercial 219.0 
Coal 12.0 
Natural Gas 142.1 
Fuel Oil 64.9 

Residential 338.3 
Coal 3.0 
Natural Gas 238.0 
Fuel Oil 97.4 

U.S. Territories 27.9 
Coal 0.6 
Natural Gas NO 
Fuel Oil 27.2 

Total 3,252.4 

2005 2006 2007 2008 2009 2010 
2,402.1 
1,983.8 

318.8 
99.2 
0.38 

816.4 
115.3 
381.4 
319.6 
223.5 

9.3 
162.9 

51.3 
357.9 

0.8 
262.2 

94.9 
50.0 
3.0 
1.3 

45.7 

2,346.4 
1,953.7 

338.0 
54.4 
0.37 

848.1 
112.6 
388.2 
347.3 
208.6 

6.2 
153.8 

48.5 
321.5 

0.6 
237.3 

83.6 
50.3 
3.4 
1.4 

45.5 

2,412.8 
1,987.3 

371.3 
53.9 
0.38 

844.4 
107.0 
398.6 
338.7 
218.9 

6.7 
163.5 

48.7 
341.6 

0.7 
256.3 

84.6 
46.1 
4.3 
1.4 

40.4 

2,360.9 
1,959.4 

361.9 
39.2 
0.38 

806.5 
102.6 
401.0 
302.9 
225.1 

6.5 
171.1 

47.4 
349.3 

0.7 
265.5 

83.1 
39.8 
3.3 
1.6 

35.0 

2,146.4 2,258.4 
1,740.9 1,827.3 

372.2 399.4 
33.0 31.3 
0.38 0.40 

726.6 777.8 
83.3 96.2 

377.3 394.2 
265.9 287.4 
224.6 224.2 

5.9 5.5 
168.9 167.7 

49.7 51.1 
339.0 340.2 

0.7 0.7 
258.8 258.8 

79.4 80.7 
41.7 41.6 
3.5 3.5 
1.5 1.5 

36.7 36.7 
3,849.9 3,774.9 3,863.9 3,781.7 3,478.3 3,642.3 

* U.S. Territories are not apportioned by sector, and emissions are from all fuel combustion sources (stationary 
and mobile) are presented in this table. 
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Sector/Fuel Type 1990 2005 2006 2007 2008 2009 2010 
Electricity Generation 0.3 0.5 0.5 0.5 0.5 0.4 0.5 

Coal 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Fuel Oil + + + + + + + 
Natural Gas 0.1 0.1 0.1 0.1 0.1 0.1 0.2 
Wood + + + + + + + 

Industrial 1.6 1.5 1.5 1.5 1.4 1.2 1.4 
Coal 0.3 0.3 0.3 0.2 0.2 0.2 0.2 
Fuel Oil 0.2 0.2 0.2 0.2 0.2 0.1 0.1 
Natural Gas 0.2 0.1 0.1 0.1 0.2 0.1 0.1 
Wood 0.9 0.9 1.0 0.9 0.9 0.8 0.9 

Commercial 0.9 0.9 0.9 0.9 0.9 1.0 0.9 
Coal + + + + + + + 
Fuel Oil 0.2 0.2 0.1 0.1 0.1 0.1 0.2 
Natural Gas 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Wood 0.4 0.5 0.4 0.5 0.5 0.5 0.5 

Residential 4.6 3.6 3.3 3.6 3.7 3.6 3.5 
Coal 0.2 0.1 + + + + + 
Fuel Oil 0.3 0.3 0.3 0.3 0.3 0.2 0.3 
Natural Gas 0.4 0.5 0.4 0.5 0.5 0.5 0.5 
Wood 3.7 2.8 2.5 2.8 2.9 2.8 2.7 

U.S. Territories + 0.1 0.1 0.1 0.1 0.1 0.1 
Coal + + + + + + + 
Fuel Oil + 0.1 0.1 0.1 0.1 0.1 0.1 
Natural Gas + + + + + + + 
Wood + + + + + + + 

Total 7.5 6.6 6.2 6.5 6.6 6.3 6.3 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

       
         

          

        
          
          
          

          
          
           
          

          
          
          
           
          

          
          
          
           
          

          
          
          
           
          

          
          
          
           
          

          

Table 3-10:   CH4  Emissions  from  Stationary  Combustion  (Tg  CO2  Eq.)  

+ Does not exceed 0.05 Tg CO2 Eq.
	
Note: Totals may not sum due to independent rounding.
	

Table 3-11: N2O Emissions from Stationary Combustion (Tg CO2 Eq.) 

Sector/Fuel Type 1990 2005 2006 2007 2008 2009 2010 
Electricity Generation 

Coal 
Fuel Oil 
Natural Gas 
Wood 

Industrial 
Coal 
Fuel Oil 
Natural Gas 
Wood 

Commercial 
Coal 
Fuel Oil 
Natural Gas 
Wood 

Residential 
Coal 
Fuel Oil 
Natural Gas 
Wood 

U.S. Territories 
Coal 
Fuel Oil 
Natural Gas 
Wood 

7.4 
6.3 
0.1 
1.0 

+ 
3.3 
0.8 
0.5 
0.2 
1.8 
0.4 
0.1 
0.2 
0.1 
0.1 
1.1 

+ 
0.3 
0.1 
0.7 
0.1 

+ 
0.1 

+ 
+ 

16.0 
11.6 
0.1 
4.3 

+ 
3.1 
0.6 
0.5 
0.2 
1.9 
0.4 

+ 
0.1 
0.1 
0.1 
1.0 

+ 
0.3 
0.1 
0.6 
0.1 

+ 
0.1 

+ 
+ 

16.2 
11.5 
0.1 
4.7 

+ 
3.2 
0.6 
0.6 
0.2 
1.9 
0.3 

+ 
0.1 
0.1 
0.1 
0.9 

+ 
0.2 
0.1 
0.5 
0.1 

+ 
0.1 

+ 
+ 

16.7 
11.4 
0.1 
5.2 

+ 
3.1 
0.5 
0.6 
0.2 
1.8 
0.3 

+ 
0.1 
0.1 
0.1 
0.9 

+ 
0.2 
0.1 
0.5 
0.1 

+ 
0.1 

+ 
+ 

16.8 
11.6 

+ 
5.2 

+ 
2.9 
0.5 
0.5 
0.2 
1.7 
0.3 

+ 
0.1 
0.1 
0.1 
1.0 

+ 
0.2 
0.1 
0.6 
0.1 

+ 
0.1 

+ 
+ 

16.8 18.5 
11.2 12.5 

+ + 
5.6 5.9 

+ + 
2.5 2.8 
0.4 0.5 
0.4 0.4 
0.2 0.2 
1.5 1.7 
0.3 0.3 

+ + 
0.1 0.1 
0.1 0.1 
0.1 0.1 
0.9 0.9 

+ + 
0.2 0.2 
0.1 0.1 
0.6 0.5 
0.1 0.1 

+ + 
0.1 0.1 

+ + 
+ + 

Total 12.3 20.6 20.8 21.2 21.1 20.7 22.6 

3-10 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2010 



       

        
         

          

 

              
              

             
            

              
              

          
        

 

       

 

               
            
           

          
             

             
      

             
            

              
            

            
               

                  
             

               
             

                
                  

           

 

            
              

             

              
              

            
              

             

                                                           

                   
                   

 

+ Does not exceed 0.05 Tg CO2 Eq.
	
Note: Totals may not sum due to independent rounding.
	

Electricity Generation 

The process of generating electricity is the single largest source of CO2 emissions in the United States, representing 
42 percent of total CO2 emissions from all CO2 emissions sources across the United States. Methane and N2O 
accounted for a small portion of emissions from electricity generation, representing less than 0.1 percent and 0.8 
percent, respectively. Electricity generation also accounted for the largest share of CO2 emissions from fossil fuel 
combustion, approximately 42 percent in 2010. Methane and N2O from electricity generation represented 6 and 43 
percent of emissions from CH4 and N2O emissions from fossil fuel combustion in 2010, respectively. Electricity was 
consumed primarily in the residential, commercial, and industrial end-use sectors for lighting, heating, electric 
motors, appliances, electronics, and air conditioning (see Figure 3-9). 

Figure 3-9: Electricity Generation Retail Sales by End-Use Sector 

The electric power industry includes all power producers, consisting of both regulated utilities and nonutilities (e.g. 
independent power producers, qualifying cogenerators, and other small power producers). For the underlying 
energy data used in this chapter, the Energy Information Administration (EIA) places electric power generation into 
three functional categories: the electric power sector, the commercial sector, and the industrial sector. The electric 
power sector consists of electric utilities and independent power producers whose primary business is the production 
of electricity,65 while the other sectors consist of those producers that indicate their primary business is something 
other than the production of electricity. 

The industrial, residential, and commercial end-use sectors, as presented in Table 3-8, were reliant on electricity for 
meeting energy needs. The residential and commercial end-use sectors were especially reliant on electricity 
consumption for lighting, heating, air conditioning, and operating appliances. Electricity sales to the residential and 
commercial end-use sectors in 2010 increased approximately 6.3 percent and 1.7 percent, respectively. The trend in 
the residential and commercial sectors can largely be attributed to warmer, more energy-intensive summer weather 
conditions compared to 2009. Electricity sales to the industrial sector in 2010 increased approximately 5.0 percent. 
Overall, in 2010, the amount of electricity generated (in kWh) increased by 4.3 percent from the previous year. This 
increase was due to an increase in economic output, an increase in the carbon intensity of fuels used to generate 
electricity due to fuel switching as the price of coal only slightly increased, and the price of petroleum and natural 
gas increased significantly, and a slight decrease in the contribution of non-fossil fuel sources used to generate 
electricity. As a result, CO2 emissions from the electric power sector increased by 5.2 percent as the consumption of 
coal and natural gas for electricity generation increased by 5.0 percent and 7.3 percent, respectively, in 2010 and the 
consumption of petroleum for electricity generation, decreased by 6.1 percent. 

Industrial Sector 

The industrial sector accounted for 15 percent of CO2 emissions from fossil fuel combustion, 17 percent of CH4 
emissions from fossil fuel combustion, and 6 percent of N2O emissions from fossil fuel combustion. CO2, CH4, and 
N2O emissions resulted from the direct consumption of fossil fuels for steam and process heat production. 

The industrial sector, per the underlying energy consumption data from EIA, includes activities such as 
manufacturing, construction, mining, and agriculture. The largest of these activities in terms of energy consumption 
is manufacturing, of which six industries—Petroleum Refineries, Chemicals, Paper, Primary Metals, Food, and 
Nonmetallic Mineral Products—represent the vast majority of the energy use (EIA 2011a and EIA 2009c). 

In theory, emissions from the industrial sector should be highly correlated with economic growth and industrial 

65 Utilities primarily generate power for the U.S. electric grid for sale to retail customers. Nonutilities produce electricity for 
their own use, to sell to large consumers, or to sell on the wholesale electricity market (e.g., to utilities for distribution and resale 
to customers). 

Energy 3-11 



      

            
              

           
      

         
               

          

 

        

 

              
               

               
              

          
               

            
        

  

               
             

             
                

                
            

                
      

            
              
              

         

          
               

             

 

               
               

           
                

                
 

                                                           

              
            

            

output, but heating of industrial buildings and agricultural energy consumption are also affected by weather 
conditions.66 In addition, structural changes within the U.S. economy that lead to shifts in industrial output away 
from energy-intensive manufacturing products to less energy-intensive products (e.g., from steel to computer 
equipment) also have a significant effect on industrial emissions. 

From 2009 to 2010, total industrial production and manufacturing output increased by 5.3 and 5.8 percent, 
respectively (FRB 2011). Over this period, output increased across all production indices for Food, Petroleum 
Refineries, Chemicals, Paper, Primary Metals, and Nonmetallic Mineral Products (see Figure 3-10). 

Figure 3-10: Industrial Production Indices (Index 2007=100) 

Despite the growth in industrial output (45 percent) and the overall U.S. economy (63 percent) from 1990 to 2010, 
CO2 emissions from fossil fuel combustion in the industrial sector decreased by 8.1 percent over that time. A 
number of factors are believed to have caused this disparity between growth in industrial output and decrease in 
industrial emissions, including: (1) more rapid growth in output from less energy-intensive industries relative to 
traditional manufacturing industries, and (2) energy-intensive industries such as steel are employing new methods, 
such as electric arc furnaces, that are less carbon intensive than the older methods. In 2010, CO2, CH4, and N2O 
emissions from fossil fuel combustion and electricity use within the industrial end-use sector totaled 1,424.9 Tg CO2 
Eq., or approximately 6.6 percent above 2009 emissions. 

Residential and Commercial Sectors 

The residential and commercial sectors accounted for 6 and 4 percent of CO2 emissions from fossil fuel combustion, 
43 and 11 percent of CH4 emissions from fossil fuel combustion, and 2 and 1 percent of N2O emissions from fossil 
fuel combustion, respectively. Emissions from these sectors were largely due to the direct consumption of natural 
gas and petroleum products, primarily for heating and cooking needs. Coal consumption was a minor component of 
energy use in both of these end-use sectors. In 2010, CO2, CH4, and N2O emissions from fossil fuel combustion and 
electricity use within the residential and commercial end-use sectors were 1,195.2 Tg CO2 Eq. and 1,004.9 Tg CO2 
Eq., respectively. Total CO2, CH4, and N2O emissions from the residential and commercial sectors increased by 5.2 
and 2.0 percent from 2009 to 2010, respectively. 

Emissions from the residential and commercial sectors have generally been increasing since 1990, and are often 
correlated with short-term fluctuations in energy consumption caused by weather conditions, rather than prevailing 
economic conditions. In the long-term, both sectors are also affected by population growth, regional migration 
trends, and changes in housing and building attributes (e.g., size and insulation). 

Emissions from natural gas consumption represent about 76 and 75 percent of the direct fossil fuel CO2 emissions 
from the residential and commercial sectors, respectively. In 2010, natural gas CO2 emissions from the residential 
and commercial sectors remained relatively constant and decreased by 0.3 percent, respectively. 

U.S. Territories 

Emissions from U.S. territories are based on the fuel consumption in American Samoa, Guam, Puerto Rico, U.S. 
Virgin Islands, Wake Island, and other U.S. Pacific Islands. As described in the Methodology section for CO2 from 
fossil fuel combustion, this data is collected separately from the sectoral-level data available for the general 
calculations. As sectoral information is not available for U.S. Territories, CO2, CH4, and N2O emissions are not 
presented for U.S. Territories in the tables above, though the emissions will include some transportation and mobile 
combustion sources. 

66 Some commercial customers are large enough to obtain an industrial price for natural gas and/or electricity and are 
consequently grouped with the industrial end-use sector in U.S. energy statistics. These misclassifications of large commercial 
customers likely cause the industrial end-use sector to appear to be more sensitive to weather conditions. 

3-12 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2010 

http:conditions.66


       

 

              
             

              
  

 
              

               
                

              
            

               
               

             
                   

                
                 

                 
             

            

                
              
                

            
     

             
                 

             
               
     

             
                 

                 
           

               
                  

   
          

            

                                                           

        
                  

                
                

               
               

                    
          

                 
            

Transportation Sector 

This discussion of transportation emissions follows the alternative method of presenting combustion emissions by 
allocating emissions associated with electricity generation to the transportation end-use sector, as presented in Table 
3-8. For direct emissions from transportation (i.e., not including emissions associated with the sector’s electricity 
consumption), please see Table 3-7. 

Transportation End-Use Sector 
The transportation end-use sector accounted for 1,772.5 Tg CO2 Eq. in 2010, which represented 33 percent of CO2 
emissions, 23 percent of CH4 emissions, and 48 percent of N2O emissions from fossil fuel combustion, respectively. 
Fuel purchased in the U.S. for international aircraft and marine travel accounted for an additional 127.8 Tg CO2 in 
2010; these emissions are recorded as international bunkers and are not included in U.S. totals according to 
UNFCCC reporting protocols. Among domestic transportation sources, light duty vehicles (including passenger 
cars and light-duty trucks) represented 61 percent of CO2 emissions, medium- and heavy-duty trucks 22 percent, 
commercial aircraft 7 percent, and other sources 10 percent. Passenger car CO2 emissions increased by 20 percent 
from 1990 to 2010, light-duty truck67 CO2 emissions decreased by 3 percent and medium- and heavy-duty trucks 
increased by 74 percent. 68 General aviation aircraft CO2 emissions also increased by nearly 67 percent (6.5 Tg) 
from 1990 to 2010. CO2 from the domestic operation of commercial aircraft decreased by 16 percent (21.4 Tg) from 
1990 to 2010. Across all categories of aviation69, CO2 emissions decreased by 20.6 percent (36.9 Tg) between 
1990 and 2010. This includes a 64 percent (21.9 Tg) decrease in emissions from domestic military operations. For 
further information on all greenhouse gas emissions from transportation sources, please refer to Annex 3.2. See 
Table 3-12 for a detailed breakdown of CO2 emissions by mode and fuel type. 

From 1990 to 2010, transportation emissions rose by 19 percent due, in large part, to increased demand for travel 
and the stagnation of fuel efficiency across the U.S. vehicle fleet. The number of vehicle miles traveled by light-
duty motor vehicles (passenger cars and light-duty trucks) increased 34 percent from 1990 to 2010, as a result of a 
confluence of factors including population growth, economic growth, urban sprawl, and low fuel prices over much 
of this period. 

From 2009 to 2010, CO2 emissions from the transportation end-use sector increased 0.9 percent.  The increase in 
emissions can largely be attributed to increased economic activity in 2010 and an associated increase in the demand 
for transportation. Modes such as medium- and heavy-duty trucks were impacted by the increase in freight transport. 
In contrast, commercial aircraft emissions continued to fall, having decreased 21 percent since 2007, with increased 
jet fuel prices being a factor. 

Almost all of the energy consumed for transportation was supplied by petroleum-based products, with more than 
half being related to gasoline consumption in automobiles and other highway vehicles. Other fuel uses, especially 
diesel fuel for freight trucks and jet fuel for aircraft, accounted for the remainder. The primary driver of 
transportation-related emissions was CO2 from fossil fuel combustion, which increased by 20 percent from 1990 to 
2010.  This rise in CO2 emissions, combined with an increase in HFCs from close to zero emissions in 1990 to 60.2 
Tg CO2 Eq. in 2010, led to an increase in overall emissions from transportation activities of 20 percent. 

Transportation Fossil Fuel Combustion CO2 Emissions 
Domestic transportation CO2 emissions increased by 18 percent (261.0 Tg) between 1990 and 2010, an annualized 
increase of 0.8 percent. The 1 percent increase in emissions between 2009 and 2010 contrasted with the previous 

67 Includes “light-duty trucks” fueled by gasoline, diesel and LPG
	
68 In 2011 FHWA changed how they defined vehicle types for the purposes of reporting VMT for the years 2007-2010. The old 

approach to vehicle classification was based on body type and split passenger vehicles into “Passenger Cars” and “Other 2 Axle 

4-Tire Vehicles”. The new approach is a vehicle classification system based on wheelbase. Vehicles with a wheelbase less than
	
or equal to 121 inches are counted as “Light-duty Vehicles –Short Wheelbase”. Passenger vehicles with a Wheelbase greater
	
than 121 inches are counted as “Light-duty Vehicles - Long Wheelbase”. This change in vehicle classification has moved some 

smaller trucks and sport utility vehicles from the light truck category to the passenger vehicle category in this emission inventory.
	
These changes are reflected in a large drop in light-truck emissions between 2006 and 2007.
	
69 Includes consumption of jet fuel and aviation gasoline. Does not include aircraft bunkers, which are not included in national 

emission totals, in line with IPCC methodological guidance and UNFCCC reporting obligations.
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year’s trend of decreasing emissions. Almost all of the energy consumed by the transportation sector is petroleum-
based, including motor gasoline, diesel fuel, jet fuel, and residual oil. 70 Transportation sources also produce CH4 
and N2O; these emissions are included in Table 3-13 and Table 3-14 in the “Mobile Combustion” Section. Annex 
3.2 presents total emissions from all transportation and mobile sources, including CO2, N2O, CH4, and HFCs. 

Carbon dioxide emissions from passenger cars and light-duty trucks totaled 1,073.5 Tg in 2010, an increase of 13 
percent (123.1 Tg) from 1990. CO2 emissions from passenger cars and light-duty trucks peaked at 1,184.3 Tg in 
2004, and since then have declined about 9 percent. Over the 1990s through early this decade, growth in vehicle 
travel substantially outweighed improvements in vehicle fuel economy; however, the rate of Vehicle Miles Traveled 
(VMT) growth slowed considerably starting in 2005 (and declined rapidly in 2008) while average vehicle fuel 
economy increased. However, in 2010, fuel VMT grew by 0.3 percent, while average fuel economy decreased 
slightly. Among new vehicles sold annually, average fuel economy gradually declined from 1990 to 2004 (Figure 
3-11), reflecting substantial growth in sales of light-duty trucks—in particular, growth in the market share of sport 
utility vehicles—relative to passenger cars (Figure 3-12). New vehicle fuel economy improved beginning in 2005, 
largely due to higher light-duty truck fuel economy standards, which have risen each year since 2005. The overall 
increase in fuel economy is also due to a slightly lower light-duty truck market share, which peaked in 2004 at 44 
percent and declined to 23 percent in 2010.   

Figure 3-11: Sales-Weighted Fuel Economy of New Passenger Cars and Light-Duty Trucks, 1990–2010 

Figure 3-12: Sales of New Passenger Cars and Light-Duty Trucks, 1990–2010 

Table 3-12: CO2 Emissions from Fossil Fuel Combustion in Transportation End-Use Sector (Tg CO2 Eq.) a 

Fuel/Vehicle Type 1990 2005 2006 2007 e 2008 2009 2010 
Gasoline 983.7 1,187.8 1,178.2 1,181.2 1,130.3 1,128.5 1,117.0 
Passenger Cars 621.4 658.0 635.0 800.2 765.5 762.4 753.8 
Light-Duty Trucks 309.1 478.8 491.5 315.5 298.9 304.1 302.2 
Medium- and Heavy-
Duty Trucksb 38.7 

Buses 0.3 
Motorcycles 1.7 
Recreational Boats 12.4 
Distillate Fuel Oil 
(Diesel) 262.9 

Passenger Cars 7.9 
Light-Duty Trucks 11.5 
Medium- and Heavy-
Duty Trucksb 190.5 

Buses 8.0 
Rail 35.5 
Recreational Boats 2.0 
Ships and Other Boats 7.5 
International Bunker 

34.9 
0.4 
1.6 

14.1 

458.1 
4.2 

25.8 

360.7 
10.6 
45.6 
3.1 
8.1 

35.5 
0.4 
1.9 

14.0 

470.3 
4.1 

26.8 

370.0 
10.8 
47.8 
3.2 
7.5 

46.6 
0.7 
4.3 

13.9 

476.3 
4.1 

13.6 

384.6 
15.9 
46.6 
3.3 
8.2 

47.2 
0.8 
4.4 

13.5 

443.5 
3.7 

12.1 

366.1 
15.2 
43.2 
0.9 
2.2 

43.6 43.4 
0.8 0.7 
4.2 3.7 

13.3 13.1 

402.9 418.9 
3.6 3.7 

12.1 12.6 

332.2 345.3 
14.1 14.0 
36.3 39.0 
3.5 3.5 
1.2 0.7 

Fuels c 11.7 9.4 8.8 8.2 9.0 8.3 8.8 
Jet Fuel 176.2 194.2 169.5 168.7 155.1 139.6 140.5 
Commercial Aircraft 135.4 161.2 137.1 138.1 122.2 111.4 114.0 
Military Aircraft 34.4 18.1 16.3 16.1 16.2 14.1 12.5 
General Aviation 6.4 14.9 16.0 14.5 16.6 14.1 14.0 

70 Biofuel estimates are presented for informational purposes only in the Energy chapter, in line with IPCC methodological 
guidance and UNFCCC reporting obligations. Net carbon fluxes from changes in biogenic carbon reservoirs in croplands are 
accounted for in the estimates for Land Use, Land-Use Change, and Forestry (see Chapter 7). More information and additional 
analyses on biofuels are available at EPA's "Renewable Fuels: Regulations & Standards" web page: 
http://www.epa.gov/otaq/fuels/renewablefuels/regulations.htm 

3-14 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2010 
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Aircraft 
International Bunker 
Fuels c 46.4 56.8 74.6 73.8 75.5 68.6 72.5 

Aviation Gasoline 3.1 2.4 2.3 2.2 2.0 1.8 1.9 
General Aviation 
Aircraft 3.1 2.4 2.3 2.2 2.0 1.8 1.9 

Residual Fuel Oil 22.6 19.3 23.0 29.0 19.9 15.4 25.3 
Ships and Other Boats 22.6 19.3 23.0 29.0 19.9 15.4 25.3 
International Bunker 
Fuels c 53.7 43.6 45.0 45.6 49.2 45.4 46.5 

Natural Gas 36.0 33.1 33.1 35.2 36.7 37.9 40.1 
Passenger Cars + + + + + + + 
Light-Duty Trucks + + + + + + + 
Buses + 0.8 0.8 1.0 1.1 1.3 1.3 
Pipeline 36.0 32.2 32.3 34.2 35.6 36.6 38.8 
LPG 1.4 1.7 1.7 1.4 2.5 1.7 1.8 
Light-Duty Trucks 0.6 1.3 1.2 1.0 1.8 1.2 1.2 
Medium- and Heavy-
Duty Trucksb 0.8 0.4 0.5 0.4 0.7 0.5 0.6 

Buses + + + + + + + 
Electricity 3.0 4.7 4.5 5.1 4.7 4.5 4.5 
Rail 3.0 4.7 4.5 5.1 4.7 4.5 4.5 
Total 1,489.0 1,901.3 1,882.6 1,899.0 1,794.5 1,732.4 1,750.0 
Total (Including 
Bunkers) c 1,600.8 2,011.1 2,011.1 2,026.6 1,928.3 1,854.7 1,877.8 

a This table does not include emissions from non-transportation mobile sources, such as agricultural
	
equipment and construction/mining equipment; it also does not include emissions associated with 

electricity consumption by pipelines or lubricants used in transportation.

b Includes medium- and heavy-duty trucks over 8,500 lbs.
	
c Official estimates exclude emissions from the combustion of both aviation and marine international
	
bunker fuels; however, estimates including international bunker fuel-related emissions are presented for
	
informational purposes.

d Residual fuel oil data for ships and boats is based on EIA’s December 2011 Monthly Energy Review
	
e In 2011, FHWA changed how vehicles are classified, moving form a system based on body-type to one
	
that is based on wheelbase. This change in methodology in FHWA’s VM-1 table resulted in large changes
	
in fuel consumption data by vehicle class, thus leading to a shift in emissions among on-road vehicle
	
classes in the 2007-2010 time period. Note: Totals may not sum due to independent rounding.
	
Note: See section 3.10 of this chapter, in line with IPCC methodological guidance and UNFCCC reporting
	
obligations, for more information on ethanol.
	
+ Less than 0.05 Tg CO2 Eq. 
- Unreported or zero 

Mobile Fossil Fuel Combustion CH4 and N2O Emissions 
Mobile combustion includes emissions of CH4 and N2O from all transportation sources identified in the U.S. 
inventory with the exception of pipelines, which are stationary; mobile sources also include non-transportation 
sources such as construction/mining equipment, agricultural equipment, vehicles used off-road, and other sources 
(e.g., snowmobiles, lawnmowers, etc.). Annex 3.2 includes a summary of all emissions from both transportation 
and mobile sources. Table 3-13 and Table 3-14 provide CH4 and N2O emission estimates in Tg CO2 Eq.71 

Mobile combustion was responsible for a small portion of national CH4 emissions (0.3 percent) but was the second 
largest source of U.S. N2O emissions (7 percent). From 1990 to 2010, mobile source CH4 emissions declined by 59 
percent, to 1.9 Tg CO2 Eq. (91 Gg), due largely to control technologies employed in on-road vehicles since the mid-
1990s to reduce CO, NOx, NMVOC, and CH4 emissions. Mobile source emissions of N2O decreased by 53 percent, 
to 20.6 Tg CO2 Eq. (66 Gg). Earlier generation control technologies initially resulted in higher N2O emissions, 
causing a 26 percent increase in N2O emissions from mobile sources between 1990 and 1998. Improvements in 

71 See Annex 3.2 for a complete time series of emission estimates for 1990 through 2010. 
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Fuel Type/Vehicle Typea 1990 2005 2006 2007 e 2008 2009 2010 
Gasoline On-Road 4.2 1.9 1.7 1.6 1.4 1.3 1.2 
Passenger Cars 2.6 1.1 1.0 1.1 1.0 0.9 0.9 
Light-Duty Trucks 1.4 0.7 0.6 0.3 0.3 0.3 0.3 
Medium- and Heavy-Duty 
Trucks and Buses 0.2 0.1 0.1 0.1 0.1 0.1 0.1 

Motorcycles + + + + + + + 
Diesel On-Road + + + + + + + 
Passenger Cars + + + + + + + 
Light-Duty Trucks + + + + + + + 
Medium- and Heavy-Duty 
Trucks and Buses + + + + + + + 

Alternative Fuel On-Road + 0.1 0.1 0.1 0.1 0.1 0.1 
Non-Road 0.4 0.6 0.6 0.5 0.5 0.5 0.4 
Ships and Boats + + + + + + + 
Rail 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Aircraft 0.2 0.2 0.1 0.1 0.1 0.1 0.1 
Agricultural Equipmentb 0.1 0.1 0.1 0.1 0.1 0.1 + 
Construction/Mining 
Equipmentc + 0.1 0.1 0.1 0.1 0.1 0.1 

Otherd 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Total 4.7 2.5 2.4 2.2 2.1 2.0 1.9 

 
         
         
         
 

       
 

         
         
         
         
 

       
 

         
         
         
         
         
         
 

       
 

         
         
          

               
 

            
    

         
       

           
 

            
             

              
     

         
      

 

 
  

         
           
           

  
   
   

  
   

  
  

   
   

Fuel Type/Vehicle Typea 1990 2005 2006 2007 e 2008 2009 2010 
Gasoline On-Road 40.1 32.1 29.0 24.1 20.7 18.3 16.1 
Passenger Cars 25.4 17.8 15.7 17.3 14.6 12.4 10.8 
Light-Duty Trucks 14.1 13.6 12.6 5.8 5.2 5.1 4.6 
Medium- and Heavy-Duty 
Trucks and Buses 0.6 0.8 0.7 0.9 0.9 0.6 0.6 

Motorcycles + + + + + + + 
Diesel On-Road 0.2 0.3 0.3 0.4 0.4 0.4 0.4 
Passenger Cars + + + + + + + 
Light-Duty Trucks + + + + + + + 

 
 
 
 
 

 
 
 
 

        
        
        
 

       
        
        
        
        

later-generation emission control technologies have reduced N2O output, resulting in a 63 percent decrease in 
mobile source N2O emissions from 1998 to 2010 (Figure 3-13). Overall, CH4 and N2O emissions were 
predominantly from gasoline-fueled passenger cars and light-duty trucks. 

Figure 3-13: Mobile Source CH4 and N2O Emissions 

Table 3-13: CH4 Emissions from Mobile Combustion (Tg CO2 Eq.) 

a See Annex 3.2 for definitions of on-road vehicle types. 
b Includes equipment, such as tractors and combines, as well as fuel consumption from trucks that are 
used off-road in agriculture. 
c Includes equipment, such as cranes, dumpers, and excavators, as well as fuel consumption from 
trucks that are used off-road in construction. 
d “Other" includes snowmobiles and other recreational equipment, logging equipment, lawn and 
garden equipment, railroad equipment, airport equipment, commercial equipment, and industrial 
equipment, as well as fuel consumption from trucks that are used off-road for commercial/industrial 
purposes. 
e In 2011, FHWA changed how vehicles are classified, moving from a system based on body-type to 
one that is based on wheelbase. This change in methodology in FHWA’s VM-1 table resulted in large 
changes in VMT by vehicle class, thus leading to a shift in emissions among on-road vehicle classes in 
the 2007 to 2010 time period. 
Note: Totals may not sum due to independent rounding. 
+ Less than 0.05 Tg CO2 Eq. 

Table 3-14: N2O Emissions from Mobile Combustion (Tg CO2 Eq.) 

3-16 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2010 



       

     
   

 

 
 
 
 
 
 
 

 
 

  
  

   
  

  
   

 
  

  
  

Medium- and Heavy-Duty 
Trucks and Buses 0.2 0.3 0.3 0.4 0.4 0.4 0.4 

Alternative Fuel On-Road 0.1 0.2 0.2 0.2 0.2 0.2 0.2 
Non-Road 3.6 4.3 4.2 4.3 3.8 3.6 3.8 
Ships and Boats 0.6 0.6 0.7 0.8 0.5 0.5 0.6 
Rail 0.3 0.4 0.4 0.4 0.3 0.3 0.3 
Aircraft 1.7 1.9 1.6 1.6 1.5 1.3 1.3 
Agricultural Equipmentb 0.2 0.4 0.4 0.4 0.4 0.4 0.4 
Construction/Mining 
Equipmentc 0.3 0.5 0.5 0.5 0.5 0.5 0.6 

Otherd 0.4 0.6 0.6 0.6 0.6 0.6 0.6 
Total 43.9 37.0 33.7 29.0 25.2 22.5 20.6 

       
        
        
        
        
        
        
 

       
        
        
          

              
  

           
    

         
         

           
 

            
             

             
      

        
      

 

 
  

    

 

             
              

             
             

       

        
           

              
                

             
              
             

        

             
             

            
             

                
             

          
         

                                                           

              
              

a See Annex 3.2 for definitions of on-road vehicle types.
	
b Includes equipment, such as tractors and combines, as well as fuel consumption from trucks that
	
are used off-road in agriculture.
	
c Includes equipment, such as cranes, dumpers, and excavators, as well as fuel consumption from
	
trucks that are used off-road in construction.
	
d “Other" includes snowmobiles and other recreational equipment, logging equipment, lawn and 

garden equipment, railroad equipment, airport equipment, commercial equipment, and industrial 

equipment, as well as fuel consumption from trucks that are used off-road for commercial/industrial 

purposes.
	
e In 2011, FHWA changed how vehicles are classified, moving from a system based on body-type to 

one that is based on wheelbase. This change in methodology in FHWA’s VM-1 table resulted in
	
large changes in VMT by vehicle class, thus leading to a shift in emissions among on-road vehicle 

classes in the 2007 to 2010 time period.
	
Note: Totals may not sum due to independent rounding.
	
+ Less than 0.05 Tg CO2 Eq. 

CO2 from Fossil Fuel Combustion 

Methodology 

The methodology used by the United States for estimating CO2 emissions from fossil fuel combustion is 
conceptually similar to the approach recommended by the IPCC for countries that intend to develop detailed, 
sectoral-based emission estimates in line with a Tier 2 method in the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories (IPCC 2006). A detailed description of the U.S. methodology is presented in Annex 
2.1, and is characterized by the following steps: 

1.		 Determine total fuel consumption by fuel type and sector. Total fossil fuel consumption for each year is 
estimated by aggregating consumption data by end-use sector (e.g., commercial, industrial, etc.), primary 
fuel type (e.g., coal, petroleum, gas), and secondary fuel category (e.g., motor gasoline, distillate fuel oil, 
etc.). Fuel consumption data for the United States were obtained directly from the Energy Information 
Administration (EIA) of the U.S. Department of Energy (DOE), primarily from the Monthly Energy 
Review and published supplemental tables on petroleum product detail (EIA 2011b). The EIA does not 
include territories in its national energy statistics, so fuel consumption data for territories were collected 
separately from Jacobs (2010).72 

For consistency of reporting, the IPCC has recommended that countries report energy data using the 
International Energy Agency (IEA) reporting convention and/or IEA data. Data in the IEA format are 
presented "top down"—that is, energy consumption for fuel types and categories are estimated from energy 
production data (accounting for imports, exports, stock changes, and losses). The resulting quantities are 
referred to as "apparent consumption." The data collected in the United States by EIA on an annual basis 
and used in this inventory are predominantly from mid-stream or conversion energy consumers such as 
refiners and electric power generators. These annual surveys are supplemented with end-use energy 
consumption surveys, such as the Manufacturing Energy Consumption Survey, that are conducted on a 

72 Fuel consumption by U.S. territories (i.e., American Samoa, Guam, Puerto Rico, U.S. Virgin Islands, Wake Island, and other 
U.S. Pacific Islands) is included in this report and contributed emissions of 42 Tg CO2 Eq. in 2010. 
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periodic basis (every 4 years). These consumption data sets help inform the annual surveys to arrive at the 
national total and sectoral breakdowns for that total. 73 

It is also important to note that U.S. fossil fuel energy statistics are generally presented using gross calorific 
values (GCV) (i.e., higher heating values). Fuel consumption activity data presented here have not been 
adjusted to correspond to international standards, which are to report energy statistics in terms of net 
calorific values (NCV) (i.e., lower heating values).74 

2.		 Subtract uses accounted for in the Industrial Processes chapter. Portions of the fuel consumption data for 
seven fuel categories—coking coal, distillate fuel, industrial other coal, petroleum coke, natural gas, 
residual fuel oil, and other oil—were reallocated to the industrial processes chapter, as they were consumed 
during non-energy related industrial activity. To make these adjustments, additional data were collected 
from AISI (2004 through 2011), Coffeyville (2011), U.S. Census Bureau (2011), EIA (2011b), USGS 
(1991 through 2011), USGS (1994 through 2011), USGS (1995, 1998, 2000 through 2002), USGS (2007), 
USGS (2009a), USGS (2009b), USGS (2010a), USGS(2010b), USGS (2010c), USGS (2011), USGS (1991 
through 2010a), USGS (1991 through 2010b), USGS (2010) and USGS (2011).75 

3.		 Adjust for conversion of fuels and exports of CO2. Fossil fuel consumption estimates are adjusted 
downward to exclude fuels created from other fossil fuels and exports of CO2.76 Synthetic natural gas is 
created from industrial coal, and is currently included in EIA statistics for both coal and natural gas. 
Therefore, synthetic natural gas is subtracted from energy consumption statistics.77 Since October 2000, 
the Dakota Gasification Plant has been exporting CO2 to Canada by pipeline. Since this CO2 is not emitted 
to the atmosphere in the United States, energy used to produce this CO2 is subtracted from energy 
consumption statistics. To make these adjustments, additional data for ethanol were collected from EIA 
(2011a), data for synthetic natural gas were collected from EIA (2011b), and data for CO2 exports were 
collected from the Eastman Gasification Services Company (2011), Dakota Gasification Company (2006), 
Fitzpatrick (2002), Erickson (2003), EIA (2007b) and DOE (2012). 

4.		 Adjust Sectoral Allocation of Distillate Fuel Oil and Motor Gasoline. EPA had conducted a separate 
bottom-up analysis of transportation fuel consumption based on the Federal Highway Administration’s 
(FHWA) VMT that indicated that the amount of distillate and motor gasoline consumption allocated to the 
transportation sector in the EIA statistics should be adjusted. Therefore, for these estimates, the 
transportation sector’s distillate fuel and motor gasoline consumption was adjusted upward to match the 
value obtained from the bottom-up analysis based on VMT. As the total distillate and motor gasoline 
consumption estimate from EIA are considered to be accurate at the national level, the distillate 
consumption totals for the residential, commercial, and industrial sectors were adjusted downward 
proportionately. The data sources used in the bottom-up analysis of transportation fuel consumption include 
AAR (2009 through 2011), Benson (2002 through 2004), DOE (1993 through 2011), EIA (2009a), EIA 
(1991 through 2011), EPA (2009), and FHWA (1996 through 2012).78 

73 See IPCC Reference Approach for estimating CO2 emissions from fossil fuel combustion in Annex 4 for a comparison of U.S. 
estimates using top-down and bottom-up approaches.
	
74 A crude convention to convert between gross and net calorific values is to multiply the heat content of solid and liquid fossil 

fuels by 0.95 and gaseous fuels by 0.9 to account for the water content of the fuels. Biomass-based fuels in U.S. energy statistics,
	
however, are generally presented using net calorific values.
	
75 See sections on Iron and Steel Production and Metallurgical Coke Production, Ammonia Production and Urea Consumption, 

Petrochemical Production, Titanium Dioxide Production, Ferroalloy Production, Aluminum Production, and Silicon Carbide
	
Production and Consumption in the Industrial Processes chapter.
	
76 Energy statistics from EIA (2012) are already adjusted downward to account for ethanol added to motor gasoline, and biogas
	
in natural gas.
	
77 These adjustments are explained in greater detail in Annex 2.1.
	
78 The source of VMT and fuel consumption is FHWA’s VM-1 table. The data collection methodology has undergone
	
substantial revision for only years 2007 to 2010, while prior years have remain unchanged Several of the vehicle type categories
	
have changed. For instance, passenger car has been replaced by “Light duty vehicle, short WB” and other 4 axle- 2 tire has been
	
replaced by “Light duty vehicle, long WB”. With this change in methodology, there are substantial differences in activity data 

among vehicle classes, even though overall VMT and fuel consumption is unchanged. While this is the best data available on
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5.		 Adjust for fuels consumed for non-energy uses. U.S. aggregate energy statistics include consumption of 
fossil fuels for non-energy purposes. These are fossil fuels that are manufactured into plastics, asphalt, 
lubricants, or other products. Depending on the end-use, this can result in storage of some or all of the C 
contained in the fuel for a period of time. As the emission pathways of C used for non-energy purposes are 
vastly different than fuel combustion (since the C in these fuels ends up in products instead of being 
combusted), these emissions are estimated separately in the Carbon Emitted and Stored in Products from 
Non-Energy Uses of Fossil Fuels section in this chapter. Therefore, the amount of fuels used for non-
energy purposes was subtracted from total fuel consumption. Data on non-fuel consumption was provided 
by EIA (2012). 

6.		 Subtract consumption of international bunker fuels. According to the UNFCCC reporting guidelines 
emissions from international transport activities, or bunker fuels, should not be included in national totals. 
U.S. energy consumption statistics include these bunker fuels (e.g., distillate fuel oil, residual fuel oil, and 
jet fuel) as part of consumption by the transportation end-use sector, however, so emissions from 
international transport activities were calculated separately following the same procedures used for 
emissions from consumption of all fossil fuels (i.e., estimation of consumption, and determination of C 
content).79 The Office of the Under Secretary of Defense (Installations and Environment) and the Defense 
Energy Support Center (Defense Logistics Agency) of the U.S. Department of Defense (DoD) (DESC 
2011) supplied data on military jet fuel and marine fuel use. Commercial jet fuel use was obtained from 
FAA (2006, 2009, 2011, and 2012); residual and distillate fuel use for civilian marine bunkers was obtained 
from DOC (1991 through 2011) for 1990 through 2001 and 2007 through 2010, and DHS (2008) for 2003 
through 2006. Consumption of these fuels was subtracted from the corresponding fuels in the 
transportation end-use sector. Estimates of international bunker fuel emissions for the United States are 
discussed in detail later in the International Bunker Fuels section of this chapter. 

7.		 Determine the total C content of fuels consumed. Total C was estimated by multiplying the amount of fuel 
consumed by the amount of C in each fuel. This total C estimate defines the maximum amount of C that 
could potentially be released to the atmosphere if all of the C in each fuel was converted to CO2. The C 
content coefficients used by the United States were obtained from EIA’s Emissions of Greenhouse Gases in 
the United States 2008 (EIA 2009a), and an EPA analysis of C content coefficients used in the mandatory 
reporting rule (EPA 2010a). A discussion of the methodology used to develop the C content coefficients 
are presented in Annexes 2.1 and 2.2. 

8.		 Estimate CO2 Emissions. Total CO2 emissions are the product of the adjusted energy consumption (from 
the previous methodology steps 1 through 6), the C content of the fuels consumed, and the fraction of C 
that is oxidized. The fraction oxidized was assumed to be 100 percent for petroleum, coal, and natural gas 
based on guidance in IPCC (2006) (see Annex 2.1). 

9.		 Allocate transportation emissions by vehicle type. This report provides a more detailed accounting of 
emissions from transportation because it is such a large consumer of fossil fuels in the United States. For 
fuel types other than jet fuel, fuel consumption data by vehicle type and transportation mode were used to 
allocate emissions by fuel type calculated for the transportation end-use sector. 

•	 For on-road vehicles, annual estimates of combined motor gasoline and diesel fuel consumption by 
vehicle category were obtained from FHWA (1996 through 2012); for each vehicle category, the 
percent gasoline, diesel, and other (e.g., CNG, LPG) fuel consumption are estimated using data from 
DOE (1993 through 2011). 

•	 For non-road vehicles, activity data were obtained from AAR (2009 through 2011), APTA (2007 
through 2011), BEA (1991 through 2011), Benson (2002 through 2004), DOE (1993 through 2011), 
DESC (2011), DOC (1991 through 2011), DOT (1991 through 2011), EIA (2009a), EIA (2011a), EIA 
(2002), EIA (1991 through 2012), EPA (2011b), and Gaffney (2007). 

•	 For jet fuel used by aircraft, CO2 emissions were calculated directly based on reported consumption of 

vehicle activity, the time series reflects changes in the definition of vehicle classes between 2006- 2007 when this change in
	
methodology was implemented.
	
79 See International Bunker Fuels section in this chapter for a more detailed discussion.
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fuel as reported by EIA, and allocated to commercial aircraft using flight-specific fuel consumption 
data from the Federal Aviation Administration’s (FAA) Aviation Environmental Design Tool (AEDT) 
(FAA 2012). 80 Allocation to domestic general aviation was made using FAA Aerospace Forecast data 
(FAA 2011), and allocation to domestic military uses was made using DoD data (see Annex 3.7). 

Heat contents and densities were obtained from EIA (2011a) and USAF (1998). 81 

[BEGIN BOX] 

Box 3-2: Carbon Intensity of U.S. Energy Consumption 

Fossil fuels are the dominant source of energy in the United States, and CO2 is the dominant greenhouse gas emitted 
as a product from their combustion. Energy-related CO2 emissions are impacted by not only lower levels of energy 
consumption but also by lowering the C intensity of the energy sources employed (e.g., fuel switching from coal to 
natural gas). The amount of C emitted from the combustion of fossil fuels is dependent upon the C content of the 
fuel and the fraction of that C that is oxidized. Fossil fuels vary in their average C content, ranging from about 53 
Tg CO2 Eq./QBtu for natural gas to upwards of 95 Tg CO2 Eq./QBtu for coal and petroleum coke.82 In general, the 
C content per unit of energy of fossil fuels is the highest for coal products, followed by petroleum, and then natural 
gas. The overall C intensity of the U.S. economy is thus dependent upon the quantity and combination of fuels and 
other energy sources employed to meet demand. 

Table 3-15 provides a time series of the C intensity for each sector of the U.S. economy. The time series 
incorporates only the energy consumed from the direct combustion of fossil fuels in each sector. For example, the C 
intensity for the residential sector does not include the energy from or emissions related to the consumption of 
electricity for lighting. Looking only at this direct consumption of fossil fuels, the residential sector exhibited the 
lowest C intensity, which is related to the large percentage of its energy derived from natural gas for heating. The C 
intensity of the commercial sector has predominantly declined since 1990 as commercial businesses shift away from 
petroleum to natural gas. The industrial sector was more dependent on petroleum and coal than either the residential 
or commercial sectors, and thus had higher C intensities over this period. The C intensity of the transportation 
sector was closely related to the C content of petroleum products (e.g., motor gasoline and jet fuel, both around 70 
Tg CO2 Eq./EJ), which were the primary sources of energy. Lastly, the electricity generation sector had the highest 
C intensity due to its heavy reliance on coal for generating electricity. 

Table 3-15: Carbon Intensity from Direct Fossil Fuel Combustion by Sector (Tg CO2 Eq./QBtu) 

Sector 1990 2005 2006 2007 2008 2009 2010 
Residential a 57.4 56.6 56.5 56.3 56.0 56.0 56.0 
Commercial a 59.2 57.5 57.2 57.1 56.7 56.9 56.9 
Industrial a 64.3 64.4 64.5 64.1 63.6 63.0 63.3 
Transportation a 

Electricity Generation b 
71.1 
87.3 

71.4 
85.8 

71.6 
85.4 

71.9 
84.7 

71.6 
84.9 

71.5 
83.7 

71.5 
83.5 

U.S. Territories c 73.0 73.4 73.5 73.8 73.3 73.1 73.1 

80 Data for inventory years 2000 through 2005 were developed using the FAA’s System for assessing Aviation’s Global 
Emissions (SAGE) model. That tool has been incorporated into the Aviation Environmental Design Tool (AEDT), which 
calculates noise in addition to aircraft fuel burn and emissions for all commercial flights globally in a given year. Data for 
inventory years 2006-2010 were developed using AEDT. The AEDT model dynamically models aircraft performance in space 
and time to produce fuel burn, emissions and noise. Full flight gate-to-gate analyses are possible for study sizes ranging from a 
single flight at an airport to scenarios at the regional, national, and global levels. AEDT is currently used by the U.S. government 
to consider the interdependencies between aircraft-related fuel burn, noise and emissions. Additional information available at: 
http://www.faa.gov/about/office_org/headquarters_offices/apl/research/models/ 
81 For a more detailed description of the data sources used for the analysis of the transportation end use sector see the Mobile 
Combustion (excluding CO2) and International Bunker Fuels sections of the Energy chapter, Annex 3.2, and Annex 3.7. 
82 One exajoule (EJ) is equal to 1018 joules or 0.9478 QBtu. 
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All Sectors c 73.0 73.6 73.5 73.3 73.1 72.4 72.5 
a Does not include electricity or renewable energy consumption.
	
b Does not include electricity produced using nuclear or renewable energy.
	
c Does not include nuclear or renewable energy consumption.
	
Note: Excludes non-energy fuel use emissions and consumption.
	

Over the twenty-one-year period of 1990 through 2010, however, the C intensity of U.S. energy consumption has 
been fairly constant, as the proportion of fossil fuels used by the individual sectors has not changed significantly. 
Per capita energy consumption fluctuated little from 1990 to 2007, but in 2010 was approximately 8.0 percent below 
levels in 1990 (see Figure 3-14). Due to a general shift from a manufacturing-based economy to a service-based 
economy, as well as overall increases in efficiency, energy consumption and energy-related CO2 emissions per 
dollar of gross domestic product (GDP) have both declined since 1990 (BEA 2011). 

Figure 3-14: U.S. Energy Consumption and Energy-Related CO2 Emissions Per Capita and Per Dollar GDP 

C intensity estimates were developed using nuclear and renewable energy data from EIA (2011a), EPA (2010a), and 
fossil fuel consumption data as discussed above and presented in Annex 2.1. 

[END BOX] 

Uncertainty and Time Series Consistency 

For estimates of CO2 from fossil fuel combustion, the amount of CO2 emitted is directly related to the amount of 
fuel consumed, the fraction of the fuel that is oxidized, and the carbon content of the fuel. Therefore, a careful 
accounting of fossil fuel consumption by fuel type, average carbon contents of fossil fuels consumed, and 
production of fossil fuel-based products with long-term carbon storage should yield an accurate estimate of CO2 
emissions. 

Nevertheless, there are uncertainties in the consumption data, carbon content of fuels and products, and carbon 
oxidation efficiencies. For example, given the same primary fuel type (e.g., coal, petroleum, or natural gas), the 
amount of carbon contained in the fuel per unit of useful energy can vary. For the United States, however, the 
impact of these uncertainties on overall CO2 emission estimates is believed to be relatively small. See, for example, 
Marland and Pippin (1990). 

Although statistics of total fossil fuel and other energy consumption are relatively accurate, the allocation of this 
consumption to individual end-use sectors (i.e., residential, commercial, industrial, and transportation) is less 
certain. For example, for some fuels the sectoral allocations are based on price rates (i.e., tariffs), but a commercial 
establishment may be able to negotiate an industrial rate or a small industrial establishment may end up paying an 
industrial rate, leading to a misallocation of emissions. Also, the deregulation of the natural gas industry and the 
more recent deregulation of the electric power industry have likely led to some minor problems in collecting 
accurate energy statistics as firms in these industries have undergone significant restructuring. 

To calculate the total CO2 emission estimate from energy-related fossil fuel combustion, the amount of fuel used in 
these non-energy production processes were subtracted from the total fossil fuel consumption for . The amount of 
CO2 emissions resulting from non-energy related fossil fuel use has been calculated separately and reported in the 
Carbon Emitted from Non-Energy Uses of Fossil Fuels section of this report. These factors all contribute to the 
uncertainty in the CO2 estimates. Detailed discussions on the uncertainties associated with C emitted from Non-
Energy Uses of Fossil Fuels can be found within that section of this chapter. 

Various sources of uncertainty surround the estimation of emissions from international bunker fuels, which are 
subtracted from the U.S. totals (see the detailed discussions on these uncertainties provided in the International 
Bunker Fuels section of this chapter). Another source of uncertainty is fuel consumption by U.S. territories. The 
United States does not collect energy statistics for its territories at the same level of detail as for the fifty states and 
the District of Columbia. Therefore, estimating both emissions and bunker fuel consumption by these territories is 
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2010 Emission 
Estimate Uncertainty Range Relative to Emission Estimatea 

Fuel/Sector (Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
Lower Upper Lower Upper 
Bound Bound Bound Bound 

Coal b 1,933.2 1,868.0 2,114.1 -3% +9% 
Residential 0.7 0.6 0.8 -6% +15% 
Commercial 5.5 5.2 6.3 -5% +15% 
Industrial 96.2 92.6 112.2 -3% +17% 
Transportation NE NE NE NA NA 
Electricity Generation 1,827.3 1,756.5 2,001.2 -4% +10% 
U.S. Territories 3.5 3.1 4.2 -12% +19% 

 
 

 
 
 
 
  
 
 

                                                           

                
                

                 
       

                
                 

              
        

              
             

      

difficult. 

Uncertainties in the emission estimates presented above also result from the data used to allocate CO2 emissions 
from the transportation end-use sector to individual vehicle types and transport modes. In many cases, bottom-up 
estimates of fuel consumption by vehicle type do not match aggregate fuel-type estimates from EIA. Further 
research is planned to improve the allocation into detailed transportation end-use sector emissions. 

The uncertainty analysis was performed by primary fuel type for each end-use sector, using the IPCC-recommended 
Tier 2 uncertainty estimation methodology, Monte Carlo Stochastic Simulation technique, with @RISK software. 
For this uncertainty estimation, the inventory estimation model for CO2 from fossil fuel combustion was integrated 
with the relevant variables from the inventory estimation model for International Bunker Fuels, to realistically 
characterize the interaction (or endogenous correlation) between the variables of these two models. About 120 input 
variables were modeled for CO2 from energy-related Fossil Fuel Combustion (including about 10 for non-energy 
fuel consumption and about 20 for International Bunker Fuels). 

In developing the uncertainty estimation model, uniform distributions were assumed for all activity-related input 
variables and emission factors, based on the SAIC/EIA (2001) report.83 Triangular distributions were assigned for 
the oxidization factors (or combustion efficiencies). The uncertainty ranges were assigned to the input variables 
based on the data reported in SAIC/EIA (2001) and on conversations with various agency personnel.84 

The uncertainty ranges for the activity-related input variables were typically asymmetric around their inventory 
estimates; the uncertainty ranges for the emissions factors were symmetric. Bias (or systematic uncertainties) 
associated with these variables accounted for much of the uncertainties associated with these variables (SAIC/EIA 
2001).85 For purposes of this uncertainty analysis, each input variable was simulated 10,000 times through Monte 
Carlo Sampling. 

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-16. Fossil fuel combustion 
CO2 emissions in 2010 were estimated to be between 5,260.8 and 5,638.9 Tg CO2 Eq. at a 95 percent confidence 
level. This indicates a range of 2 percent below to 5 percent above the 2010 emission estimate of 5,387.8 Tg CO2 
Eq.  

Table 3-16: Tier 2 Quantitative Uncertainty Estimates for CO2 Emissions from Energy-related Fossil Fuel 
Combustion by Fuel Type and Sector (Tg CO2 Eq. and Percent) 

83 SAIC/EIA (2001) characterizes the underlying probability density function for the input variables as a combination of uniform 
and normal distributions (the former to represent the bias component and the latter to represent the random component). 
However, for purposes of the current uncertainty analysis, it was determined that uniform distribution was more appropriate to 
characterize the probability density function underlying each of these variables. 
84 In the SAIC/EIA (2001) report, the quantitative uncertainty estimates were developed for each of the three major fossil fuels 
used within each end-use sector; the variations within the sub-fuel types within each end-use sector were not modeled. However, 
for purposes of assigning uncertainty estimates to the sub-fuel type categories within each end-use sector in the current 
uncertainty analysis, SAIC/EIA (2001)-reported uncertainty estimates were extrapolated. 
85 Although, in general, random uncertainties are the main focus of statistical uncertainty analysis, when the uncertainty 
estimates are elicited from experts, their estimates include both random and systematic uncertainties. Hence, both these types of 
uncertainties are represented in this uncertainty analysis. 
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Natural Gas b 1,261.6 1,261.9 1,332.5 +0% +6% 
Residential 258.8 250.0 275.2 -3% +7% 
Commercial 167.7 163.2 179.7 -3% +7% 
Industrial 394.2 374.9 412.7 +3% +13% 
Transportation 40.1 35.2 38.8 -3% +7% 
Electricity Generation 399.4 362.3 392.0 -3% +5% 
U.S. Territories 1.5 1.3 1.7 -12% +17% 
Petroleum b 2,192.6 2,032.7 2,291.3 -7% +5% 
Residential 80.7 76.4 84.9 -5% 5% 
Commercial 51.1 48.7 53.2 -5% 4% 
Industrial 287.4 235.7 335.0 -18% 17% 
Transportation 1,705.4 1,565.6 1,791.4 -8% 5% 
Electric Utilities 31.3 29.8 33.7 -5% 8% 
U.S. Territories 36.7 33.8 40.9 -8% 12% 
Total (excluding Geothermal) b 5,387.4 5,260.4 5,638.5 -2% +5% 
Geothermal 0.4 NE NE NE NE 
Total (including Geothermal) b,c 5,387.8 5,260.8 5,638.9 -2% +5% 
NA (Not Applicable)
	
NE (Not Estimated)
	
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
	
b The low and high estimates for total emissions were calculated separately through simulations and, hence, the low
	
and high emission estimates for the sub-source categories do not sum to total emissions.
	
c Geothermal emissions added for reporting purposes, but an uncertainty analysis was not performed for CO2
	

emissions from geothermal production.
	

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2010. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification 

A source-specific QA/QC plan for CO2 from fossil fuel combustion was developed and implemented. This effort 
included a Tier 1 analysis, as well as portions of a Tier 2 analysis. The Tier 2 procedures that were implemented 
involved checks specifically focusing on the activity data and methodology used for estimating CO2 emissions from 
fossil fuel combustion in the United States. Emission totals for the different sectors and fuels were compared and 
trends were investigated to determine whether any corrective actions were needed. Minor corrective actions were 
taken. 

Recalculations Discussion 

The Energy Information Administration (EIA 2011a) updated energy consumption statistics across the time series, 
relative to the previous Inventory. These revisions primarily impacted the emission estimates from 2008 to 2009; 
however revisions to industrial petroleum consumption impacted estimates across the time series. Overall, these 
changes resulted in an average annual decrease of 0.2 Tg CO2 Eq. (less than 0.1 percent) in CO2 emissions from 
fossil fuel combustion for the period 1990 through 2009. 

Planned Improvements 

To reduce uncertainty of CO2 from fossil fuel combustion estimates, efforts will be taken to work with EIA and 
other agencies to improve the quality of the U.S. territories data. This improvement is not all-inclusive, and is part 
of an ongoing analysis and efforts to continually improve the CO2 from fossil fuel combustion estimates. In 
addition, further expert elicitation may be conducted to better quantify the total uncertainty associated with 
emissions from this source. 

The availability of facility-level combustion emissions through EPA’s Greenhouse Gas Reporting Program 
(GHGRP) will be examined to help better characterize the industrial sector’s energy consumption in the United 
States, and further classify business establishments according to industrial economic activity type. Most 
methodologies used in EPA’s GHGRP are consistent with IPCC, though for EPA’s GHGRP, facilities collect 
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detailed information specific to their operations according to detailed measurement standards, which may differ with 
the more aggregated data collected for the Inventory to estimate total, national U.S. emissions. In addition, and 
unlike the reporting requirements for this chapter under the UNFCCC reporting guidelines,86 some facility-level 
fuel combustion emissions reported under the GHGRP may also include industrial process emissions. In line with 
UNFCCC reporting guidelines, fuel combustion emissions are included in this chapter, while process emissions are 
included in the Industrial Processes chapter of this report. In examining data from EPA’s GHGRP that would be 
useful to improve the emission estimates for the CO2 from fossil fuel combustion category, particular attention will 
also be made to ensure time series consistency, as the facility-level reporting data from EPA’s GHGRP are not 
available for all inventory years as reported in this inventory. Additionally, analyses will focus on aligning reported 
facility-level fuel types and IPCC fuel types per the national energy statistics, ensuring CO2 emissions from biomass 
are separated in the facility-level reported data, and maintaining consistency with national energy statistics provided 
by EIA. In implementing improvements and integration of data from EPA’s GHGRP, the latest guidance from the 
IPCC on the use of facility-level data in national inventories will be relied upon.87 

CH4 and N2O from Stationary Combustion 

Methodology 

Methane and N2O emissions from stationary combustion were estimated by multiplying fossil fuel and wood 
consumption data by emission factors (by sector and fuel type for industrial, residential, commercial, and U.S. 
Territories; and by fuel and technology type for the electric power sector). Beginning with this year’s Inventory, the 
electric power sector utilizes a Tier 2 methodology, whereas all other sectors utilize a Tier 1 methodology. The 
activity data and emission factors used are described in the following subsections. 

Industrial, Residential, Commercial, and U.S. Territories 
National coal, natural gas, fuel oil, and wood consumption data were grouped by sector: industrial, commercial, 
residential, and U.S. territories. For the CH4 and N2O estimates, wood consumption data for the United States was 
obtained from EIA’s Annual Energy Review (EIA 2011a). Fuel consumption data for coal, natural gas, and fuel oil 
for the United States were obtained from EIA’s Monthly Energy Review and unpublished supplemental tables on 
petroleum product detail (EIA 2011b). Because the United States does not include territories in its national energy 
statistics, fuel consumption data for territories were provided separately by Jacobs (2010).88 Fuel consumption for 
the industrial sector was adjusted to subtract out construction and agricultural use, which is reported under mobile 
sources.89 Construction and agricultural fuel use was obtained from EPA (2010a). Estimates for wood biomass 
consumption for fuel combustion do not include wood wastes, liquors, municipal solid waste, tires, etc., that are 
reported as biomass by EIA. Tier 1 default emission factors for these three end-use sectors were provided by the 
2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006). U.S. territories’ emission factors 
were estimated using the U.S. emission factors for the primary sector in which each fuel was combusted. 

Electric Power Sector 
In this year’s Inventory, the emission estimation methodology for the electric power sector was revised from Tier 1 
to Tier 2 as fuel consumption for the electricity generation sector by control-technology type was obtained from 
EPA’s Acid Rain Program Dataset (EPA 2011). This combustion technology- and fuel-use data was available by 
facility from 1996 to 2010. 

Since there was a difference between the EPA (2011) and EIA (2011a) total energy consumption estimates, the 

86 See <http://unfccc.int/resource/docs/2006/sbsta/eng/09.pdf> 
87 See <http://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/1008_Model_and_Facility_Level_Data_Report.pdf> 
88 U.S. territories data also include combustion from mobile activities because data to allocate territories’ energy use were 
unavailable. For this reason, CH4 and N2O emissions from combustion by U.S. territories are only included in the stationary 
combustion totals.
	
89 Though emissions from construction and farm use occur due to both stationary and mobile sources, detailed data was not
	
available to determine the magnitude from each. Currently, these emissions are assumed to be predominantly from mobile
	
sources.
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remainder between total energy consumption using EPA (2011) and EIA (2011a) was apportioned to each 
combustion technology type and fuel combination using a ratio of energy consumption by technology type from 
1996 to 2010. 

Energy consumption estimates were not available from 1990 to 1995 in the EPA (2011) dataset, and as a result, 
consumption was calculated using total electric power consumption from EIA (2011a) and the ratio of combustion 
technology and fuel types from EPA (2011). The consumption estimates from 1990 to 1995 were estimated by 
applying the 1996 consumption ratio by combustion technology type to the total EIA consumption for each year 
from 1990 to 1995. Emissions were estimated by multiplying fossil fuel and wood consumption by technology- and 
fuel-specific Tier 2 IPCC emission factors. 

Lastly, there were significant differences between wood biomass consumption in the electric power sector between 
the EPA (2011) and EIA (2011a) datasets. The difference in wood biomass consumption in the electric power sector 
was distributed to the residential, commercial, and industrial sectors according to their percent share of wood 
biomass energy consumption calculated from EIA (2011a). 

More detailed information on the methodology for calculating emissions from stationary combustion, including 
emission factors and activity data, is provided in Annex 3.1. 

Uncertainty and Time-Series Consistency 

Methane emission estimates from stationary sources exhibit high uncertainty, primarily due to difficulties in 
calculating emissions from wood combustion (i.e., fireplaces and wood stoves). The estimates of CH4 and N2O 
emissions presented are based on broad indicators of emissions (i.e., fuel use multiplied by an aggregate emission 
factor for different sectors), rather than specific emission processes (i.e., by combustion technology and type of 
emission control). 

An uncertainty analysis was performed by primary fuel type for each end-use sector, using the IPCC-recommended 
Tier 2 uncertainty estimation methodology, Monte Carlo Stochastic Simulation technique, with @RISK software. 

The uncertainty estimation model for this source category was developed by integrating the CH4 and N2O stationary 
source inventory estimation models with the model for CO2 from fossil fuel combustion to realistically characterize 
the interaction (or endogenous correlation) between the variables of these three models. About 55 input variables 
were simulated for the uncertainty analysis of this source category (about 20 from the CO2 emissions from fossil 
fuel combustion inventory estimation model and about 35 from the stationary source inventory models). 

In developing the uncertainty estimation model, uniform distribution was assumed for all activity-related input 
variables and N2O emission factors, based on the SAIC/EIA (2001) report.90 For these variables, the uncertainty 
ranges were assigned to the input variables based on the data reported in SAIC/EIA (2001).91 However, the CH4 
emission factors differ from those used by EIA. Since these factors were obtained from IPCC/UNEP/OECD/IEA 
(1997), uncertainty ranges were assigned based on IPCC default uncertainty estimates (IPCC 2000). 

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-17. Stationary combustion 
CH4 emissions in 2010 (including biomass) were estimated to be between 3.8 and 14.4 Tg CO2 Eq. at a 95 percent 
confidence level. This indicates a range of 40 percent below to 128 percent above the 2010 emission estimate of 6.3 
Tg CO2 Eq.92 Stationary combustion N2O emissions in 2010 (including biomass) were estimated to be between 9.9 
and 38.8 Tg CO2 Eq. at a 95 percent confidence level. This indicates a range of 56 percent below to 72 percent 
above the 2010 emissions estimate of 22.6 Tg CO2 Eq. 

90 SAIC/EIA (2001) characterizes the underlying probability density function for the input variables as a combination of uniform 
and normal distributions (the former distribution to represent the bias component and the latter to represent the random 
component). However, for purposes of the current uncertainty analysis, it was determined that uniform distribution was more 
appropriate to characterize the probability density function underlying each of these variables. 
91 In the SAIC/EIA (2001) report, the quantitative uncertainty estimates were developed for each of the three major fossil fuels 
used within each end-use sector; the variations within the sub-fuel types within each end-use sector were not modeled. However, 
for purposes of assigning uncertainty estimates to the sub-fuel type categories within each end-use sector in the current 
uncertainty analysis, SAIC/EIA (2001)-reported uncertainty estimates were extrapolated. 
92 The low emission estimates reported in this section have been rounded down to the nearest integer values and the high 
emission estimates have been rounded up to the nearest integer values. 
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Source Gas 2010 Emission Uncertainty Range Relative to Emission Estimatea 

Estimate 
(Tg CO2 Eq.) (Tg CO2 Eq.) (%) 

Lower Upper Lower Upper 
Bound Bound Bound Bound 

Stationary Combustion CH4 6.3 3.8 14.4 -40% +128%
	
Stationary Combustion N2O 22.6 9.9 38.8 -56% +72%
	

 
 

 
 
            

 
 

 

             
               

             
              

              
   

            
                 

 

   

              
                  

            
              

          

  

             
             
               

                
          

               
             

              
               

  

   

              
                  

               
               

            
            

               

              
              

               

Table 3-17: Tier 2 Quantitative Uncertainty Estimates for CH4 and N2O Emissions from Energy-Related Stationary 
Combustion, Including Biomass (Tg CO2 Eq. and Percent) 

a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence
	
interval.
	

The uncertainties associated with the emission estimates of CH4 and N2O are greater than those associated with 
estimates of CO2 from fossil fuel combustion, which mainly rely on the carbon content of the fuel combusted. 
Uncertainties in both CH4 and N2O estimates are due to the fact that emissions are estimated based on emission 
factors representing only a limited subset of combustion conditions. For the indirect greenhouse gases, uncertainties 
are partly due to assumptions concerning combustion technology types, age of equipment, emission factors used, 
and activity data projections. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2010. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification 

A source-specific QA/QC plan for stationary combustion was developed and implemented. This effort included a 
Tier 1 analysis, as well as portions of a Tier 2 analysis. The Tier 2 procedures that were implemented involved 
checks specifically focusing on the activity data and emission factor sources and methodology used for estimating 
CH4, N2O, and the indirect greenhouse gases from stationary combustion in the United States. Emission totals for 
the different sectors and fuels were compared and trends were investigated. 

Recalculations Discussion 

Historical CH4 and N2O emissions from stationary sources (excluding CO2) were revised due to a few of changes, 
impacting the entire time series, relative to the previous Inventory. Slight changes to emission estimates for sectors 
are due to revised data from EIA (2011). Wood consumption data in EIA (2011) were revised for the residential, 
commercial, electric power, and industrial sectors from 1990 to 2009. Additionally, a Tier 2 emission estimation 
methodology was applied to estimate emissions from the electric power sector across the entire time series. This 
primarily impacted N2O emission estimates, as the number of coal fluidized bed boilers increased significantly from 
2000 through 2005. The combination of the methodological and historical data changes resulted in an average 
annual increase of less than 0.1 Tg CO2 Eq. (0.5 percent) in CH4 emissions from stationary combustion and an 
average annual increase of 1.9 Tg CO2 Eq. (13.7 percent) in N2O emissions from stationary combustion for the 
period 1990 through 2009. 

Planned Improvements 

Several items are being evaluated to improve the CH4 and N2O emission estimates from stationary combustion and 
to reduce uncertainty. Efforts will be taken to work with EIA and other agencies to improve the quality of the U.S. 
territories data. Because these data are not broken out by stationary and mobile uses, further research will be aimed 
at trying to allocate consumption appropriately. In addition, the uncertainty of biomass emissions will be further 
investigated since it was expected that the exclusion of biomass from the uncertainty estimates would reduce the 
uncertainty; and in actuality the exclusion of biomass increases the uncertainty. These improvements are not all-
inclusive, but are part of an ongoing analysis and efforts to continually improve these stationary estimates. 

Beginning in 2010, those facilities that emit over 25,000 tons of greenhouse gases (CO2 Eq.) from stationary 
combustion across all sectors of the economy are required to calculate and report their greenhouse gas emissions to 
EPA through its GHGRP. These data will be used in future inventories to improve the emission calculations through 
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the use of these collected higher tier methodological data. 

Future improvements to the CH4 and N2O from Stationary Combustion category involve research into the 
availability of CH4 and N2O from stationary combustion data, and analyzing data reported under EPA’s GHGRP. In 
examining data from EPA’s GHGRP that would be useful to improve the emission estimates for CH4 and N2O from 
Stationary Combustion category, particular attention will be made to ensure time series consistency, as the facility-
level reporting data from EPA’s GHGRP are not available for all Inventory years as reported in this inventory. In 
implementing improvements and integration of data from EPA’s GHGRP, the latest guidance from the IPCC on the 
use of facility-level data in national inventories will be relied upon. 93 

CH4 and N2O from Mobile Combustion 

Methodology 

Estimates of CH4 and N2O emissions from mobile combustion were calculated by multiplying emission factors by 
measures of activity for each fuel and vehicle type (e.g., light-duty gasoline trucks). Activity data included vehicle 
miles traveled (VMT) for on-road vehicles and fuel consumption for non-road mobile sources. The activity data and 
emission factors used are described in the subsections that follow. A complete discussion of the methodology used 
to estimate CH4 and N2O emissions from mobile combustion and the emission factors used in the calculations is 
provided in Annex 3.2. 

On-Road Vehicles 
Estimates of CH4 and N2O emissions from gasoline and diesel on-road vehicles are based on VMT and emission 
factors by vehicle type, fuel type, model year, and emission control technology. Emission estimates for alternative 
fuel vehicles (AFVs)94 are based on VMT and emission factors by vehicle and fuel type. 

Emission factors for gasoline and diesel on-road vehicles utilizing Tier 2 and Low Emission Vehicle (LEV) 
technologies were developed by ICF (2006b); all other gasoline and diesel on-road vehicle emissions factors were 
developed by ICF (2004). These factors were derived from EPA, California Air Resources Board (CARB) and 
Environment Canada laboratory test results of different vehicle and control technology types. The EPA, CARB and 
Environment Canada tests were designed following the Federal Test Procedure (FTP), which covers three separate 
driving segments, since vehicles emit varying amounts of greenhouse gases depending on the driving segment. 
These driving segments are: (1) a transient driving cycle that includes cold start and running emissions, (2) a cycle 
that represents running emissions only, and (3) a transient driving cycle that includes hot start and running 
emissions. For each test run, a bag was affixed to the tailpipe of the vehicle and the exhaust was collected; the 
content of this bag was then analyzed to determine quantities of gases present. The emissions characteristics of 
segment 2 were used to define running emissions, and subtracted from the total FTP emissions to determine start 
emissions. These were then recombined based upon the ratio of start to running emissions for each vehicle class 
from MOBILE6.2, an EPA emission factor model that predicts gram per mile emissions of CO2, CO, HC, NOx, and 
PM from vehicles under various conditions, to approximate average driving characteristics.95 

Emission factors for AFVs were developed by ICF (2006a) after examining Argonne National Laboratory’s GREET 
1.7–Transportation Fuel Cycle Model (ANL 2006) and Lipman and Delucchi (2002). These sources describe AFV 
emission factors in terms of ratios to conventional vehicle emission factors. Ratios of AFV to conventional vehicle 
emissions factors were then applied to estimated Tier 1 emissions factors from light-duty gasoline vehicles to 
estimate light-duty AFVs. Emissions factors for heavy-duty AFVs were developed in relation to gasoline heavy-
duty vehicles. A complete discussion of the data source and methodology used to determine emission factors from 
AFVs is provided in Annex 3.2. 

Annual VMT data for 1990 through 2010 were obtained from the Federal Highway Administration’s (FHWA) 
Highway Performance Monitoring System database as reported in Highway Statistics (FHWA 1996 through 

93 See <http://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/1008_Model_and_Facility_Level_Data_Report.pdf>
	
94 Alternative fuel and advanced technology vehicles are those that can operate using a motor fuel other than gasoline or diesel. 

This includes electric or other bi-fuel or dual-fuel vehicles that may be partially powered by gasoline or diesel.
	
95 Additional information regarding the model can be found online at http://www.epa.gov/OMS/m6.htm.
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2012).96 VMT estimates were then allocated from FHWA’s vehicle categories to fuel-specific vehicle categories 
using the calculated shares of vehicle fuel use for each vehicle category by fuel type reported in DOE (1993 through 
2011) and information on total motor vehicle fuel consumption by fuel type from FHWA (1996 through 2012).  
VMT for AFVs were taken from Browning (2003). The age distributions of the U.S. vehicle fleet were obtained 
from EPA (2011a, 2000), and the average annual age-specific vehicle mileage accumulation of U.S. vehicles were 
obtained from EPA (2000). 

Control technology and standards data for on-road vehicles were obtained from EPA’s Office of Transportation and 
Air Quality (EPA 2007a, 2007b, 2000, 1998, and 1997) and Browning (2005). These technologies and standards are 
defined in Annex 3.2, and were compiled from EPA (1993, 1994a, 1994b, 1998, 1999a) and 
IPCC/UNEP/OECD/IEA (1997). 

Non-Road Vehicles 
To estimate emissions from non-road vehicles, fuel consumption data were employed as a measure of activity, and 
multiplied by fuel-specific emission factors (in grams of N2O and CH4 per kilogram of fuel consumed).97 Activity 
data were obtained from AAR (2009 through 2011), APTA (2007 through 2011), APTA (2006), BEA (1991 through 
2005), Benson (2002 through 2004), DHS (2008), DOC (1991 through 2011), DOE (1993 through 2011), DESC 
(2011), DOT (1991 through 2011), EIA (2008a, 2011, 2012 2002), EIA (2007 through 2011), EIA (1991 through 
2012), EPA (2009), Esser (2003 through 2004), FAA (2012, 2011, and 2006), and Gaffney (2007). Emission factors 
for non-road modes were taken from IPCC/UNEP/OECD/IEA (1997) and Browning (2009). 

Uncertainty and Time-Series Consistency 

A quantitative uncertainty analysis was conducted for the mobile source sector using the IPCC-recommended Tier 2 
uncertainty estimation methodology, Monte Carlo Stochastic Simulation technique, using @RISK software. The 
uncertainty analysis was performed on 2010 estimates of CH4 and N2O emissions, incorporating probability 
distribution functions associated with the major input variables. For the purposes of this analysis, the uncertainty 
was modeled for the following four major sets of input variables: (1) vehicle miles traveled (VMT) data, by on-road 
vehicle and fuel type and (2) emission factor data, by on-road vehicle, fuel, and control technology type, (3) fuel 
consumption, data, by non-road vehicle and equipment type, and (4) emission factor data, by non-road vehicle and 
equipment type. 

Uncertainty analyses were not conducted for NOx, CO, or NMVOC emissions. Emission factors for these gases 
have been extensively researched since emissions of these gases from motor vehicles are regulated in the United 
States, and the uncertainty in these emission estimates is believed to be relatively low. However, a much higher 
level of uncertainty is associated with CH4 and N2O emission factors, because emissions of these gases are not 
regulated in the United States (and, therefore, there are not adequate emission test data), and because, unlike CO2 
emissions, the emission pathways of CH4 and N2O are highly complex. 

Mobile combustion CH4 emissions from all mobile sources in 2010 were estimated to be between 1.7 and 2.1 Tg 
CO2 Eq. at a 95 percent confidence level. This indicates a range of 10 percent below to 9 percent above the 
corresponding 2010 emission estimate of 1.9 Tg CO2 Eq. Also at a 95 percent confidence level, mobile combustion 
N2O emissions from mobile sources in 2010 were estimated to be between 19.3 and 25.9 Tg CO2 Eq., indicating a 
range of 6 percent below to 26 percent above the corresponding 2010 emission estimate of 20.6 Tg CO2 Eq.  

Table 3-18: Tier 2 Quantitative Uncertainty Estimates for CH4 and N2O Emissions from Mobile Sources (Tg CO2 
Eq. and Percent) 

96 The source of VMT and fuel consumption is FHWA’s VM-1 table. The data collection methodology has undergone 
substantial revision for only years 2007-2010, while prior years have remain unchanged Several of the vehicle type categories 
have changed. For instance, passenger car has been replaced by “Light duty vehicle, short WB” and other 4 axle- 2 tire has been 
replaced by “Light duty vehicle, long WB”. With this change in methodology, there are substantial differences in activity data 
among vehicle classes, even though overall VMT and fuel consumption is unchanged. While this is the best data available on 
vehicle activity, the time series reflects changes in the definition of vehicle classes between 2006- 2007 when this change in 
methodology was implemented. 
97 The consumption of international bunker fuels is not included in these activity data, but is estimated separately under the 
International Bunker Fuels source category. 
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Source Gas 2010 Emission Uncertainty Range Relative to Emission Estimatea 

Estimatea 

(Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
Lower Bound Upper Bound Lower Bound Upper Bound 

Mobile Sources CH4 1.9 1.7 2.1 -10% +9% 
Mobile Sources N2O 20.6 19.3 25.9 -6% +26% 
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence
	
interval.
	

This uncertainty analysis is a continuation of a multi-year process for developing quantitative uncertainty estimates 
for this source category using the IPCC Tier 2 approach to uncertainty analysis. As a result, as new information 
becomes available, uncertainty characterization of input variables may be improved and revised. For additional 
information regarding uncertainty in emission estimates for CH4 and N2O please refer to the Uncertainty Annex. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification 

A source-specific QA/QC plan for mobile combustion was developed and implemented. This plan is based on the 
IPCC-recommended QA/QC Plan. The specific plan used for mobile combustion was updated prior to collection and 
analysis of this current year of data. This effort included a Tier 1 analysis, as well as portions of a Tier 2 analysis. 
The Tier 2 procedures focused on the emission factor and activity data sources, as well as the methodology used for 
estimating emissions. These procedures included a qualitative assessment of the emissions estimates to determine 
whether they appear consistent with the most recent activity data and emission factors available. A comparison of 
historical emissions between the current Inventory and the previous inventory was also conducted to ensure that the 
changes in estimates were consistent with the changes in activity data and emission factors. 

Recalculations Discussion 

In order to ensure that these estimates are continuously improved, the calculation methodology is revised annually 
based on comments from internal and external reviewers. Each year, adjustments are made to the methodologies 
used in calculating emissions in the current Inventory relative to previous Inventory reports. 

In 2011, FHWA revised the methodology of their VM-1 table, which provides the source data for on-road vehicle 
VMT, fuel consumption, and miles per gallon. FHWA’s data collection methodology has undergone substantial 
revision for only years 2007 to 2010, while prior years have remained unchanged. With this revision, several of the 
vehicle type categories have changed. For instance, passenger car has been replaced by “Light duty vehicle, short 
wheel-base” and other 4 axle- 2 tire has been replaced by “Light duty vehicle, long wheel-base”. With this change 
in methodology, there are substantial differences in activity data among vehicle classes, even though overall VMT 
and fuel consumption is unchanged. While this is the best data available on vehicle activity, the time series reflects 
changes in the definition of vehicle classes between 2006- 2007, when this change in methodology was 
implemented. 

The underlying data used for calculating Alternative Fuel Vehicles VMT has changed substantially. This data is 
supplied by the U.S. Energy Information Administration, Office of Energy Consumption and Efficiency Statistics, 
and the DOE/GSA Federal Automotive Statistical Tool (FAST). EIA changed its reporting methodology for 2005-
2010, and has provided more detail on alternative fuel vehicle use by vehicle class. The fuel use breakdown by 
vehicle class had previously been based on estimates of the distribution of fuel use by vehicle class, while the new 
data from EIA allowed actual data to be used for fuel use, and resulted in greater share of heavy-duty AFV VMT 
estimated for 2005-2010. 

As a result of these changes, estimates of CH4 emissions were slightly higher than previous Inventory years, while 
N2O emissions were slightly higher for 2005 and 2006 and lower for 2007 through 2009. CH4 emissions for 2006 
increased the most, 2 percent (less than 0.1 Tg CO2 Eq.). N2O emissions for 2009 decreased 6 percent (1.4 Tg CO2 
Eq.), the greatest decrease relative to the previous inventory. 
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Planned Improvements 

While the data used for this report represent the most accurate information available, four areas have been identified 
that could potentially be improved in the short-term given available resources. 

1.		 Develop updated emissions factors for diesel vehicles, motorcycle, and biodiesel vehicles. Previous 
emission factors were based upon extrapolations from other vehicle classes and new test data from 
Environment Canada and other sources may allow for better estimation of emission factors for these 
vehicles. 

2.		 Develop new emission factors for non-road equipment. The current inventory estimates for non-CO2 
emissions from non-road sources are based on emission factors from IPCC guidelines published in 1996. 
Recent data on non-road sources from Environment Canada and the California Air Resources Board will be 
investigated in order to assess the feasibility of developing new N2O and CH4 emissions factors for non-
road equipment. 

3.		 Examine the feasibility of estimating aircraft N2O and CH4 emissions by the number of takeoffs and 
landings, instead of total fuel consumption. Various studies have indicated that aircraft N2O and CH4 
emissions are more dependent on aircraft takeoffs and landings than on total aircraft fuel consumption; 
however, aircraft emissions are currently estimated from fuel consumption data. FAA’s SAGE and AEDT 
databases contain detailed data on takeoffs and landings for each calendar year starting in 2000, and could 
potentially be used to conduct a Tier II analysis of aircraft emissions. This methodology will require a 
detailed analysis of the number of takeoffs and landings by aircraft type on domestic trips, the development 
of procedures to develop comparable estimates for years prior to 2000, and the dynamic interaction of 
ambient air with aircraft exhausts is developed. The feasibility of this approach will be explored. 

4.		 Develop improved estimates of domestic waterborne fuel consumption. The inventory estimates for 
residual and distillate fuel used by ships and boats is based in part on data on bunker fuel use from the U.S. 
Department of Commerce. Domestic fuel consumption is estimated by subtracting fuel sold for 
international use from the total sold in the United States. It may be possible to more accurately estimate 
domestic fuel use and emissions by using detailed data on marine ship activity. The feasibility of using 
domestic marine activity data to improve the estimates will be investigated. 

5.		 Continue to examine the use of EPA’s MOVES model in the development of the inventory estimates, 
including use for uncertainty analysis. Although the inventory uses some of the underlying data from 
MOVES, such as vehicle age distributions by model year, MOVES is not used directly in calculating 
mobile source emissions. As MOVES goes through additional testing and refinement, the use of MOVES 
will be further explored. 

3.2. Carbon Emitted from Non-Energy Uses of Fossil Fuels (IPCC Source 
Category 1A) 
In addition to being combusted for energy, fossil fuels are also consumed for non-energy uses (NEU) in the United 
States. The fuels used for these purposes are diverse, including natural gas, liquefied petroleum gases (LPG), 
asphalt (a viscous liquid mixture of heavy crude oil distillates), petroleum coke (manufactured from heavy oil), and 
coal (metallurgical) coke (manufactured from coking coal). The non-energy applications of these fuels are equally 
diverse, including feedstocks for the manufacture of plastics, rubber, synthetic fibers and other materials; reducing 
agents for the production of various metals and inorganic products; and non-energy products such as lubricants, 
waxes, and asphalt (IPCC 2006). 

CO2 emissions arise from non-energy uses via several pathways. Emissions may occur during the manufacture of a 
product, as is the case in producing plastics or rubber from fuel-derived feedstocks. Additionally, emissions may 
occur during the product’s lifetime, such as during solvent use. Overall, throughout the time series and across all 
uses, about 62 percent of the total C consumed for non-energy purposes was stored in products, and not released to 
the atmosphere; the remaining 38 percent was emitted. 

There are several areas in which non-energy uses of fossil fuels are closely related to other parts of the inventory. 
For example, some of the NEU products release CO2 at the end of their commercial life when they are combusted 
after disposal; these emissions are reported separately within the Energy chapter in the Incineration of Waste source 
category. In addition, there is some overlap between fossil fuels consumed for non-energy uses and the fossil-
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C Stored		 191.3 243.1 237.8 232.1 203.1 186.9 191.7 

Year 1990 2005 2006 2007 2008 2009 2010 
Potential Emissions 310.9 387.2 381.6 367.0 341.7 310.6 316.9 

Emissions as a % of Potential 38% 37% 38% 37% 41% 40% 39% 
Emissions 119.6 144.1 143.8 134.9 138.6 123.7 125.1 

        
        
 
       

 
                  

               
             

                  
               
                 

             
              
 

                
   

            
             

              
                

                
           

          
             

            
          

               
          

  

         
          
          
          

                                                           

            
          

      

derived CO2 emissions accounted for in the Industrial Processes chapter, especially for fuels used as reducing 
agents. To avoid double-counting, the “raw” non-energy fuel consumption data reported by EIA are modified to 
account for these overlaps. There are also net exports of petrochemicals that are not completely accounted for in the 
EIA data, and the inventory calculations make adjustments to address the effect of net exports on the mass of C in 
non-energy applications. 

As shown in Table 3-19, fossil fuel emissions in 2010 from the non-energy uses of fossil fuels were 125.1 Tg CO2 
Eq., which constituted approximately 2 percent of overall fossil fuel emissions. In 2010, the consumption of fuels 
for non-energy uses (after the adjustments described above) was 4,651.0 TBtu, an increase of 4.3 percent since 1990 
(see Table 3-20). About 52.3 Tg of the C (191.7 Tg CO2 Eq.) in these fuels was stored, while the remaining 34.1 Tg 
C (125.1 Tg CO2 Eq.) was emitted. 

Table 3-19:  CO2  Emissions  from  Non-Energy  Use  Fossil  Fuel  Consumption  (Tg  CO2  Eq.)  

Methodology 
The first step in estimating C stored in products was to determine the aggregate quantity of fossil fuels consumed for 
non-energy uses. The C content of these feedstock fuels is equivalent to potential emissions, or the product of 
consumption and the fuel-specific C content values. Both the non-energy fuel consumption and C content data were 
supplied by the EIA (2011) (see Annex 2.1). Consumption of natural gas, LPG, pentanes plus, naphthas, other oils, 
and special naphtha were adjusted to account for net exports of these products that are not reflected in the raw data 
from EIA. Consumption values for industrial coking coal, petroleum coke, other oils, and natural gas in Table 3-20 
and Table 3-21 have been adjusted to subtract non-energy uses that are included in the source categories of the 
Industrial Processes chapter.98 Consumption values were also adjusted to subtract net exports of intermediary 
chemicals. 

For the remaining non-energy uses, the quantity of C stored was estimated by multiplying the potential emissions by 
a storage factor. 

•	 For several fuel types—petrochemical feedstocks (including natural gas for non-fertilizer uses, LPG, 
pentanes plus, naphthas, other oils, still gas, special naphtha, and industrial other coal), asphalt and road oil, 
lubricants, and waxes—U.S. data on C stocks and flows were used to develop C storage factors, calculated 
as the ratio of (a) the C stored by the fuel’s non-energy products to (b) the total C content of the fuel 
consumed. A lifecycle approach was used in the development of these factors in order to account for losses 
in the production process and during use. Because losses associated with municipal solid waste 
management are handled separately in this sector under the Incineration of Waste source category, the 
storage factors do not account for losses at the disposal end of the life cycle. 

•	 For industrial coking coal and distillate fuel oil, storage factors were taken from IPCC/UNEP/OECD/IEA 
(1997), which in turn draws from Marland and Rotty (1984). 

•	 For the remaining fuel types (petroleum coke, miscellaneous products, and other petroleum), IPCC does not 
provide guidance on storage factors, and assumptions were made based on the potential fate of C in the 
respective NEU products. 

Table 3-20: Adjusted Consumption of Fossil Fuels for Non-Energy Uses (TBtu) 

Year 1990 2005 2006 2007 2008 2009 2010 
Industry 4,197.8 5,309.5 5,181.3 5,012.3 4,626.9 4,335.1 4,453.5 

98 These source categories include Iron and Steel Production, Lead Production, Zinc Production, Ammonia Manufacture, Carbon 
Black Manufacture (included in Petrochemical Production), Titanium Dioxide Production, Ferroalloy Production, Silicon 
Carbide Production, and Aluminum Production. 
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Industrial Coking Coal + 80.5 62.9 2.3 29.2 6.4 64.9 
Industrial Other Coal 8.2 11.9 11.9 11.9 11.9 11.9 10.3 
Natural Gas to Chemical 
Plants 263.7 390.1 228.3 223.0 227.3 220.5 222.8 

Asphalt & Road Oil 1,170.2 1,323.2 1,261.2 1,197.0 1,012.0 873.1 877.8 
LPG 1,168.7 1,667.9 1,754.8 1,703.3 1,609.2 1,702.6 1,817.3 
Lubricants 186.3 160.2 156.1 161.2 149.6 134.5 149.5 
Pentanes Plus 84.9 105.2 74.3 91.6 64.9 70.1 67.8 
Naphtha (<401 ° F) 326.2 680.5 618.3 542.5 467.2 451.3 472.7 
Other Oil (>401 ° F) 662.1 500.4 573.6 669.1 599.1 393.0 404.9 
Still Gas 21.3 67.7 57.2 44.2 47.3 133.9 147.2 
Petroleum Coke 27.2 105.2 134.2 117.8 147.4 112.1 1.1 
Special Naphtha 100.9 61.0 68.9 75.4 83.2 44.3 25.6 
Distillate Fuel Oil 7.0 11.7 17.5 17.5 17.5 17.5 17.5 
Waxes 33.3 31.4 26.1 21.9 19.1 12.2 15.4 
Miscellaneous Products 137.8 112.8 136.0 133.5 142.0 151.8 158.8 

Transportation 176.0 151.3 147.4 152.2 141.3 127.1 141.2 
Lubricants 176.0 151.3 147.4 152.2 141.3 127.1 141.2 

U.S. Territories 86.7 121.9 133.4 108.4 126.7 56.3 56.3 
Lubricants 0.7 4.6 6.2 5.9 2.7 1.0 1.0 
Other Petroleum (Misc. 
Prod.) 86.0 117.3 127.2 102.5 124.1 55.2 55.2 

Total 4,460.5 5,582.8 5,462.1 5,272.9 4,895.0 4,518.4 4,651.0 

Table 3-21: 2010 Adjusted Non-Energy Use Fossil Fuel Consumption, Storage, and Emissions 

Adjusted Carbon 
Non-Energy Content Potential Carbon Carbon Carbon 

Usea Coefficient Carbon Storage Stored Emissions Emissions 
Sector/Fuel Type (TBtu) (Tg C/QBtu) (Tg C) Factor (Tg C) (Tg C) (Tg CO2 Eq.) 
Industry 4,453.5 - 82.4 - 51.9 30.5 111.9 
Industrial Coking Coal 64.9 25.61 1.7 0.10 0.2 1.5 5.5 
Industrial Other Coal 10.3 25.82 0.3 0.59 0.2 0.1 0.4 
Natural Gas to Chemical 
Plants 222.8 14.47 3.2 0.59 1.9 1.3 4.8 

Asphalt & Road Oil 877.8 20.55 18.0 1.00 18.0 0.1 0.3 
LPG 1,817.3 17.06 31.0 0.59 18.4 12.6 46.1 
Lubricants 149.5 20.20 3.0 0.09 0.3 2.7 10.1 
Pentanes Plus 67.8 19.10 1.3 0.59 0.8 0.5 1.9 
Naphtha (<401° F) 472.7 18.55 8.8 0.59 5.2 3.6 13.1 
Other Oil (>401° F) 404.9 20.17 8.2 0.59 4.9 3.3 12.2 
Still Gas 147.2 17.51 2.6 0.59 1.5 1.0 3.8 
Petroleum Coke 1.1 27.85 + 0.30 + + 0.1 
Special Naphtha 25.6 19.74 0.5 0.59 0.3 0.2 0.8 
Distillate Fuel Oil 17.5 20.17 0.4 0.50 0.2 0.2 0.6 
Waxes 15.4 19.80 0.3 0.58 0.2 0.1 0.5 
Miscellaneous Products 158.8 20.31 3.2 + + 3.2 11.8 

Transportation 141.2 - 2.9 - 0.3 2.6 9.5 
Lubricants 141.2 20.20 2.9 0.09 0.3 2.6 9.5 

U.S. Territories 56.3 - 1.1 - 0.1 1.0 3.7 
Lubricants 1.0 20.20 + 0.09 + + 0.1 
Other Petroleum (Misc. 
Prod.) 55.2 20.00 1.1 0.10 0.1 1.0 3.6 

Total 4,651.0 86.4 52.3 34.1 125.1 
+ Does not exceed 0.05 Tg 
- Not applicable.
	
a To avoid double counting, net exports have been deducted.
	
Note: Totals may not sum due to independent rounding.
	

Lastly, emissions were estimated by subtracting the C stored from the potential emissions (see Table 3-19). More 
detail on the methodology for calculating storage and emissions from each of these sources is provided in Annex 
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2.3. 

Where storage factors were calculated specifically for the United States, data were obtained on (1) products such as 
asphalt, plastics, synthetic rubber, synthetic fibers, cleansers (soaps and detergents), pesticides, food additives, 
antifreeze and deicers (glycols), and silicones; and (2) industrial releases including energy recovery, Toxics Release 
Inventory (TRI) releases, hazardous waste incineration, and volatile organic compound, solvent, and non-
combustion CO emissions. Data were taken from a variety of industry sources, government reports, and expert 
communications. Sources include EPA reports and databases such as compilations of air emission factors (EPA 
2001), National Emissions Inventory (NEI) Air Pollutant Emissions Trends Data (EPA 2010), Toxics Release 
Inventory, 1998 (2000b), Biennial Reporting System (EPA 2004, 2009), and pesticide sales and use estimates (EPA 
1998, 1999, 2002, 2004, 2011); the EIA Manufacturer’s Energy Consumption Survey (MECS) (EIA 1994, 1997, 
2001, 2005, 2010); the National Petrochemical & Refiners Association (NPRA 2002); the U.S. Bureau of the 
Census (1999, 2004, 2009); Bank of Canada (2011); Financial Planning Association (2006); INEGI (2006); the 
United States International Trade Commission (2011); Gosselin, Smith, and Hodge (1984); the Rubber 
Manufacturers’ Association (RMA 2009a,b); the International Institute of Synthetic Rubber Products (IISRP 2000, 
2003); the Fiber Economics Bureau (FEB 2011); and the American Chemistry Council (ACC 2003-2010, 2011). 
Specific data sources are listed in full detail in Annex 2.3. 

Uncertainty and Time-Series Consistency 
An uncertainty analysis was conducted to quantify the uncertainty surrounding the estimates of emissions and 
storage factors from non-energy uses. This analysis, performed using @RISK software and the IPCC-recommended 
Tier 2 methodology (Monte Carlo Stochastic Simulation technique), provides for the specification of probability 
density functions for key variables within a computational structure that mirrors the calculation of the inventory 
estimate. The results presented below provide the 95 percent confidence interval, the range of values within which 
emissions are likely to fall, for this source category. 

As noted above, the non-energy use analysis is based on U.S.-specific storage factors for (1) feedstock materials 
(natural gas, LPG, pentanes plus, naphthas, other oils, still gas, special naphthas, and other industrial coal), (2) 
asphalt, (3) lubricants, and (4) waxes. For the remaining fuel types (the “other” category in Table 3-20 and Table 
3-21), the storage factors were taken directly from the IPCC Guidelines for National Greenhouse Gas Inventories, 
where available, and otherwise assumptions were made based on the potential fate of carbon in the respective NEU 
products. To characterize uncertainty, five separate analyses were conducted, corresponding to each of the five 
categories. In all cases, statistical analyses or expert judgments of uncertainty were not available directly from the 
information sources for all the activity variables; thus, uncertainty estimates were determined using assumptions 
based on source category knowledge. 

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-22 (emissions) and Table 3-23 
(storage factors). Carbon emitted from non-energy uses of fossil fuels in 2010 was estimated to be between 103.8 
and 154.0 Tg CO2 Eq. at a 95 percent confidence level. This indicates a range of 17 percent below to 23 percent 
above the 2010 emission estimate of 125.1 Tg CO2 Eq. The uncertainty in the emission estimates is a function of 
uncertainty in both the quantity of fuel used for non-energy purposes and the storage factor. 

Table 3-22: Tier 2 Quantitative Uncertainty Estimates for CO2 Emissions from Non-Energy Uses of Fossil Fuels 
(Tg CO2 Eq. and Percent) 

2010 Emission 
Estimate Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
Lower Bound Upper Bound Lower Bound Upper Bound 

Feedstocks CO2 83.1 65.2 114.0 -22% 37% 
Asphalt CO2 0.3 0.1 0.6 -58% 117% 
Lubricants CO2 19.6 16.2 22.8 -18% 16% 
Waxes CO2 0.5 0.3 0.8 -28% 63% 
Other CO2 21.7 13.9 24.5 -36% 13% 
Total CO2 125.1 103.8 154.0 -17% 23% 
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval. 
NA (Not Applicable) 
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Table 3-23: Tier 2 Quantitative Uncertainty Estimates for Storage Factors of Non-Energy Uses of Fossil Fuels 
(Percent) 

2010 Storage 
Source Gas Factor Uncertainty Range Relative to Emission Estimatea 

(%) (%) (%, Relative) 
Lower Upper Lower Upper 
Bound Bound Bound Bound 

Feedstocks CO2 59% 54% 61% -10% 3% 
Asphalt CO2 99.6% 99% 100% -1% 0% 
Lubricants CO2 9% 4% 17% -59% 90% 
Waxes CO2 58% 49% 71% -15% 23% 
Other CO2 16% 10% 44% -39% 179% 
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval, as a 
percentage of the inventory value (also expressed in percent terms). 

In Table 3-23, feedstocks and asphalt contribute least to overall storage factor uncertainty on a percentage basis. 
Although the feedstocks category—the largest use category in terms of total carbon flows—appears to have tight 
confidence limits, this is to some extent an artifact of the way the uncertainty analysis was structured. As discussed 
in Annex 2.3, the storage factor for feedstocks is based on an analysis of six fates that result in long-term storage 
(e.g., plastics production), and eleven that result in emissions (e.g., volatile organic compound emissions). Rather 
than modeling the total uncertainty around all of these fate processes, the current analysis addresses only the storage 
fates, and assumes that all C that is not stored is emitted. As the production statistics that drive the storage values 
are relatively well-characterized, this approach yields a result that is probably biased toward understating 
uncertainty. 

As is the case with the other uncertainty analyses discussed throughout this document, the uncertainty results above 
address only those factors that can be readily quantified. More details on the uncertainty analysis are provided in 
Annex 2.3. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2010. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification  
A source-specific QA/QC plan for non-energy uses of fossil fuels was developed and implemented. This effort 
included a Tier 1 analysis, as well as portions of a Tier 2 analysis for non-energy uses involving petrochemical 
feedstocks and for imports and exports. The Tier 2 procedures that were implemented involved checks specifically 
focusing on the activity data and methodology for estimating the fate of C (in terms of storage and emissions) across 
the various end-uses of fossil C. Emission and storage totals for the different subcategories were compared, and 
trends across the time series were analyzed to determine whether any corrective actions were needed. Corrective 
actions were taken to rectify minor errors and to improve the transparency of the calculations, facilitating future 
QA/QC. 

For petrochemical import and export data, special attention was paid to NAICS numbers and titles to verify that 
none had changed or been removed. Import and export totals were compared for 2011 as well as their trends across 
the time series. 

Petrochemical input data reported by EIA will continue to be investigated in an attempt to address an input/output 
discrepancy in the NEU model. Since 2001, the C accounted for in the feedstocks C balance outputs (i.e., storage 
plus emissions) exceeds C inputs. Prior to 2001, the C balance inputs exceed outputs. EPA has reduced a portion of 
this discrepancy (see Recalculations Discussion below) and has developed two strategies to address the remaining 
portion (see Planned Improvements below). 

Recalculations Discussion 
Relative to the previous Inventory, emissions from non-energy uses of fossil fuels decreased by an average of 1.2 Tg 
CO2 Eq. (0.7 percent) across the entire time series. Two competing changes contributed to these recalculations. The 
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larger of the two changes was a decrease in emissions caused by a change in petrochemical input data reported by 
the Energy Information Administration in its Monthly Energy Review. In particular, a decline in EIA’s estimate of 
petroleum coke consumed for non-energy purposes across the time series explains the majority of the decrease. The 
smaller of the two changes was an increase in emissions caused by EIA’s revision of its methodology for calculating 
LPG consumed for non-energy uses in consultation with EPA. These estimates had previously been based on the 
assumption that the portion of LPG used for NEU remained constant at its 2004 level for the rest of the time series. 
For this year’s Inventory, EIA instead retrieved data describing the portion of LPG in NEU from Petroleum Supply 
Annual for the entire 1990-2010 time series and revised the previous assumption accordingly. Because 2004 was an 
uncharacteristically low year for non-energy consumption of LPG, this revision resulted in an overall increase in 
estimates of LPG consumed for NEU and thus an increase in estimated emissions. Combined, the net effect of these 
two changes was to decrease emission estimates across the time series slightly. 

The revision to LPG calculations mentioned above also significantly reduced the input/output discrepancy in the 
NEU model. Specifically, this discrepancy was reduced by an average of 43% between 2000 and 2010, the years in 
which the discrepancy had previously been the largest. 

Planned Improvements 
There are several improvements planned for the future: 

•	 More accurate accounting of C in petrochemical feedstocks. EPA has worked with EIA to determine the cause 
of an input/output discrepancy in the carbon mass balance contained within the NEU model. In the future, EPA 
will continue to pursue two strategies to reduce or eliminate this discrepancy. First, EPA will improve its 
accounting of C in imports and exports. EPA will examine its import/export adjustment methodology to ensure 
that net exports of intermediaries such as ethylene and propylene are fully accounted for. Second, EPA will 
reconsider its use of top-down C input calculation in estimating emissions. It will consider alternative 
approaches that rely more substantially on the bottom-up C output calculation instead. 

•	 Improving the uncertainty analysis. Most of the input parameter distributions are based on professional 
judgment rather than rigorous statistical characterizations of uncertainty. 

•	 Better characterizing flows of fossil C. Additional fates may be researched, including the fossil C load in 
organic chemical wastewaters, plasticizers, adhesives, films, paints, and coatings. There is also a need to 
further clarify the treatment of fuel additives and backflows (especially methyl tert-butyl ether, MTBE). 

•	 Reviewing the trends in fossil fuel consumption for non-energy uses. Annual consumption for several fuel types 
is highly variable across the time series, including industrial coking coal and other petroleum (miscellaneous 
products). EPA plans to better understand these trends to identify any mischaracterized or misreported fuel 
consumption for non-energy uses. 

•	 EPA recently researched updating the average carbon content of solvents, since the entire time series depends 
on one year’s worth of solvent composition data. Unfortunately, the data on C emissions from solvents that 
were readily available do not provide composition data for all categories of solvent emissions and also have 
conflicting definitions for volatile organic compounds, the source of emissive carbon in solvents. EPA plans to 
identify additional sources of solvents data in order to update the C content assumptions. 

Finally, although U.S.-specific storage factors have been developed for feedstocks, asphalt, lubricants, and waxes, 
default values from IPCC are still used for two of the non-energy fuel types (industrial coking coal and distillate oil), 
and broad assumptions are being used for miscellaneous products and other petroleum. Over the long term, there 
are plans to improve these storage factors by conducting analyses of C fate similar to those described in Annex 2.3 
or deferring to more updated default storage factors from IPCC where available. 

Finally improvements to this category will involve analysis of the data reported under EPA’s GHGRP. In examining 
data from EPA’s GHGRP that would be useful to improve the emission estimates for the carbon emitted from non-
energy uses of fossil fuels category, particular attention will be made to ensure time series consistency, as the 
facility-level reporting data from EPA’s GHGRP are not available for all Inventory years as reported in this 
inventory. In implementing improvements and integration of data from EPA’s GHGRP, the latest guidance from the 

Energy 3-35 



      

           

   
                 

            
                     

              
              

             
                

              
             

             

               
              

            
             

               
           

         
              

                   
  

                
                

               
               

                 
                 

            

             
           
           
           
           
             
              
   

         
 

            
           
           
           
         
  

           
           
           
           
           

                                                           

  

IPCC on the use of facility-level data in national inventories will be relied upon.99 

3.3. Incineration of Waste (IPCC Source Category 1A1a) 
Incineration is used to manage about 7 to 19 percent of the solid wastes generated in the United States, depending on 
the source of the estimate and the scope of materials included in the definition of solid waste (EPA 2000, Goldstein 
and Matdes 2001, Kaufman et al. 2004, Simmons et al. 2006, van Haaren et al. 2010). In the context of this section, 
waste includes all municipal solid waste (MSW) as well as tires. In the United States, almost all incineration of 
MSW occurs at waste-to-energy facilities or industrial facilities where useful energy is recovered, and thus 
emissions from waste incineration are accounted for in the Energy chapter. Similarly, tires are combusted for energy 
recovery in industrial and utility boilers. Incineration of waste results in conversion of the organic inputs to CO2. 
According to IPCC guidelines, when the CO2 emitted is of fossil origin, it is counted as a net anthropogenic 
emission of CO2 to the atmosphere. Thus, the emissions from waste incineration are calculated by estimating the 
quantity of waste combusted and the fraction of the waste that is C derived from fossil sources. 

Most of the organic materials in municipal solid wastes are of biogenic origin (e.g., paper, yard trimmings), and 
have their net C flows accounted for under the Land Use, Land-Use Change, and Forestry chapter. However, some 
components—plastics, synthetic rubber, synthetic fibers, and carbon black—are of fossil origin. Plastics in the U.S. 
waste stream are primarily in the form of containers, packaging, and durable goods. Rubber is found in durable 
goods, such as carpets, and in non-durable goods, such as clothing and footwear. Fibers in municipal solid wastes 
are predominantly from clothing and home furnishings. As noted above, tires (which contain rubber and carbon 
black) are also considered a “non-hazardous” waste and are included in the waste incineration estimate, though 
waste disposal practices for tires differ from municipal solid waste. Estimates on emissions from hazardous waste 
incineration can be found in Annex 2.3 and are accounted for as part of the C mass balance for non-energy uses of 
fossil fuels. 

Approximately 26.5 million metric tons of MSW was incinerated in the United States in 2010 (EPA 2011a). CO2 
emissions from incineration of waste rose 51 percent since 1990, to an estimated 12.1 Tg CO2 Eq. (12,054 Gg) in 
2010, as the volume of tires and other fossil C-containing materials in waste increased (see Table 3-24 and Table 
3-25). Waste incineration is also a source of N2O and CH4 emissions (De Soete 1993; IPCC 2006). N2O emissions 
from the incineration of waste were estimated to be 0.4 Tg CO2 Eq. (1 Gg N2O) in 2010, and have not changed 
significantly since 1990. CH4 emissions from the incineration of waste were estimated to be less than 0.05 Tg CO2 
Eq. (less than 0.5 Gg CH4) in 2010, and have not changed significantly since 1990. 

Table 3-24: CO2 and N2O Emissions from the Incineration of Waste (Tg CO2 Eq.) 

Gas/Waste Product 1990 2005 2006 2007 2008 2009 2010 
CO2 
Plastics 
Synthetic Rubber in Tires 
Carbon Black in Tires 

8.0 
5.6 
0.3 
0.4 

12.5 
6.9 
1.6 
2.0 

12.5 
6.7 
1.7 
2.1 

12.7 
6.7 
1.8 
2.3 

11.9 
6.1 
1.7 
2.1 

11.7 12.1 
6.2 6.6 
1.6 1.6 
1.9 1.9 

Synthetic Rubber in 
MSW 

Synthetic Fibers 
N2O 
CH4 

0.9 
0.8 
0.5 

+ 

0.8 
1.2 
0.4 

+ 

0.8 
1.2 
0.4 

+ 

0.8 
1.2 
0.4 

+ 

0.8 
1.2 
0.4 

+ 

0.8 0.8 
1.2 1.2 
0.4 0.4 

+ + 
Total 8.5 12.9 12.9 13.1 12.3 12.1 12.4 
+ Does not exceed 0.05 Tg CO2 Eq.
	

Table 3-25: CO2 and N2O Emissions from the Incineration of Waste (Gg)
	

Gas/Waste Product 1990 2005 2006 2007 2008 2009 2010 
CO2 7,989 12,468 12,531 12,727 11,888 11,703 12,054 
Plastics 5,588 6,919 6,722 6,660 6,148 6,233 6,573 

99 See <http://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/1008_Model_and_Facility_Level_Data_Report.pdf> 
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Synthetic Rubber in Tires 308 1,599 1,712 1,823 1,693 1,560 1,560 
Carbon Black in Tires 385 1,958 2,113 2,268 2,085 1,903 1,903 
Synthetic Rubber in MSW 872 781 775 791 770 782 787 
Synthetic Fibers 838 1,211 1,208 1,185 1,192 1,226 1,230 
N2O 2 1 1 1 1 1 1 
CH4 + + + + + + + 
+ Does not exceed 0.5 Gg. 

Methodology 
Emissions of CO2 from the incineration of waste include CO2 generated by the incineration of plastics, synthetic 
fibers, and synthetic rubber, as well as the incineration of synthetic rubber and carbon black in tires. These emissions 
were estimated by multiplying the amount of each material incinerated by the C content of the material and the 
fraction oxidized (98 percent). Plastics incinerated in municipal solid wastes were categorized into seven plastic 
resin types, each material having a discrete C content. Similarly, synthetic rubber is categorized into three product 
types, and synthetic fibers were categorized into four product types, each having a discrete C content. Scrap tires 
contain several types of synthetic rubber, as well as carbon black. Each type of synthetic rubber has a discrete C 
content, and carbon black is 100 percent C. Emissions of CO2 were calculated based on the amount of scrap tires 
used for fuel and the synthetic rubber and carbon black content of tires. 

More detail on the methodology for calculating emissions from each of these waste incineration sources is provided 
in Annex 3.6. 

For each of the methods used to calculate CO2 emissions from the incineration of waste, data on the quantity of 
product combusted and the C content of the product are needed. For plastics, synthetic rubber, and synthetic fibers, 
the amount of specific materials discarded as municipal solid waste (i.e., the quantity generated minus the quantity 
recycled) was taken from Municipal Solid Waste Generation, Recycling, and Disposal in the United States: Facts and 
Figures (EPA 2000 through 2003, 2005 through 2011b) and detailed unpublished backup data for some years not 
shown in the reports (Schneider 2007). The proportion of total waste discarded that is incinerated was derived from 
data in BioCycle’s “State of Garbage in America” (van Haaren et al. 2010). The most recent data provides the 
proportion of waste incinerated for 2008, so the corresponding proportion in 2010 is assumed to be equal to the 
proportion in 2008. For synthetic rubber and carbon black in scrap tires, information was obtained from U.S. Scrap 
Tire Management Summary for 2005 through 2009 data (RMA 2011). For 2010, synthetic rubber mass in tires is 
assumed to be equal to that in 2009 due to a lack of more recently available data. 

Average C contents for the “Other” plastics category and synthetic rubber in municipal solid wastes were calculated 
from 1998 and 2002 production statistics: carbon content for 1990 through 1998 is based on the 1998 value; content 
for 1999 through 2001 is the average of 1998 and 2002 values; and content for 2002 to date is based on the 2002 
value. Carbon content for synthetic fibers was calculated from 1999 production statistics. Information about scrap 
tire composition was taken from the Rubber Manufacturers’ Association internet site (RMA 2012a). 

The assumption that 98 percent of organic C is oxidized (which applies to all waste incineration categories for CO2 
emissions) was reported in EPA’s life cycle analysis of greenhouse gas emissions and sinks from management of 
solid waste (EPA 2006). 

Incineration of waste, including MSW, also results in emissions of N2O and CH4. These emissions were calculated 
as a function of the total estimated mass of waste incinerated and an emission factor. As noted above, N2O and CH4 
emissions are a function of total waste incinerated in each year; for 1990 through 2008, these data were derived from 
the information published in BioCycle (van Haaren et al. 2010). Data on total waste incinerated was not available 
for 2009 or 2010, so this value was assumed to equal the most recent value available (2008). 

Table 3-26 provides data on municipal solid waste discarded and percentage combusted for the total waste stream. 
According to Covanta Energy (Bahor 2009) and confirmed by additional research based on ISWA (ERC 2009), all 
municipal solid waste combustors in the United States are continuously fed stoker units. The emission factors of 
N2O and CH4 emissions per quantity of municipal solid waste combusted are default emission factors for this 
technology type and were taken from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 
2006). 
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 Year  

 1990 

Waste Discarded  Waste Incinerated   Incinerated (% of  
Discards)  

 235,733,657  30,632,057  13.0 
 

 2005 
   

259,559,787   25,973,520  10.0 
 2006 267,526,493   25,853,401  9.7 
 2007   268,279,240   24,788,539  9.2 
 2008   268,541,088  23,674,017  8.8 
 2009   268,541,088a    23,674,017 a  8.8a 

 2010    268,541,088a   23,674,017 a  8.8a 

 

  
  
  
  
  
  
  
  
    

      
 

 
  

   
               

                 
                
            
              

                  
            
            

          

                 
              

           
          

              
           

    

            
               

                
           

                  
 

              
  

     
   

 
 

 

        
    

    
         
          
 

            

 
 

          

Table 3-26: Municipal Solid Waste Generation (Metric Tons) and Percent Combusted. 

a Assumed equal to 2008 value.
	
Source: van Haaren et al. (2010).
	

Uncertainty and Time-Series Consistency 
A Tier 2 Monte Carlo analysis was performed to determine the level of uncertainty surrounding the estimates of CO2 
emissions and N2O emissions from the incineration of waste (given the very low emissions for CH4, no uncertainty 
estimate was derived). IPCC Tier 2 analysis allows the specification of probability density functions for key 
variables within a computational structure that mirrors the calculation of the inventory estimate. Uncertainty 
estimates and distributions for waste generation variables (i.e., plastics, synthetic rubber, and textiles generation) 
were obtained through a conversation with one of the authors of the Municipal Solid Waste in the United States 
reports. Statistical analyses or expert judgments of uncertainty were not available directly from the information 
sources for the other variables; thus, uncertainty estimates for these variables were determined using assumptions 
based on source category knowledge and the known uncertainty estimates for the waste generation variables. 

The uncertainties in the waste incineration emission estimates arise from both the assumptions applied to the data 
and from the quality of the data. Key factors include MSW incineration rate; fraction oxidized; missing data on 
waste composition; average C content of waste components; assumptions on the synthetic/biogenic C ratio; and 
combustion conditions affecting N2O emissions. The highest levels of uncertainty surround the variables that are 
based on assumptions (e.g., percent of clothing and footwear composed of synthetic rubber); the lowest levels of 
uncertainty surround variables that were determined by quantitative measurements (e.g., combustion efficiency, C 
content of C black). 

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-27. Waste incineration CO2 
emissions in 2010 were estimated to be between 9.6and 14.9 Tg CO2 Eq. at a 95 percent confidence level. This 
indicates a range of 21 percent below to 24 percent above the 2010 emission estimate of 12.1 Tg CO2 Eq. Also at a 
95 percent confidence level, waste incineration N2O emissions in 2010 were estimated to be between 0.2 and 1.5 Tg 
CO2 Eq. This indicates a range of 50 percent below to 320 percent above the 2010 emission estimate of 0.4 Tg CO2 
Eq.  

Table 3-27: Tier 2 Quantitative Uncertainty Estimates for CO2 and N2O from the Incineration of Waste (Tg CO2 Eq. 
and Percent) 

2010 
Emission 

Uncertainty Range Relative to Emission Estimatea 

Estimate 
Source Gas (Tg CO2 Eq.) (Tg CO2 Eq.) (%) 

Lower 
Bound 

Upper 
Bound 

Lower 
Bound 

Upper 
Bound 

Incineration of Waste CO2 12.1 9.6 14.9 -21% +24% 
Incineration of Waste N2O 0.4 0.2 1.5 -50% +320% 
a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
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through 2010. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification 
A source-specific QA/QC plan was implemented for incineration of waste. This effort included a Tier 1 analysis, as 
well as portions of a Tier 2 analysis. The Tier 2 procedures that were implemented involved checks specifically 
focusing on the activity data and specifically focused on the emission factor and activity data sources and 
methodology used for estimating emissions from incineration of waste. Trends across the time series were analyzed 
to determine whether any corrective actions were needed. Actions were taken to streamline the activity data 
throughout the calculations on incineration of waste. 

Recalculations Discussion 
Several changes were made to input variables compared to the previous Inventory, resulting in an overall decrease in 
the total emissions from the incineration of waste. The emissions from carbon black and rubber in scrap tires in 2008 
and 2009 were updated based on data obtained from the Rubber Manufacturers’ Association U.S. Scrap Tire 
Management Summary for 2005 through 2009 (RMA 2012b), because the report releases data every other year. The 
2009 data was available in this report, so 2008 data was updated using linear interpolation from the 2007 and 2009 
data. The change decreased the 2008 and 2009 emissions by 2 percent and 5 percent, respectively, relative to the 
previous report. 

Planned Improvements 
The availability of facility-level waste incineration through EPA’s GHGRP will be examined to help better 
characterize waste incineration operations in the United States. This characterization could include future 
improvements as to the operations involved in waste incineration for energy, whether in the power generation sector 
or the industrial sector. Additional examinations will be necessary as, unlike the reporting requirements for this 
chapter under the UNFCCC reporting guidelines,100 some facility-level waste incineration emissions reported under 
the GHGRP may also include industrial process emissions. In line with UNFCCC reporting guidelines, emissions 
for waste incineration with energy recovery are included in this chapter, while process emissions are included in the 
industrial processes chapter of this report. In examining data from EPA’s GHGRP that would be useful to improve 
the emission estimates for the waste incineration category, particular attention will also be made to ensure time 
series consistency, as the facility-level reporting data from EPA’s GHGRP are not available for all inventory years 
as reported in this inventory. Additionally, analyses will focus on ensuring CO2 emissions from the biomass 
component of waste are separated in the facility-level reported data, and on maintaining consistency with national 
waste generation and fate statistics currently used to estimate total, national U.S. greenhouse gase emissions. In 
implementing improvements and integration of data from EPA’s GHGRP, the latest guidance from the IPCC on the 
use of facility-level data in national inventories will be relied upon.101 

3.4. Coal Mining (IPCC Source Category 1B1a) 
Three types of coal mining related activities release CH4 to the atmosphere: underground mining, surface mining, 
and post-mining (i.e., coal-handling) activities. Underground coal mines contribute the largest share of CH4 
emissions. In 2010, 164 gassy underground coal mines in the United States employ ventilation systems to ensure 
that CH4 levels remain within safe concentrations. These systems can exhaust significant amounts of CH4 to the 
atmosphere in low concentrations. Additionally, 24 U.S. coal mines supplement ventilation systems with 
degasification systems. Degasification systems are wells drilled from the surface or boreholes drilled inside the 
mine that remove large volumes of CH4 before, during, or after mining. In 2010, 15 coal mines collected CH4 from 
degasification systems and utilized this gas, thus reducing emissions to the atmosphere. Of these mines, 14 coal 
mines sold CH4 to the natural gas pipeline and one coal mine used CH4 from its degasification system to heat mine 

100 See <http://unfccc.int/resource/docs/2006/sbsta/eng/09.pdf> 
101 See <http://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/1008_Model_and_Facility_Level_Data_Report.pdf> 
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 Activity   1990   2005  2006  2007  2008  2009  2010 

  UG Mining  62.3   34.9  34.9  35.7  44.9  49.6  51.6 
     Liberated  67.9   50.2  50.2  50.9  60.5  66.1  71.4 
      Recovered & Used   (5.6)   (15.2)  (18.8)  (15.2)  (16.3)  (16.6)  (19.6) 

 Surface Mining  12.0   13.3  14.0  13.8  14.3  12.9  13.1 
  Post-Mining (UG)  7.7   6.4  6.3  6.1  6.1  5.6  5.7 
 Post-Mining (Surface)   2.0   2.2  2.3  2.2  2.3  2.1  2.1 

Total   84.1   56.8  56.8  57.8  66.9  70.1  72.6 

 
 
 
 
 
 
 
              
          

        
          
 Activity   1990   2005  2006  2007  2008  2009  2010 

  UG Mining  2,968  1,663  1,693  1,698  2,102  2,360  2,459  
     Liberated  3,234     2,389  2,588  2,422  2,881  3,149  3,402   
      Recovered & Used   (265.9)   (726.0)  (894.7)  (723.7)  (778.5)  (789.2)  (942.9) 

 Surface Mining  573.6  633.1  668.0  658.9  680.5  614.2  626.2   
  Post-Mining (UG)  368.3  305.9  298.5  289.6  292.0  266.7  270.2   
 Post-Mining (Surface)   93.2  102.9  108.5  107.1  110.6  99.8  101.8   

Total   4,003  2,705  2,768     2,754     3,186     3,340     3,458   

 
 
 
 
 
 
 
               
          

 
                 

              
            

             
       

             
              

              
           

    

             
                   

                                                           

                 
   

ventilation air on site. In addition, one of the coal mines that sold gas to pipelines also used CH4 to fuel a thermal 
coal dryer. Surface coal mines also release CH4 as the overburden is removed and the coal is exposed, but the level 
of emissions is much lower than from underground mines. Finally, some of the CH4 retained in the coal after 
mining is released during processing, storage, and transport of the coal. 

Total CH4 emissions in 2010 were estimated to be 72.6 Tg CO2 Eq. (3,458 Gg), a decline of 14 percent since 1990 
(see Table 3-28 and Table 3-29). Of this amount, underground mines accounted for 71 percent, surface mines 
accounted for 18 percent, and post-mining emissions accounted for 11 percent. The decline in CH4 emissions from 
underground mines from 1996 to 2002 was the result of the reduction of overall coal production, the mining of less 
gassy coal, and an increase in CH4 recovered and used. Since that time, underground coal production and the 
associated CH4 emissions have remained fairly level, while surface coal production and its associated emissions 
have generally increased. 

Table 3-28: CH4 Emissions from Coal Mining (Tg CO2 Eq.) 

Note: Totals may not sum due to independent rounding. Parentheses indicate negative values. 

Table 3-29: CH4 Emissions from Coal Mining (Gg) 

Note: Totals may not sum due to independent rounding. Parentheses indicate negative values. 

Methodology 
The methodology for estimating CH4 emissions from coal mining consists of two parts. The first part involves 
estimating CH4 emissions from underground mines. Because of the availability of ventilation system measurements, 
underground mine emissions can be estimated on a mine-by-mine basis and then summed to determine total 
emissions. The second step involves estimating emissions from surface mines and post-mining activities by 
multiplying basin-specific coal production by basin-specific emission factors. 

Underground mines. Total CH4 emitted from underground mines was estimated as the sum of CH4 liberated from 
ventilation systems and CH4 liberated by means of degasification systems, minus CH4 recovered and used. The 
Mine Safety and Heath Administration (MSHA) samples CH4 emissions from ventilation systems for all mines with 
detectable102 CH4 concentrations. These mine-by-mine measurements are used to estimate CH4 emissions from 
ventilation systems. 

Some of the higher-emitting underground mines also use degasification systems (e.g., wells or boreholes) that 
remove CH4 before, during, or after mining. This CH4 can then be collected for use or vented to the atmosphere. 

102 MSHA records coal mine CH4 readings with concentrations of greater than 50 ppm (parts per million) CH4. Readings below 
this threshold are considered non-detectable. 
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Various approaches were employed to estimate the quantity of CH4 collected by each of the twenty mines using 
these systems, depending on available data. For example, some mines report to EPA the amount of CH4 liberated 
from their degasification systems. For mines that sell recovered CH4 to a pipeline, pipeline sales data published by 
state petroleum and natural gas agencies were used to estimate degasification emissions. For those mines for which 
no other data are available, default recovery efficiency values were developed, depending on the type of 
degasification system employed. 

Finally, the amount of CH4 recovered by degasification systems and then used (i.e., not vented) was estimated. In 
2010, 14 active coal mines sold recovered CH4 into the local gas pipeline networks and one coal mine used 
recovered CH4 on site for heating. Emissions avoided for these projects were estimated using gas sales data reported 
by various state agencies. For most mines with recovery systems, companies and state agencies provided individual 
well production information, which was used to assign gas sales to a particular year. For the few remaining mines, 
coal mine operators supplied information regarding the number of years in advance of mining that gas recovery 
occurs. Data was not available for CDX wells for 2010, thus underground emissions avoided were estimated for two 
mines. Emissions avoided were estimated using a 10-year average for the Pinnacle Mine and a 2-year average for 
the Road Fork 51 Mine. 

Surface Mines and Post-Mining Emissions. Surface mining and post-mining CH4 emissions were estimated by 
multiplying basin-specific coal production, obtained from the Energy Information Administration’s Annual Coal 
Report (see Table 3-30) (EIA 2011), by basin-specific emission factors. Surface mining emission factors were 
developed by assuming that surface mines emit two times as much CH4 as the average in situ CH4 content of the 
coal. Revised data on in situ CH4 content and emissions factors are taken from EPA (2005), EPA (1996), and 
AAPG (1984). This calculation accounts for CH4 released from the strata surrounding the coal seam. For post-
mining emissions, the emission factor was assumed to be 32.5 percent of the average in situ CH4 content of coals 
mined in the basin. 

Table 3-30: Coal Production (Thousand Metric Tons) 

Year Underground Surface Total 
1990 384,244 546,808 931,052 

2005 334,398 691,448 1,025,846 
2006 325,697 728,447 1,054,144 
2007 319,139 720,023 1,039,162 
2008 323,932 737,832 1,061,764 
2009 301,241 671,475 972,716 
2010 305,862 693,732 999,594 

Uncertainty and Time-Series Consistency 
A quantitative uncertainty analysis was conducted for the coal mining source category using the IPCC-
recommended Tier 2 uncertainty estimation methodology. Because emission estimates from underground 
ventilation systems were based on actual measurement data, uncertainty is relatively low. A degree of imprecision 
was introduced because the measurements used were not continuous but rather an average of quarterly instantaneous 
readings. Additionally, the measurement equipment used can be expected to have resulted in an average of 10 
percent overestimation of annual CH4 emissions (Mutmansky and Wang 2000). Estimates of CH4 recovered by 
degasification systems are relatively certain because many coal mine operators provided information on individual 
well gas sales and mined through dates. Many of the recovery estimates use data on wells within 100 feet of a 
mined area. Uncertainty also exists concerning the radius of influence of each well. The number of wells counted, 
and thus the avoided emissions, may vary if the drainage area is found to be larger or smaller than currently 
estimated. 

Compared to underground mines, there is considerably more uncertainty associated with surface mining and post-
mining emissions because of the difficulty in developing accurate emission factors from field measurements. 
However, since underground emissions comprise the majority of total coal mining emissions, the uncertainty 
associated with underground emissions is the primary factor that determines overall uncertainty. The results of the 
Tier 2 quantitative uncertainty analysis are summarized in Table 3-31. Coal mining CH4 emissions in 2009 were 
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estimated to be between 63.0 and 84.4 Tg CO2 Eq. at a 95 percent confidence level. This indicates a range of 13.2 
percent below to 16.3 percent above the 2010 emission estimate of 72.6 Tg CO2 Eq. 

Table 3-31: Tier 2 Quantitative Uncertainty Estimates for CH4 Emissions from Coal Mining (Tg CO2 Eq. and 
Percent) 

2010 Emission 
Estimate 

Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
Lower Bound Upper Bound Lower Bound Upper Bound 

Coal Mining CH4 72.6 63.0 84.4 -13.2% +16.3% 
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2010. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

Recalculations Discussion 
For the current inventory, updated mine maps were received for the Oak Grove and Jim Walter Resources (JWR) 
mines, which provided a more accurate depiction of the dates that certain pre-drainage CMM wells were mined 
through. As a result, the mined-through dates were adjusted for some wells based on updated mine plans, and 
underground emissions avoided values changed slightly from 2005 to 2009. 

3.5. Abandoned Underground Coal Mines (IPCC Source Category 1B1a) 
Underground coal mines contribute the largest share of CH4 emissions, with active underground mines the leading 
source of underground emissions. However, mines also continue to release CH4 after closure. As mines mature and 
coal seams are mined through, mines are closed and abandoned. Many are sealed and some flood through intrusion 
of groundwater or surface water into the void. Shafts or portals are generally filled with gravel and capped with a 
concrete seal, while vent pipes and boreholes are plugged in a manner similar to oil and gas wells. Some abandoned 
mines are vented to the atmosphere to prevent the buildup of CH4 that may find its way to surface structures through 
overburden fractures. As work stops within the mines, the CH4 liberation decreases but it does not stop completely. 
Following an initial decline, abandoned mines can liberate CH4 at a near-steady rate over an extended period of 
time, or, if flooded, produce gas for only a few years. The gas can migrate to the surface through the conduits 
described above, particularly if they have not been sealed adequately. In addition, diffuse emissions can occur when 
CH4 migrates to the surface through cracks and fissures in the strata overlying the coal mine. The following factors 
influence abandoned mine emissions: 

• Time since abandonment; 

• Gas content and adsorption characteristics of coal; 

• CH4 flow capacity of the mine; 

• Mine flooding; 

• Presence of vent holes; and 

• Mine seals. 

Gross abandoned mine CH4 emissions ranged from 6.0 to 9.1 Tg CO2 Eq. from 1990 through 2010, varying, in 
general, by less than 1 to approximately 19 percent from year to year. Fluctuations were due mainly to the number 
of mines closed during a given year as well as the magnitude of the emissions from those mines when active. Gross 
abandoned mine emissions peaked in 1996 (9.1 Tg CO2 Eq.) due to the large number of mine closures from 1994 to 
1996 (70 gassy mines closed during the three-year period). In spite of this rapid rise, abandoned mine emissions 
have been generally on the decline since 1996. There were fewer than fifteen gassy mine closures during each of the 
years from 1998 through 2010, with only five closures in 2010. By 2010, gross abandoned mine emissions 
decreased slightly to 7.6 Tg CO2 Eq. (see Table 3-32 and Table 3-33). Gross emissions are reduced by CH4 
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Activity 1990 2005 2006 2007 2008 2009 2010 
Abandoned Underground 
Mines 6.0 7.0 7.6 8.9 9.0 8.1 7.6 

Recovered & Used + 1.5 2.2 3.6 3.7 3.0 2.7 
Total 6.0 5.5 5.5 5.3 5.3 5.1 5.0 

 
  

  
  
        

         
 

  
  

        
           
    

 
 
 

      

          
           

         

Activity 1990 2005 2006 2007 2008 2009 2010 
Abandoned Underground 
Mines 288 334 364 425 429 388 364 

Recovered & Used + 70 103 172 177 143 126 
Total 288 264 261 254 253 244 237 

 
  

  
  
        

         
 

  
  

 
            

                    
                  

              
            

                    
               

               
              

               
               

        

                    
               

              
             

              
                

             

   

 

      
            
      
     

     

               
    

              
                   

recovered and used at 38 mines, resulting in net emissions in 2010 of 5.0 Tg CO2 Eq. 

Table 3-32: CH4 Emissions from Abandoned Coal Mines (Tg CO2 Eq.) 

+ Does not exceed 0.05 Tg CO2 Eq.
	
Note: Totals may not sum due to independent rounding.
	

Table 3-33: CH4 Emissions from Abandoned Coal Mines (Gg) 

+ Does not exceed 0.05 Tg CO2 Eq.
	
Note: Totals may not sum due to independent rounding.
	

Methodology 
Estimating CH4 emissions from an abandoned coal mine requires predicting the emissions of a mine from the time 
of abandonment through the inventory year of interest. The flow of CH4 from the coal to the mine void is primarily 
dependent on the mine’s emissions when active and the extent to which the mine is flooded or sealed. The CH4 
emission rate before abandonment reflects the gas content of the coal, rate of coal mining, and the flow capacity of 
the mine in much the same way as the initial rate of a water-free conventional gas well reflects the gas content of the 
producing formation and the flow capacity of the well. A well or a mine which produces gas from a coal seam and 
the surrounding strata will produce less gas through time as the reservoir of gas is depleted. Depletion of a reservoir 
will follow a predictable pattern that depends on the interplay of a variety of natural physical conditions imposed on 
the reservoir. The depletion of a reservoir is commonly modeled by mathematical equations and mapped as a type 
curve. Type curves, which are also referred to as decline curves, have been developed for abandoned coal mines. 
Existing data on abandoned mine emissions through time, although sparse, appear to fit the hyperbolic type of 
decline curve used in forecasting production from natural gas wells. 

In order to estimate CH4 emissions over time for a given mine, it is necessary to apply a decline function, initiated 
upon abandonment, to that mine. In the analysis, mines were grouped by coal basin with the assumption that they 
will generally have the same initial pressures, permeability, and isotherm. As CH4 leaves the system, the reservoir 
pressure, Pr, declines as described by the isotherm. The emission rate declines because the mine pressure (Pw) is 
essentially constant at atmospheric pressure, for a vented mine, and the productivity index (PI) term is essentially 
constant at the pressures of interest (atmospheric to 30 psia). A rate-time equation can be generated that can be used 
to predict future emissions. This decline through time is hyperbolic in nature and can be empirically expressed as: 

q = qi (1+bDit)(-1/b) 

where, 

q = Gas rate at time t in mmcf/d
	
qi = Initial gas rate at time zero (to) in million cubic feet per day mmcfd)
	
b = The hyperbolic exponent, dimensionless
	
Di = Initial decline rate, 1/yr
	
t = Elapsed time from to (years)
	

This equation is applied to mines of various initial emission rates that have similar initial pressures, permeability and 
adsorption isotherms (EPA 2003). 

The decline curves created to model the gas emission rate of coal mines must account for factors that decrease the 
rate of emission after mining activities cease, such as sealing and flooding. Based on field measurement data, it was 
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assumed that most U.S. mines prone to flooding will become completely flooded within eight years and therefore no 
longer have any measurable CH4 emissions. Based on this assumption, an average decline rate for flooding mines 
was established by fitting a decline curve to emissions from field measurements. An exponential equation was 
developed from emissions data measured at eight abandoned mines known to be filling with water located in two of 
the five basins. Using a least squares, curve-fitting algorithm, emissions data were matched to the exponential 
equation shown below. There was not enough data to establish basin-specific equations as was done with the 
vented, non-flooding mines (EPA 2003). 

(-Dt)q = qie 

where, 

q = Gas flow rate at time t in mcf/d 
qi = Initial gas flow rate at time zero (to) in mcfd 
D = Decline rate, 1/yr 
t = Elapsed time from to (years) 

Seals have an inhibiting effect on the rate of flow of CH4 into the atmosphere compared to the rate that would be 
emitted if the mine had an open vent. The total volume emitted will be the same, but will occur over a longer 
period. The methodology, therefore, treats the emissions prediction from a sealed mine similar to emissions from a 
vented mine, but uses a lower initial rate depending on the degree of sealing. The computational fluid dynamics 
simulator was again used with the conceptual abandoned mine model to predict the decline curve for inhibited flow. 
The percent sealed is defined as 100 × (1 − (initial emissions from sealed mine / emission rate at abandonment prior 
to sealing)). Significant differences are seen between 50 percent, 80 percent and 95 percent closure. These decline 
curves were therefore used as the high, middle, and low values for emissions from sealed mines (EPA 2003). 

For active coal mines, those mines producing over 100 mcfd account for 98 percent of all CH4 emissions. This same 
relationship is assumed for abandoned mines. It was determined that 469 abandoned mines closing after 1972 
produced emissions greater than 100 mcfd when active. Further, the status of 273 of the 469 mines (or 58 percent) 
is known to be either: 1) vented to the atmosphere; 2) sealed to some degree (either earthen or concrete seals); or, 3) 
flooded (enough to inhibit CH4 flow to the atmosphere). The remaining 42 percent of the mines were placed in one 
of the three categories by applying a probability distribution analysis based on the known status of other mines 
located in the same coal basin (EPA 2003). 

Table 3-34: Number of gassy abandoned mines occurring in U.S. basins grouped by class according to post-
abandonment state 

Basin Sealed Vented Flooded Total Known Unknown Total Mines 
Central Appl. 25 25 48 98 129 227 
Illinois 30 3 14 47 26 73 
Northern Appl. 42 22 16 80 36 116 
Warrior Basin 0 0 16 16 0 16 
Western Basins 27 3 2 32 10 42 
Total 124 53 96 273 196 474 

Inputs to the decline equation require the average emission rate and the date of abandonment. Generally this data is 
available for mines abandoned after 1972; however, such data are largely unknown for mines closed before 1972. 
Information that is readily available such as coal production by state and county are helpful, but do not provide 
enough data to directly employ the methodology used to calculate emissions from mines abandoned after 1971. It is 
assumed that pre-1972 mines are governed by the same physical, geologic, and hydrologic constraints that apply to 
post-1972 mines; thus, their emissions may be characterized by the same decline curves. 

During the 1970s, 78 percent of CH4 emissions from coal mining came from seventeen counties in seven states. In 
addition, mine closure dates were obtained for two states, Colorado and Illinois, for the hundred year period 
extending from 1900 through 1999. The data were used to establish a frequency of mine closure histogram (by 
decade) and applied to the other five states with gassy mine closures. As a result, basin-specific decline curve 
equations were applied to 145 gassy coal mines estimated to have closed between 1920 and 1971 in the United 

3-44 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2010 



       

              
          

             
                 

           
            

            
                

              
              

            
            

   

           
              

             

  
           

               
              

               
      

                
               

           
               

              
            

               

             
              
                  

             
                

     

           
     

 

     
    

 
 

        
    

    
         
             

 

 
              

States, representing 78 percent of the emissions. State-specific, initial emission rates were used based on average 
coal mine CH4 emissions rates during the 1970s (EPA 2003). 

Abandoned mines emission estimates are based on all closed mines known to have active mine CH4 ventilation 
emission rates greater than 100 mcfd at the time of abandonment. For example, for 1990 the analysis included 145 
mines closed before 1972 and 258 mines closed between 1972 and 1990. Initial emission rates based on MSHA 
reports, time of abandonment, and basin-specific decline curves influenced by a number of factors were used to 
calculate annual emissions for each mine in the database. Coal mine degasification data are not available for years 
prior to 1990, thus the initial emission rates used reflect ventilation emissions only for pre-1990 closures. CH4 
degasification amounts were added to the quantity of CH4 ventilated for the total CH4 liberation rate for seventeen 
mines that closed between 1992 and 2010. Since the sample of gassy mines (with active mine emissions greater 
than 100 mcfd) is assumed to account for 78 percent of the pre-1971 and 98 percent of the post-1971 abandoned 
mine emissions, the modeled results were multiplied by 1.22 and 1.02 to account for all U.S. abandoned mine 
emissions. 

From 1993 through 2010, emission totals were downwardly adjusted to reflect abandoned mine CH4 emissions 
avoided from those mines. The inventory totals were not adjusted for abandoned mine reductions in 1990 through 
1992, because no data was reported for abandoned coal mining CH4 recovery projects during that time. 

Uncertainty and Time-Series Consistency 
A quantitative uncertainty analysis was conducted to estimate the uncertainty surrounding the estimates of emissions 
from abandoned underground coal mines. The uncertainty analysis described below provides for the specification of 
probability density functions for key variables within a computational structure that mirrors the calculation of the 
inventory estimate. The results provide the range within which, with 95 percent certainty, emissions from this 
source category are likely to fall. 

As discussed above, the parameters for which values must be estimated for each mine in order to predict its decline 
curve are: 1) the coal's adsorption isotherm; 2) CH4 flow capacity as expressed by permeability; and 3) pressure at 
abandonment. Because these parameters are not available for each mine, a methodological approach to estimating 
emissions was used that generates a probability distribution of potential outcomes based on the most likely value and 
the probable range of values for each parameter. The range of values is not meant to capture the extreme values, but 
values that represent the highest and lowest quartile of the cumulative probability density function of each 
parameter. Once the low, mid, and high values are selected, they are applied to a probability density function. 

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-35. Abandoned coal mines 
CH4 emissions in 2010 were estimated to be between 3.88 and 6.05 Tg CO2 Eq. at a 95 percent confidence level. 
This indicates a range of 22 percent below to 21 percent above the 2010 emission estimate of 4.98 Tg CO2 Eq. One 
of the reasons for the relatively narrow range is that mine-specific data is used in the methodology. The largest 
degree of uncertainty is associated with the unknown status mines (which account for 42 percent of the mines), with 
a ±51 percent uncertainty. 

Table 3-35: Tier 2 Quantitative Uncertainty Estimates for CH4 Emissions from Abandoned Underground Coal 
Mines (Tg CO2 Eq. and Percent) 

2010 Emission 
Estimate 

Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.) (Tg CO2 Eq.) (%) 
Lower 
Bound 

Upper 
Bound 

Lower 
Bound 

Upper 
Bound 

Abandoned Underground Coal Mines CH4 4.98 3.88 6.05 -22% +21% 
a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval. 

Recalculations Discussion 
After last year’s submission of the 1990-2009 Inventory, a small error in the calculations spreadsheet for Abandoned 
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Underground Coal Mines was discovered. This error was fixed in preparation of this year’s Inventory and as a result 
some of the emissions estimates for this source category in past years differ from last year’s report. No new data or 
methodologies were used to recalculate these values. 

3.6. Natural Gas Systems (IPCC Source Category 1B2b) 
The U.S. natural gas system encompasses hundreds of thousands of wells, hundreds of processing facilities, and 
over a million miles of transmission and distribution pipelines. Overall, natural gas systems emitted 215.4 Tg CO2 
Eq. (10,259 Gg) of CH4 in 2010, a 14 percent increase over 1990 emissions (see Table 3-36 and Table 3-37) and 
32.3 Tg CO2 Eq. (32,301 Gg) of non-combustion CO2 in 2010, a 14 percent decrease over 1990 emissions (see 
Table 3-38 and Table 3-39). Improvements in management practices and technology, along with the replacement of 
older equipment, have helped to stabilize emissions. Methane emissions increased since 2008 due to an increase in 
production and production wells. 

CH4 and non-combustion CO2 emissions from natural gas systems are generally process related, with normal 
operations, routine maintenance, and system upsets being the primary contributors. Emissions from normal 
operations include: natural gas engines and turbine uncombusted exhaust, bleed and discharge emissions from 
pneumatic devices, and fugitive emissions from system components. Routine maintenance emissions originate from 
pipelines, equipment, and wells during repair and maintenance activities. Pressure surge relief systems and 
accidents can lead to system upset emissions. Below is a characterization of the four major stages of the natural gas 
system. Each of the stages is described and the different factors affecting CH4 and non-combustion CO2 emissions 
are discussed. 

Field Production. In this initial stage, wells are used to withdraw raw gas from underground formations. Emissions 
arise from the wells themselves, gathering pipelines, and well-site gas treatment facilities such as dehydrators and 
separators. Emissions from pneumatic devices, gas wells with liquids unloading, and gas well completions and re-
completions (workovers) with and without hydraulic fracturing account for the majority of CH4 emissions. Flaring 
emissions account for the majority of the non-combustion CO2 emissions. Emissions from field production 
accounted for approximately 58 percent of CH4 emissions and about 34 percent of non-combustion CO2 emissions 
from natural gas systems in 2010.  

Processing. In this stage, natural gas liquids and various other constituents from the raw gas are removed, resulting 
in “pipeline quality” gas, which is injected into the transmission system. Fugitive CH4 emissions from compressors, 
including compressor seals, are the primary emission source from this stage. The majority of non-combustion CO2 
emissions come from acid gas removal units, which are designed to remove CO2 from natural gas. Processing plants 
account for about 8 percent of CH4 emissions and approximately 66 percent of non-combustion CO2 emissions from 
natural gas systems. 

Transmission and Storage. Natural gas transmission involves high pressure, large diameter pipelines that transport 
gas long distances from field production and processing areas to distribution systems or large volume customers 
such as power plants or chemical plants. Compressor station facilities, which contain large reciprocating and turbine 
compressors, are used to move the gas throughout the United States transmission system. Fugitive CH4 emissions 
from these compressor stations and from metering and regulating stations account for the majority of the emissions 
from this stage. Pneumatic devices and engine uncombusted exhaust are also sources of CH4 emissions from 
transmission facilities. 

Natural gas is also injected and stored in underground formations, or liquefied and stored in above ground tanks, 
during periods of low demand (e.g., summer), and withdrawn, processed, and distributed during periods of high 
demand (e.g., winter). Compressors and dehydrators are the primary contributors to emissions from these storage 
facilities. CH4 emissions from the transmission and storage sector account for approximately 20 percent of 
emissions from natural gas systems, while CO2 emissions from transmission and storage account for less than 1 
percent of the non-combustion CO2 emissions from natural gas systems. 

Distribution. Distribution pipelines take the high-pressure gas from the transmission system at “city gate” stations, 
reduce the pressure and distribute the gas through primarily underground mains and service lines to individual end 
users. There were over 1,202,000 miles of distribution mains in 2010, an increase of approximately 258,000 miles 
since 1990 (OPS 2010b). Distribution system emissions, which account for approximately 13 percent of CH4 
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Stage 1990 2005 2006 2007 2008 2009 2010 
Field Production 89.0 105.2 133.8 117.8 123.2 129.4 126.0 
Processing 18.0 14.6 14.8 15.5 16.2 17.8 17.1 
Transmission and Storage 49.2 41.4 40.9 42.5 43.3 44.7 43.8 
Distribution 33.4 29.3 28.3 29.4 29.9 29.1 28.5 
Total 189.6 190.5 217.7 205.3 212.7 220.9 215.4 

 
 
 
 
 
                

         
         

 

 

           
          
                
                    
              
               
              

Stage 1990 
Field Production 4,240 
Processing 855 
Transmission and Storage 2,343 
Distribution 1,591 
Total 9,029 

2005 2006 2007 2008 2009 2010 
5,011 6 ,370 5,611 5,869 6,161 6,002 

694 704 737 770 837 812 
1,971 1,949 2,024 2,062 2,127 2,086 
1,395 1,346 1,402 1,426 1,384 1,359 
9,071 10,369 9,774 10,127 10,519 10,259 

                  
         
        

 

   

         
         

         
          

         
         

         
         

          
         

         
         

         
          

         
         

         

1990 2005 2006 2007 2008 2009 2010 
Calculated Potential‡ 189.4 240.2 295.7 274.2 293.3 288.5 288.6 
Field Production 88.9 141.0 197.8 173.7 191.2 186.9 185.9 
Processing 17.9 17.3 17.7 18.2 19.0 19.3 20.1 
Transmission and Storage 49.2 51.9 51.0 52.0 52.6 52.5 53.0 
Distribution 33.4 30.0 29.3 30.2 30.5 29.9 29.6 
Captured/Combusted (0.2)* 49.7 77.9 68.9 80.6 67.6 73.1 
Field Production + 35.8 64.0 55.9 67.9 57.5 59.8 
Processing + 2.7 2.9 2.8 2.8 1.5 3.0 
Transmission and Storage + 10.5 10.1 9.5 9.2 7.8 9.2 
Distribution + 0.7 1.0 0.8 0.6 0.9 1.1 
Net Emissions 189.6 190.5 217.7 205.3 212.7 220.9 215.4 
Field Production 89.0 105.2 133.8 117.8 123.2 129.4 126.0 
Processing 18.0 14.6 14.8 15.5 16.2 17.8 17.1 
Transmission and Storage 49.2 41.4 40.9 42.5 43.3 44.7 43.8 
Distribution 33.4 29.3 28.3 29.4 29.9 29.1 28.5 

         
                

               

emissions from natural gas systems and less than 1 percent of non-combustion CO2 emissions, result mainly from 
fugitive emissions from gate stations and pipelines. An increased use of plastic piping, which has lower emissions 
than other pipe materials, has reduced emissions from this stage. Distribution system CH4 emissions in 2010 were 
15 percent lower than 1990 levels. 

Table 3-36 and Table 3-37 show total CH4 emissions for the four major stages of natural gas systems, in Tg CO2 Eq 
(Table 3-36) and Gg (Table 3-37).  Table 3-38 gives more information on how the numbers in 3-36 were calculated. 
Table 3-38 shows the calculated CH4 release (i.e. potential emissions before any controls are applied) from each 
stage, and the amount of that CH4 that is estimated to have been flared, captured, or otherwise controlled, and 
therefore not emitted to the atmosphere. Subtracting the CH4 that is controlled from the quantity of CH4 that was 
calculated to be released results in the emissions totals. 

Table 3-36: CH4 Emissions from Natural Gas Systems (Tg CO2 Eq.)* 

*These values represent CH4 emitted to the atmosphere. CH4 that is captured (and not emitted to the atmosphere) has
	
been calculated and removed from emission totals.
	
Note: Totals may not sum due to independent rounding.
	

Table 3-37:  CH4 Emissions from  Natural  Gas Systems  (Gg)*  

* These values represent CH4 emitted to the atmosphere. CH4 that is captured (and not emitted to the atmosphere) has
	
been calculated and removed from emission totals.
	
Note: Totals may not sum due to independent rounding.
	

Table 3-38: Calculated  Potential CH4  and  Captured/Combusted  CH4  from  Natural  Gas Systems (Tg  CO2  Eq.)  

Note: Totals may not sum due to independent rounding. 
*The base year of the factors used is 1992; for reductions reported between 1990 and 1992, it is assumed that reductions 
are already taken into account in the Calculated Potential values and the reduction is added back into the estimate for the 
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appropriate year(s). For 1990, this table shows the value added back into the estimate. 
+ Emissions are less than 0.1 Tg CO2 Eq. 
‡ In this context, “potential” means the total emissions calculated before voluntary reductions/regulatory controls are 
applied. 

Table 3-39: Non-combustion CO2 Emissions from Natural Gas Systems (Tg CO2 Eq.) 

Stage 1990 2005 2006 2007 2008 2009 2010 
Field Production 
Processing 
Transmission and Storage 
Distribution 

9.7 
27.8 
0.1 

+ 

8.0 
21.7 
0.1 

+ 

9.4 
21.2 
0.1 

+ 

9.7 
21.2 
0.1 

+ 

11.3 
21.4 
0.1 

+ 

10.9 10.8 
21.2 21.3 
0.1 0.1 

+ + 
Total 37.6 29.9 30.8 31.0 32.8 32.2 32.3 
Note: Totals may not sum due to independent rounding. 
+ Emissions are less than 0.1 Tg CO2 Eq. 

Table 3-40: Non-combustion CO2 Emissions from Natural Gas Systems (Gg) 

Stage 1990 2005 2006 2007 2008 2009 2010 
Field Production 
Processing 
Transmission and Storage 
Distribution 

9,703 
27,763 

62 
46 

8,049 
21,746 

64 
41 

9,437 
21,214 

63 
40 

9,745 
21,199 

64 
41 

11,335 
21,385 

65 
42 

10,875 
21,188 

65 
41 

10,848 
21,346 

65 
41 

Total 37,574 29,901 30,754 31,049 32,826 32,169 32,301 
Note: Totals may not sum due to independent rounding. 

Methodology 
The primary basis for estimates of CH4 and non-combustion-related CO2 emissions from the U.S. natural gas 
industry is a detailed study by the Gas Research Institute and EPA (EPA/GRI 1996). The EPA/GRI study developed 
over 80 CH4 emission factors to characterize emissions from the various components within the operating stages of 
the U.S. natural gas system. The same factors were used to estimate both CH4 and non-combustion CO2 emissions. 
CO2 factors were developed using the CH4 emission factors and average CO2 and CH4 content of gas. The 
EPA/GRI study was based on a combination of process engineering studies and measurements at representative gas 
facilities. From this analysis, a 1992 emission estimate was developed using the emission factors and activity data 
drivers from the study, except where direct activity data was available (e.g., offshore platform counts, processing 
plant counts, transmission pipeline miles, and distribution pipelines). For other years, a set of industry activity data 
drivers was developed that can be used to update activity data, where such data is not directly available. These 
drivers include statistics on gas production, number of wells, system throughput, miles of various kinds of pipe, and 
other statistics that characterize the changes in the U.S. natural gas system infrastructure and operations. 

Although the inventory primarily uses EPA/GRI emission factors, significant improvements were made to the 
emissions estimates for three sources with last year’s inventory: gas wells with liquids unloading, condensate 
storage tanks and centrifugal compressors. In addition, data for two sources not included in the EPA/GRI study – 
gas well completions and gas well workovers (re-completions) with hydraulic fracturing- were added. In the case of 
gas wells with liquids unloading, the methodology was revised to use a large sample of well and reservoir 
characteristics from the HPDI database (HPDI 2009) along with an engineering statics equation (EPA 2006a) to 
estimate the volume of natural gas necessary to expel a liquid column choking the well production. See Annex 3.4 
for more information on the methodology for gas wells with liquids unloading. For condensate storage tanks, 
sample E&P Tank runs were used as was the case in previous inventories; however, the factor was improved by 
using a large sample distribution of condensate production by gravity from the HPDI database (HPDI 2009) to 
weigh the sample simulation flashing emissions rather than assuming a uniform distribution of condensate gravities. 
Additionally, TERC (TERC 2009) data representing two regions was used in the emission factors for those two 
regions to estimate the effects of separator dump valves malfunctioning and allowing natural gas to vent through the 
downstream condensate storage tanks. The EPA/GRI emission factor for centrifugal compressors (used in earlier 
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inventories) was derived from sampled emissions at the seal face of wet seal compressors. A World Gas Conference 
publication (WGC 2009) on the seal oil degassing vents was used to update this factor and to also account for the 
emergence of dry seal centrifugal compressors (EPA 2006b), which eliminates seal oil degassing vents and reduces 
overall emissions. For more information on this factor, see Annex 3.4. Previous Inventories did not differentiate 
between wells without hydraulic fracturing and with hydraulic fracturing for completions and workovers. Gas well 
completions and workovers with hydraulic fracturing were not common at the time the EPA/GRI survey was 
conducted. Since then, these activities have become more prevalent and emissions data on this activity has become 
available through a number of sources.  Using this data, an emission factor was developed for gas well completions 
and workovers with hydraulic fracturing. See Annex 3.4 for more detailed information on the methodology and data 
used to calculate CH4 and non-combustion CO2 emissions from natural gas systems. 

The emissions factors described above represent expected emissions from an activity, and do not take into account 
use of technologies that reduce emissions. To take into account use of such technologies, data is collected on 
regulatory and voluntary reductions. For more information on these reductions, please see the Annex. The numbers 
presented in tables 3-36 and 3-37 are the CH4 that is emitted to the atmosphere (i.e., net emissions), not potential 
emissions without capture or flaring. 

Activity data were taken from the following sources: American Gas Association (AGA 1991–1998); Bureau of 
Ocean Energy Management, Regulation and Enforcement (previous Minerals and Management Service) (BOEMRE 
2010a-d); Monthly Energy Review (EIA 2010f); Natural Gas Liquids Reserves Report (EIA 2005); Natural Gas 
Monthly (EIA 2010b,c,e); the Natural Gas STAR Program annual emissions savings (EPA 2010); Oil and Gas 
Journal (OGJ 1997–2010); Office of Pipeline Safety (OPS 2010a-b); Federal Energy Regulatory Commission 
(FERC 2010) and other Energy Information Administration publications (EIA 2001, 2004, 2010a,d); World Oil 
Magazine (2010a-b). Data for estimating emissions from hydrocarbon production tanks were incorporated (EPA 
1999). Coalbed CH4 well activity factors were taken from the Wyoming Oil and Gas Conservation Commission 
(Wyoming 2009) and the Alabama State Oil and Gas Board (Alabama 2010). Other state well data was taken from: 
American Association of Petroleum Geologists (AAPG 2004); Brookhaven College (Brookhaven 2004); Kansas 
Geological Survey (Kansas 2010); Montana Board of Oil and Gas Conservation (Montana 2010); Oklahoma 
Geological Survey (Oklahoma 2010); Morgan Stanley (Morgan Stanley 2005); Rocky Mountain Production Report 
(Lippman 2003); New Mexico Oil Conservation Division (New Mexico 2010, 2005); Texas Railroad Commission 
(Texas 2010a-d); Utah Division of Oil, Gas and Mining (Utah 2010). Emission factors were taken from EPA/GRI 
(1996). GTI’s Unconventional Natural Gas and Gas Composition Databases (GTI 2001) were used to adapt the CH4 
emission factors into non-combustion related CO2 emission factors and adjust CH4 emission factors from the 
EPA/GRI survey. Methane compositions from GTI 2001 are adjusted year to year using gross production by NEMS 
for oil and gas supply regions from the EIA. Therefore, emission factors may vary from year to year due to slight 
changes in the CH4 composition for each NEMS oil and gas supply module region. Additional information about 
CO2 content in transmission quality natural gas was obtained from numerous U.S. transmission companies to help 
further develop the non-combustion CO2 emission factors. 

Uncertainty and Time-Series Consistency 
A quantitative uncertainty analysis was conducted to determine the level of uncertainty surrounding estimates of 
emissions from natural gas systems. Performed using @RISK software and the IPCC-recommended Tier 2 
methodology (Monte Carlo Simulation technique), this analysis provides for the specification of probability density 
functions for key variables within a computational structure that mirrors the calculation of the inventory estimate. 
The @RISK model utilizes 1992 (base year) emissions to quantify the uncertainty associated with the emissions 
estimates using the top twelve emission sources for the year 2010. 

The results presented below provide with 95 percent certainty the range within which emissions from this source 
category are likely to fall for the year 2010. The heterogeneous nature of the natural gas industry makes it difficult 
to sample facilities that are completely representative of the entire industry. Because of this, scaling up from model 
facilities introduces a degree of uncertainty. Additionally, highly variable emission rates were measured among 
many system components, making the calculated average emission rates uncertain. The results of the Tier 2 
quantitative uncertainty analysis are summarized in Table 3-41. Natural gas systems CH4 emissions in 2010 were 
estimated to be between 174.5 and 280.0 Tg CO2 Eq. at a 95 percent confidence level. Natural gas systems non-
energy CO2 emissions in 2010 were estimated to be between 26.2 and 42.0 Tg CO2 Eq. at 95 percent confidence 
level. 
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Table 3-41: Tier 2 Quantitative Uncertainty Estimates for CH4 and Non-energy CO2 Emissions from Natural Gas 
Systems (Tg CO2 Eq. and Percent) 

2010 Emission 
Estimate 

Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.)c (Tg CO2 Eq.) (%) 
Lower 
Boundc 

Upper 
Boundc 

Lower 
Boundc 

Upper 
Boundc 

Natural Gas Systems 
Natural Gas Systemsb 

CH4 

CO2 

215.4 
32.3 

174.5 
26.2 

280.0 
42.0 

-19% 
-19% 

+30% 
+30% 

a Range of emission estimates predicted by Monte Carlo Simulation for a 95 percent confidence interval.
	
b An uncertainty analysis for the non-energy CO2 emissions was not performed. The relative uncertainty estimated
	
(expressed as a percent) from the CH4 uncertainty analysis was applied to the point estimate of non-energy CO2
	

emissions.
	
c All reported values are rounded after calculation. As a result, lower and upper bounds may not be duplicable from
	
other rounded values as shown in table.
	

QA/QC and Verification Discussion 
The natural gas inventory is continually being reviewed and assessed to determine whether emission factors and 
activity factors accurately reflect current industry practice. A QA/QC analysis was performed for data gathering and 
input, documentation, and calculation. In addition, through regulations, public webcasts, and the Natural Gas STAR 
Program, EPA performs a QA/QC check to determine the assumptions in the Inventory are consistent with current 
industry practices. Finally, QA/QC checks are consistently conducted to minimize human error in the model 
calculations. 

As a result of the QA/QC checks, two corrections were made in the current Natural Gas Systems estimates. First, 
the calculation for the CH4 content was corrected. The CH4 content is adjusted for each year by the gross production 
of natural gas in each state as reported by the EIA. In the previous Inventory, the CH4 content was adjusted 
incorrectly by including state production totals for which there was no CH4 content data. The current Inventory 
correctly makes a minor adjustment to the CH4 content using only state productions for which CH4 content is 
available. Second, emission factors for fugitive emissions from gas wells (i.e., equipment leaks from valves, 
connectors, and open ended lines on or associated with the wellhead) were corrected. For several NEMS regions 
these fugitive emission factors from the 1996 GRI study were missing or inconsistent with the study. 

Recalculations Discussion  
EPA has received information and data related to the emissions estimates through the inventory preparation process 
and the formal public notice and comment process of the proposed oil and gas new source performance standards 
(NSPS) for VOCs. EPA plans to carefully evaluate this and all other relevant information provided. Subsequently, 
all relevant updates will then be incorporated, as applicable, in the next cycle of the Inventory. See Planned 
Improvements below. In light of this current review of information and data, for the current Inventory, emissions 
for the natural gas sector were calculated using the same methodologies, emission factors, and sources of activity 
data as the 1990-2009 Inventory report. Additionally, EPA has used the estimates for emissions from completions 
and workovers hydraulically fractured wells from the Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990
2009 (i.e., maintained the same activity data and voluntary reductions for hydraulically fractured gas well 
completions and existing hydraulically fractured gas wells), holding constant the 2009 value for the 2010 estimate. 
Note that the estimates provided in the public review draft were changed because several values for hydraulically 
fractured well completions had been updated over the time series. Removing these updates resulted in a change of 
in total sector CH4 emissions of 0.3 percent over the time series from the public review draft. 

Some of the calculated emissions for the 1990 through 2009 times series have changed from the previous Inventory 
report due to corrections noted above in QA/QC and Verification Discussion. 

Planned Improvements 
EPA is considering a number of potential improvements for the Natural Gas Systems inventory. 

For the production sector, EPA intends to evaluate additional data on emission reductions, particularly those related 
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to gas wells with liquids unloading, and voluntary and regulatory reductions from well completions and, if 
appropriate, will incorporate revisions into future inventories. Evaluation of reductions associated with liquids 
unloading will include review of data on controls such as plunger lifts and other artificial lift technologies as 
appropriate. Additionally, accounting for the uncertainty of emission reductions to more accurately provide upper 
and lower bounds within the 95 percent confidence interval will be investigated. EPA also intends to investigate 
improvements to its estimates of emissions from hydraulic fracturing, including revisiting the estimates for 
workover frequency and the number of well completions. The current method for determining hydraulically 
fractured gas well completion counts relies on data from state websites. Using this method, gas well counts are 
limited to those that are published online and, therefore, the number of wells is not entirely complete. Subsequently, 
an underestimate of the number of gas well completions is expected. 

In the storage sector, the emission factors in the Inventory account for flashing emissions from condensate tanks. 
Measurement studies and anecdotal evidence suggest that, in some cases, produced gas from the separator will 
bypass the liquid dump valve and vent through the storage tank, which is not taken into account in the current 
estimates. New data on this source will be reviewed as it becomes available and emissions will be updated, as 
appropriate. 

Data collected through EPA’s Greenhouse Gas Reporting Program (40 CFR Part 98, Mandatory Reporting of 
Greenhouse Gases; Final Rule, Subpart W) will be reviewed for potential improvements to the natural gas systems 
emission estimates. The rule will collect actual activity data using improved quantification methods from those used 
in several of the studies which form the basis of the Natural Gas Systems emission estimates. Data collection for 
Subpart W began January 1, 2011 with emissions reporting beginning in 2012. These data will be reviewed for 
inclusion into a future Inventory to improve the accuracy and reduce the uncertainty of the emission estimates. 

As discussed above, EPA has received information and data related to the emissions estimates through the 
inventory preparation process and the formal public notice and comment process of the proposed oil and gas new 
source performance standards (NSPS) for VOCs. EPA plans to carefully evaluate this and all other relevant 
information provided to us. Subsequently, all relevant updates will then be incorporated, as applicable, in the next 
cycle of the Inventory. 

Finally, EPA is also considering improvements to the documentation of the Natural Gas Systems source category. 
EPA is considering including a table matching each emission factor and activity factor with its source or calculation 
methodology. The purpose of this improvement would be to make the calculation methodologies more transparent. 
In addition, EPA is considering adding additional tables to Annex 3.4 to show activity data and emission factors for 
previous years. EPA also plans on revising the emissions tables in Annex 3.4 to show voluntary reductions broken 
out for key emission sources. 

3.7. Petroleum Systems (IPCC Source Category 1B2a) 
Methane emissions from petroleum systems are primarily associated with crude oil production, transportation, and 
refining operations. During each of these activities, CH4 emissions are released to the atmosphere as fugitive 
emissions, vented emissions, emissions from operational upsets, and emissions from fuel combustion. Fugitive and 
vented CO2 emissions from petroleum systems are primarily associated with crude oil production and refining 
operations but are negligible in transportation operations. Combustion CO2 emissions from fuels are already 
accounted for in the Fossil Fuels Combustion source category, and hence have not been taken into account in the 
Petroleum Systems source category. Total CH4 and CO2 emissions from petroleum systems in 2010 were 31.1 Tg 
CO2 Eq. (1,478 Gg CH4) and 0.3 Tg CO2 (337 Gg), respectively. Since 1990, CH4 emissions have declined by 11.8 
percent, due to industry efforts to reduce emissions and a decline in domestic oil production (see 
Table 3-42 and Table 3-43). CO2 emissions have also declined by 14.4 percent since 1990 due to similar reasons 
(see Table 3-44 and Table 3-45). 

Production Field Operations. Production field operations account for 98.4 percent of total CH4 emissions from 
petroleum systems. Vented CH4 from field operations account for approximately 90 percent of the emissions from 
the production sector, uncombusted CH4 emissions (i.e. unburned fuel) account for 6.4 percent, fugitive emissions 
are 3.5 percent, and process upset emissions are slightly over two-tenths of a percent. The most dominant sources of 
emissions, in order of magnitude, are shallow water offshore oil platforms, natural-gas-powered high bleed 
pneumatic devices, oil tanks, natural-gas powered low bleed pneumatic devices, gas engines, deep water offshore 
platforms, and chemical injection pumps. These seven sources alone emit about 94 percent of the production field 
operations emissions. Offshore platform emissions are a combination of fugitive, vented, and uncombusted fuel 
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Activity 1990 
Production Field Operations 

Pneumatic device venting 
Tank venting 
Combustion & process upsets 
Misc. venting & fugitives 
Wellhead fugitives 

Crude Oil Transportation 
Refining 

34.7 
10.3 
5.3 
1.9 

16.8 
0.6 
0.1 
0.4 

Total 35.2 

2005 2006 2007 2008 2009 2010 
28.7 
8.3 
3.9 
1.5 

14.5 
0.4 
0.1 
0.4 

28.7 
8.3 
3.9 
1.5 

14.5 
0.4 
0.1 
0.4 

29.3 
8.4 
4.0 
1.5 

15.0 
0.4 
0.1 
0.4 

29.5 30.2 30.6 
8.7 8.8 8.8 
3.8 4.3 4.5 
1.6 2.0 2.0 

14.8 14.6 14.7 
0.5 0.5 0.5 
0.1 0.1 0.1 
0.4 0.4 0.4 

29.2 29.2 29.8 30.0 30.7 31.0 

 
 
 
 
 
 
 
 
 
         

   
 

         
           

 
 
 
 
 
 

 
 
 
 
 
 

         
           

                      
                     
                       
                          

Activity 1990 
Production Field Operations 1,653 

Pneumatic device venting 489 
Tank venting 250 
Combustion & process upsets 88 
Misc. venting & fugitives 799 

2005 
1,365 

397 
187 

71 
690 

2006 2007 2008 2009 2010 
1,365 1,396 1,404 1,437 1,455 

396 398 416 419 420 
188 192 182 206 214 
71 72 75 94 97 

692 714 706 693 700 

emissions from all equipment housed on oil platforms producing oil and associated gas. Emissions from high and 
low-bleed pneumatics occur when pressurized gas that is used for control devices is bled to the atmosphere as they 
cycle open and closed to modulate the system. Emissions from oil tanks occur when the CH4 entrained in crude oil 
under pressure volatilizes once the crude oil is put into storage tanks at atmospheric pressure. Emissions from gas 
engines are due to unburned CH4 that vents with the exhaust. Emissions from chemical injection pumps are due to 
the 25 percent of such pumps that use associated gas to drive pneumatic pumps. The remaining six percent of the 
emissions are distributed among 26 additional activities within the four categories: vented, fugitive, combustion and 
process upset emissions. For more detailed, source-level data on CH4 emissions in production field operations, refer 
to Annex 3.5. 

Vented CO2 associated with natural gas emissions from field operations account for 99 percent of the total CO2 
emissions from production field operations, while fugitive and process upsets together account for less than 1 
percent of the emissions. The most dominant sources of vented emissions are oil tanks, high bleed pneumatic 
devices, shallow water offshore oil platforms, low bleed pneumatic devices, and chemical injection pumps. These 
five sources together account for 98.5 percent of the non-combustion CO2 emissions from production field 
operations, while the remaining 1.5 percent of the emissions is distributed among 24 additional activities within the 
three categories: vented, fugitive and process upsets. 
Crude Oil Transportation. Crude oil transportation activities account for less than 0.5 percent of total CH4 
emissions from the oil industry. Venting from tanks and marine vessel loading operations accounts for 60.3 percent 
of CH4 emissions from crude oil transportation. Fugitive emissions, almost entirely from floating roof tanks, account 
for 18.5 percent. The remaining 21 percent is distributed among six additional sources within these two categories. 
Emissions from pump engine drivers and heaters were not estimated due to lack of data. 

Crude Oil Refining. Crude oil refining processes and systems account for less than 1.5 percent of total CH4 
emissions from the oil industry because most of the CH4 in crude oil is removed or escapes before the crude oil is 
delivered to the refineries. There is an insignificant amount of CH4 in all refined products. Within refineries, vented 
emissions account for about 81 percent of the emissions, while fugitive and combustion emissions account for 
approximately nine and nine and half percent respectively. Refinery system blowdowns for maintenance and the 
process of asphalt blowing—with air, to harden the asphalt—are the primary venting contributors. Most of the 
fugitive CH4 emissions from refineries are from leaks in the fuel gas system. Refinery combustion emissions 
include small amounts of unburned CH4 in process heater stack emissions and unburned CH4 in engine exhausts and 
flares. 

Asphalt blowing from crude oil refining accounts for 4.5 percent of the total non-combustion CO2 emissions in 
petroleum systems. 

Table 3-42: CH4 Emissions from Petroleum Systems (Tg CO2 Eq.) 

Note: Totals may not sum due to independent rounding. 

Table 3-43: CH4 Emissions from Petroleum Systems (Gg) 
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 Activity   1990   2005  2006  2007  2008  2009  2010 

Production Field 
Operations   376   285  285  292  280  311  322 

    Pneumatic device venting  27    22   22   22   23  23  23 
     Tank venting  328    246   246   252  239  270  281 
      Misc. venting & fugitives   18    16   16   16   16  16  16 
    Wellhead fugitives   1    1   1   1  1  1  1  
Crude Refining   18   20   20  18  16  14  15 
Total     394    305  306   310  297  325  337 

 
  

  
  
  
  
  
  
         

 
 

  

 
             

                
             

              
                 

              
  

               
                

              
               

               
              

                 
                   

                  
                

            
              

                
  

 
 
 
 

    Wellhead fugitives  26           19   17  20  24   24  24  
Crude Oil Transportation  7            5  5   5 5 5 5   
Refining   18         19    19   19  19  18  19  
Total    1,677      1,389  1,389 1,420   1,427  1,460  1,478  

         
 

 
  

Note: Totals may not sum due to independent rounding.
	

Table 3-44: CO2 Emissions from Petroleum Systems (Tg CO2 Eq.)
	

Activity 1990 2005 2006 2007 2008 2009 2010 
Production Field 
Operations 0.4 0.3 0.3 0.3 0.3 0.3 0.3 
Pneumatic device venting + + + + + + + 
Tank venting 0.3 0.2 0.2 0.3 0.2 0.3 0.3 
Misc. venting & fugitives + + + + + + + 
Wellhead fugitives + + + + + + + 

Crude Refining + + + + + + + 
Total 0.39 0.31 0.31 0.31 0.30 0.33 0.34 
+ Does not exceed 0.05 Tg CO2 Eq. 

Note: Totals may not sum due to independent rounding.
	

Table 3-45: CO2 Emissions from Petroleum Systems (Gg) 

Note: Totals may not sum due to independent rounding. 

Methodology 
The methodology for estimating CH4 emissions from petroleum systems is a bottom-up approach, based on 
comprehensive studies of CH4 emissions from U.S. petroleum systems (EPA 1996, EPA 1999). These studies 
combined emission estimates from 64 activities occurring in petroleum systems from the oil wellhead through crude 
oil refining, including 33 activities for crude oil production field operations, 11 for crude oil transportation activities, 
and 20 for refining operations. Annex 3.5 provides greater detail on the emission estimates for these 64 activities. 
The estimates of CH4 emissions from petroleum systems do not include emissions downstream of oil refineries 
because these emissions are negligible. 

The methodology for estimating CH4 emissions from the 64 oil industry activities employs emission factors initially 
developed by EPA (1999). Activity data for the years 1990 through 2010 were collected from a wide variety of 
statistical resources. Emissions are estimated for each activity by multiplying emission factors (e.g., emission rate 
per equipment item or per activity) by the corresponding activity data (e.g., equipment count or frequency of 
activity). EPA (1999) provides emission factors for all activities except those related to offshore oil production and 
field storage tanks. For offshore oil production, two emission factors were calculated using data collected over a 
one-year period for all federal offshore platforms (EPA 2005, BOEMRE 2004). One emission factor is for oil 
platforms in shallow water, and one emission factor is for oil platforms in deep water. Emission factors are held 
constant for the period 1990 through 2010. The number of platforms in shallow water and the number of platforms 
in deep water are used as activity data and are taken from Bureau of Ocean Energy Management, Regulation, and 
Enforcement (BOEMRE) (formerly Minerals Management Service) statistics (BOEMRE 2011a-c). For oil storage 
tanks, the emissions factor was calculated as the total emissions per barrel of crude charge from E&P Tank data 
weighted by the distribution of produced crude oil gravities from the HPDI production database (EPA 1999, HPDI 
2010). 

Energy 3-53 



      

              
           

                 
               
                 

              
              

           

            
            

            
              

                 
             

   

             
              

                
              

                 
            

               
 

    
             

          
              

              
            

    

             
                 

             
           

          
               

             
             

                

              
               

                
             

   

 

 

 

 

 

For some years, complete activity data were not available. In such cases, one of three approaches was employed. 
Where appropriate, the activity data was calculated from related statistics using ratios developed for EPA (1996). 
For example, EPA (1996) found that the number of heater treaters (a source of CH4 emissions) is related to both 
number of producing wells and annual production. To estimate the activity data for heater treaters, reported 
statistics for wells and production were used, along with the ratios developed for EPA (1996). In other cases, the 
activity data was held constant from 1990 through 2010 based on EPA (1999). Lastly, the previous year’s data were 
used when data for the current year were unavailable. The CH4 and CO2 sources in the production sector share 
common activity data. See Annex 3.5 for additional detail. 

Key references used to obtain activity data are the Energy Information Administration annual and monthly reports 
(EIA 1990 through 2010, 1995 through 2010, 1995 through 2010a-b), “Methane Emissions from the Natural Gas 
Industry by the Gas Research Institute and EPA” (EPA/GRI 1996a-d), “Estimates of Methane Emissions from the 
U.S. Oil Industry” (EPA 1999), consensus of industry peer review panels, BOEMRE reports (BOEMRE 2005, 
2010a-c), analysis of BOEMRE data (EPA 2005, BOEMRE 2004), the Oil & Gas Journal (OGJ 2011a,b), the 
Interstate Oil and Gas Compact Commission (IOGCC 2009, and the United States Army Corps of Engineers (1995-
2009). 

The methodology for estimating CO2 emissions from petroleum systems combines vented, fugitive, and process 
upset emissions sources from 29 activities for crude oil production field operations and one activity from petroleum 
refining. Emissions are estimated for each activity by multiplying emission factors by their corresponding activity 
data. The emission factors for CO2 are estimated by multiplying the CH4 emission factors by a conversion factor, 
which is the ratio of CO2 content and methane content in produced associated gas. The only exceptions to this 
methodology are the emission factors for crude oil storage tanks, which are obtained from E&P Tank simulation 
runs, and the emission factor for asphalt blowing, which was derived using the methodology and sample data from 
API (2009). 

Uncertainty and Time-Series Consistency 
This section describes the analysis conducted to quantify uncertainty associated with the estimates of emissions from 
petroleum systems. Performed using @RISK software and the IPCC-recommended Tier 2 methodology (Monte 
Carlo Stochastic Simulation technique), the method employed provides for the specification of probability density 
functions for key variables within a computational structure that mirrors the calculation of the inventory estimate. 
The results provide the range within which, with 95 percent certainty, emissions from this source category are likely 
to fall. 

The detailed, bottom-up inventory analysis used to evaluate U.S. petroleum systems reduces the uncertainty related 
to the CH4 emission estimates in comparison to a top-down approach. However, some uncertainty still remains. 
Emission factors and activity factors are based on a combination of measurements, equipment design data, 
engineering calculations and studies, surveys of selected facilities and statistical reporting. Statistical uncertainties 
arise from natural variation in measurements, equipment types, operational variability and survey and statistical 
methodologies. Published activity factors are not available every year for all 64 activities analyzed for petroleum 
systems; therefore, some are estimated. Because of the dominance of the seven major sources, which account for 92 
percent of the total methane emissions, the uncertainty surrounding these seven sources has been estimated most 
rigorously, and serves as the basis for determining the overall uncertainty of petroleum systems emission estimates. 

The results of the Tier 2 quantitative uncertainty analysis are summarized in Table 3-46. Petroleum systems CH4 
emissions in 2010 were estimated to be between 23.64 and 77.31 Tg CO2 Eq., while CO2 emissions were estimated 
to be between 0.26 and 0.85 Tg CO2 Eq. at a 95 percent confidence level. This indicates a range of 24 percent 
below to 149 percent above the 2010 emission estimates of 31.05 and 0.34 Tg CO2 Eq. for CH4 and CO2, 
respectively. 
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Table 3-46: Tier 2 Quantitative Uncertainty Estimates for CH4 Emissions from Petroleum Systems (Tg CO2 Eq. and 
Percent) 

2010 Emission 
Estimate 

Uncertainty Range Relative to Emission Estimatea 

Source Gas (Tg CO2 Eq.)b (Tg CO2 Eq.) (%) 
Lower 
Boundb 

Upper 
Boundb 

Lower 
Boundb 

Upper 
Boundb 

Petroleum Systems 
Petroleum Systems 

CH4 
CO2 

31.05 
0.34 

23.64 
0.26 

77.31 
0.85 

-24% 
-24% 

149% 
149% 

a Range of 2010 relative uncertainty predicted by Monte Carlo Stochastic Simulation, based on 1995 base
	
year activity factors, for a 95 percent confidence interval.

b All reported values are rounded after calculation. As a result, lower and upper bounds may not be
	
duplicable from other rounded values as shown in table.
	
Note: Totals may not sum due to independent rounding
	

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2010. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification Discussion 
The petroleum inventory is continually being reviewed and assessed to determine whether emission factors and 
activity factors accurately reflect current industry practice. A QA/QC analysis was performed for data gathering and 
input, documentation, and calculation. The primary focus of the QA/QC checks is determining if the assumptions in 
the Inventory are consistent with current industry practices through regulations, public webcasts, and the Natural 
Gas STAR Program. Finally, QA/QC checks are consistently conducted to minimize human error in the model 
calculations. 

A webcast was held by EPA for industry to comment on the ratio of high-bleed to low-bleed pneumatics, among 
other topics. Two of the top seven emission sources, high-bleed and low-bleed pneumatic devices, use the earlier 
mentioned industry peer review panel activity source (EPA/GRI 1996c). The Inventory assumes four pneumatic 
devices per well-site with a heater-treater and separator, and three pneumatic devices per well-site with a separator 
but without a heater-treater. EPA requested industry’s views on the assumption that, for each year of the time series 
(1990 to 2010), 35 percent of devices are high-bleed pneumatic devices. No new information was raised, nor 
concerns expressed, about this factor during the webcast and therefore this factor has not changed in the current 
inventory. 

Additionally, the webcast discussed the emission factor for a refinery source, asphalt blowing. EPA requested 
comment on the current CH4 emission factor for asphalt blowing (derived from a Radian International Study) versus 
the 2009 API Compendium’s CH4 emission factor. The emission factor from the current Inventory was not modified 
as a result of these comments; however, the activity for asphalt blowing was modified by applying a 10 percent 
factor to the activity obtained through EIA’s Petroleum Supply Annual. This was based on asphalt market analysis. 
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Recalculations Discussion 

Most revisions for the current Inventory relative to the previous report were due to updating previous years’ data 
with revised data from existing data sources. Well completion venting, well drilling, and offshore platform activity 
factors were updated with revised data from existing data sources from 1990 onward. Updating the activity data for 
asphalt blowing reduced CH4 and CO2 emissions for this source by a factor of 10, which has a relatively large 
impact on fugitive emissions from petroleum refineries, but due to the small contribution of refineries to the overall 
fugitive emissions, a relatively small impact on the overall greenhouse gas emission estimates from petroleum 
systems. 

In addition, when activity data updates are made for a particular emissions source the entire time series is revised or 
corrected, which may result in slight changes in estimated emissions from past years.. 

Planned Improvements 
In 2010, all U.S. petroleum refineries were required to collect information on their greenhouse gas emissions. This 
data was reported to EPA through its GHGRP in 2011. Data collected under this program will be evaluated for use 
in future inventories to improve the calculation of national emissions from petroleum systems. In particular, whether 
certain emissions sources currently accounted for in the Energy sector should be separately accounted for in the 
petroleum systems source category estimates (e.g., CO2 process emissions from hydrogen production) will be 
investigated. 

Improvements to the documentation of the Petroleum Systems source category is also being considered. A table 
matching each emission factor and activity factor with its source or calculation methodology is being considered. 
The purpose of this improvement would be to make the calculation methodologies more transparent. 

[BEGIN BOX] 

Box 3-3: Carbon Dioxide Transport, Injection, and Geological Storage 

Carbon dioxide is produced, captured, transported, and used for Enhanced Oil Recovery (EOR) as well as 
commercial and non-EOR industrial applications. This CO2 is produced from both naturally-occurring CO2 
reservoirs and from industrial sources such as natural gas processing plants and ammonia plants. In the current 
Inventory, emissions from naturally-produced CO2 are estimated based on the application. 

In the current Inventory report, the CO2 that is used in non-EOR industrial and commercial applications (e.g., food 
processing, chemical production) is assumed to be emitted to the atmosphere during its industrial use. These 
emissions are discussed in the Carbon Dioxide Consumption section. The naturally-occurring CO2 used in EOR 
operations is assumed to be fully sequestered. Additionally, all anthropogenic CO2 emitted from natural gas 
processing and ammonia plants is assumed to be emitted to the atmosphere, regardless of whether the CO2 is 
captured or not. These emissions are currently included in the Natural Gas Systems and the Ammonia Production 
sections of the Inventory report, respectively. 

IPCC (IPCC 2006) included, for the first time, methodological guidance to estimate emissions from the capture, 
transport, injection, and geological storage of CO2. The methodology is based on the principle that the carbon 
capture and storage system should be handled in a complete and consistent manner across the entire Energy sector. 
The approach accounts for CO2 captured at natural and industrial sites as well as emissions from capture, transport, 
and use. For storage specifically, a Tier 3 methodology is outlined for estimating and reporting emissions based on 
site-specific evaluations. However, IPCC (IPCC 2006) notes that if a national regulatory process exists, emissions 
information available through that process may support development of CO2 emissions estimates for geologic 
storage. 

As of January 1, 2011, facilities that conduct geologic sequestration of CO2 and all other facilities that inject CO2 
underground are required to calculate and report greenhouse gas data annually to EPA through its GHGRP. EPA’s 
GHGRP requires greenhouse gas reporting from facilities that inject CO2 underground for geologic sequestration, 
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Year 1990 2005 2006 2007 2008 2009 2010 
Acid Gas Removal Plants 4.8 5.8 6.2 6.4 6.6 7.0 11.6 
Naturally Occurring CO2 20.8 28.3 30.2 33.1 36.1 39.7 34.0 
Ammonia Production Plants + 0.7 0.7 0.7 0.6 0.6 0.7 
Pipelines Transporting CO2 + + + + + + + 
Total 25.6 34.7 37.1 40.1 43.3 47.3 46.2 

 
  
  
  
  
  
        

        
 

 
  

       
           
    

 
 
 
 
 

      
           

          
         

          
        

Year 1990 2005 2006 2007 2008 2009 2010 
Acid Gas Removal Plants 4,832 5,798 6,224 6,088 6,630 7,035 11,554 
Naturally Occurring CO2 20,811 28,267 30,224 33,086 36,102 39,725 33,967 
Ammonia Production Plants + 676 676 676 580 580 677 
Pipelines Transporting CO2 8 7 7 7 8 8 8 
Total 25,643 34,742 37,124 40,141 43,311 47,340 46,198 

 
  
  
  
  
  
       

         
       

 

 
  

 

 

  
             

              
         

        
           
           
           
            
            
             
             
  

         
 

           
            
            

and requires greenhouse gas reporting from all other facilities that inject CO2 underground for any reason, including 
enhanced oil and gas recovery. Facilities conducting geologic sequestration of CO2 are required to develop and 
implement an EPA-approved site-specific monitoring, reporting and verification (MRV) plan, and to report the 
amount of CO2 sequestered using a mass balance approach. Data from this program, which will be reported to EPA 
starting in 2012, for the 2011 calendar year, will provide additional facility-specific information about the carbon 
capture, transport and storage chain. That information will be evaluated closely and opportunities for improving the 
emission estimates will be considered. 

Preliminary estimates indicate that the amount of CO2 captured from industrial and natural sites is 46.2 Tg CO2 
(46,198 Gg CO2) (see Table 3-47and Table 3-48). Site-specific monitoring and reporting data for CO2 injection 
sites (i.e., EOR operations) were not readily available, therefore, these estimates assume all CO2 is emitted. 

Table 3-47: Potential Emissions from CO2 Capture and Transport (Tg CO2 Eq.) 

+ Does not exceed 0.05 Tg CO2 Eq. 

Note; Totals may not sum due to independent rounding.
	

Table 3-48: Potential Emissions from CO2 Capture and Transport (Gg) 

+ Does not exceed 0.5 Gg.
	
Note: Totals do not include emissions from pipelines transporting CO2 

Note; Totals may not sum due to independent rounding.
	

[END BOX] 

3.8. Energy Sources of Indirect Greenhouse Gas Emissions 
In addition to the main greenhouse gases addressed above, many energy-related activities generate emissions of 
indirect greenhouse gases. Total emissions of nitrogen oxides (NOx), carbon monoxide (CO), and non-CH4 volatile 
organic compounds (NMVOCs) from energy-related activities from 1990 to 2010 are reported in Table 3-49. 

Table 3-49: NOx, CO, and NMVOC Emissions from Energy-Related Activities (Gg) 

Gas/Source 1990 2005 2006 2007 2008 2009 2010 
NOx 21,106 15,319 14,473 13,829 13,012 10,887 10,887 
Mobile Combustion 10,862 9,012 8,488 7,965 7,441 6,206 6,206 
Stationary Combustion 10,023 5,858 5,545 5,432 5,148 4,159 4,159 
Oil and Gas Activities 139 321 319 318 318 393 393 
Incineration of Waste 82 129 121 114 106 128 128 
International Bunker 
Fuels* 2,020 1,703 1,794 1,791 1,917 1,651 1,812 

CO 125,640 69,062 65,399 61,739 58,078 49,647 49,647 
Mobile Combustion 119,360 62,692 58,972 55,253 51,533 43,355 43,355 
Stationary Combustion 5,000 4,649 4,695 4,744 4,792 4,543 4,543 
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Incineration of Waste 978 1,403 1,412 1,421 1,430 1,403 1,403 
Oil and Gas Activities 302 318 319 320 322 345 345 
International Bunker 
Fuels* 130 132 161 160 165 149 152 

NMVOCs 12,620 7,798 7,702 7,604 7,507 5,333 5,333 
Mobile Combustion 10,932 6,330 6,037 5,742 5,447 4,151 4,151 
Stationary Combustion 912 716 918 1,120 1,321 424 424 
Oil and Gas Activities 554 510 510 509 509 599 599 
Incineration of Waste 222 241 238 234 230 159 159 
International Bunker 
Fuels* 61 54 59 59 62 57 58 

* These values are presented for informational purposes only and are not included in totals.
	
Note: Totals may not sum due to independent rounding.
	

Methodology 
Due to the lack of data available at the time of publication, emission estimates for 2010 rely on 2009 data as a proxy. 
Emission estimates for 2009 were obtained from preliminary data (EPA 2010, EPA 2009), and disaggregated based 
on EPA (2003), which, in its final iteration, will be published on the National Emission Inventory (NEI) Air 
Pollutant Emission Trends web site. Emissions were calculated either for individual categories or for many 
categories combined, using basic activity data (e.g., the amount of raw material processed) as an indicator of 
emissions. National activity data were collected for individual categories from various agencies. Depending on the 
category, these basic activity data may include data on production, fuel deliveries, raw material processed, etc. 

Activity data were used in conjunction with emission factors, which together relate the quantity of emissions to the 
activity. Emission factors are generally available from the EPA’s Compilation of Air Pollutant Emission Factors, 
AP-42 (EPA 1997). The EPA currently derives the overall emission control efficiency of a source category from a 
variety of information sources, including published reports, the 1985 National Acid Precipitation and Assessment 
Program emissions inventory, and other EPA databases. 

Uncertainty and Time-Series Consistency 
Uncertainties in these estimates are partly due to the accuracy of the emission factors used and accurate estimates of 
activity data. A quantitative uncertainty analysis was not performed. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2010. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

3.9. International Bunker Fuels (IPCC Source Category 1: Memo Items) 
Emissions resulting from the combustion of fuels used for international transport activities, termed international 
bunker fuels under the UNFCCC, are not included in national emission totals, but are reported separately based upon 
location of fuel sales. The decision to report emissions from international bunker fuels separately, instead of 
allocating them to a particular country, was made by the Intergovernmental Negotiating Committee in establishing 
the Framework Convention on Climate Change.103 These decisions are reflected in the IPCC methodological 
guidance, including the 2006 IPCC Guidelines, in which countries are requested to report emissions from ships or 
aircraft that depart from their ports with fuel purchased within national boundaries and are engaged in international 
transport separately from national totals (IPCC 2006).104 

Greenhouse gases emitted from the combustion of international bunker fuels, like other fossil fuels, include CO2, 

103 See report of the Intergovernmental Negotiating Committee for a Framework Convention on Climate Change on the work of 
its ninth session, held at Geneva from 7 to 18 February 1994 (A/AC.237/55, annex I, para. 1c).
	
104 Note that the definition of international bunker fuels used by the UNFCCC differs from that used by the International Civil 

Aviation Organization.
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 Gas/Mode   1990
   2005  2006  2007  2008  2009  2010 

127.8 CO2  111.8  
  109.8  128.4  127.6  133.7  122.3  
 Aviation 46.4  
  56.8  74.6  73.8  75.5  68.6  72.5 

 Marine 65.4  
  53.0  53.8  53.9  58.2  53.7  55.3 
CH4  0.2   0.1  0.2  0.2  0.2  0.1  0.2 

 Aviation +  
  +  +  +  +  +  + 
 Marine 0.1  
  0.1  0.1  0.1  0.1  0.1  0.1 

N2O  1.1   1.0  1.2  1.2  1.2  1.1  1.2 
 Aviation 0.5  
  0.6  0.8  0.8  0.8  0.7  0.7 

 Marine 0.5  
  0.4  0.4  0.4  0.5  0.4  0.4 
129.2 Total  113.0   110.9  129.8  129.0  135.1  123.6  

  
  
  
  
  
  
  
  
  
  
        

              
  

 

        

                                                           

              
         

           
              

CH4 and N2O. Two transport modes are addressed under the IPCC definition of international bunker fuels: aviation 
and marine.105 Emissions from ground transport activities—by road vehicles and trains—even when crossing 
international borders are allocated to the country where the fuel was loaded into the vehicle and, therefore, are not 
counted as bunker fuel emissions. 

The IPCC Guidelines distinguish between different modes of air traffic. Civil aviation comprises aircraft used for 
the commercial transport of passengers and freight, military aviation comprises aircraft under the control of national 
armed forces, and general aviation applies to recreational and small corporate aircraft. The IPCC Guidelines further 
define international bunker fuel use from civil aviation as the fuel combusted for civil (e.g., commercial) aviation 
purposes by aircraft arriving or departing on international flight segments. However, as mentioned above, and in 
keeping with the IPCC Guidelines, only the fuel purchased in the United States and used by aircraft taking-off (i.e., 
departing) from the United States are reported here. The standard fuel used for civil aviation is kerosene-type jet 
fuel, while the typical fuel used for general aviation is aviation gasoline.106 

Emissions of CO2 from aircraft are essentially a function of fuel use. Methane and N2O emissions also depend upon 
engine characteristics, flight conditions, and flight phase (i.e., take-off, climb, cruise, decent, and landing). Methane 
is the product of incomplete combustion and occurs mainly during the landing and take-off phases. Methane may be 
emitted by gas turbines during idle and by older technology engines, but recent data suggest that little or no CH4 is 
emitted by modern engines (Anderson et al. 2011). In jet engines, N2O is primarily produced by the oxidation of 
atmospheric nitrogen, and the majority of emissions occur during the cruise phase. International marine bunkers 
comprise emissions from fuels burned by ocean-going ships of all flags that are engaged in international transport. 
Ocean-going ships are generally classified as cargo and passenger carrying, military (i.e., U.S. Navy), fishing, and 
miscellaneous support ships (e.g., tugboats). For the purpose of estimating greenhouse gas emissions, international 
bunker fuels are solely related to cargo and passenger carrying vessels, which is the largest of the four categories, 
and military vessels. Two main types of fuels are used on sea-going vessels: distillate diesel fuel and residual fuel 
oil. CO2 is the primary greenhouse gas emitted from marine shipping. 

Overall, aggregate greenhouse gas emissions in 2010 from the combustion of international bunker fuels from both 
aviation and marine activities were 129.2 Tg CO2 Eq., or 14 percent above emissions in 1990 (see Table 3-50 and 
Table 3-51).  Emissions from international flights and international shipping voyages departing from the United 
States have increased by 56 percent and decreased by 15 percent, respectively, since 1990. The majority of these 
emissions were in the form of CO2; however, small amounts of CH4 and N2O were also emitted. 

Table 3-50: CO2, CH4, and N2O Emissions from International Bunker Fuels (Tg CO2 Eq.) 

+ Does not exceed 0.05 Tg CO2 Eq.
	
Note: Totals may not sum due to independent rounding. Includes aircraft cruise altitude emissions.
	

105 Most emission related international aviation and marine regulations are under the rubric of the International Civil Aviation 
Organization (ICAO) or the International Maritime Organization (IMO), which develop international codes, recommendations, 
and conventions, such as the International Convention of the Prevention of Pollution from Ships (MARPOL). 
106 Naphtha-type jet fuel was used in the past by the military in turbojet and turboprop aircraft engines. 

Energy 3-59 



      

            
          
          
          
          
          
          
          
          
          
          
          
                
          

 
             

               
                  

             
             
                   

                
               

 

             
                  

          
               

              
              
           
   

              
                

            
                  

              
            

                
                  

       

             
                  

                
                 

            
              

              
             

            
            

                  
              

            

Table 3-51: CO2, CH4 and N2O Emissions from International Bunker Fuels (Gg) 

Gas/Mode 1990 2005 2006 2007 2008 2009 2010 
CO2 111,828 109,765 128,413 127,643 133,730 122,338 127,841 
Aviation 46,399 56,751 74,581 73,788 75,534 68,614 72,542 
Marine 65,429 53,014 53,832 53,856 58,196 53,723 55,299 
CH4 8 7 8 8 8 7 8 
Aviation 2 2 2 2 2 2 2 
Marine 7 5 5 5 6 5 6 
N2O 3 3 4 4 4 4 4 
Aviation 2 2 2 2 2 2 2 
Marine 2 1 1 1 1 1 1 
Note: Totals may not sum due to independent rounding. Includes aircraft cruise altitude emissions. 

Methodology 
Emissions of CO2 were estimated by applying C content and fraction oxidized factors to fuel consumption activity 
data. This approach is analogous to that described under CO2 from Fossil Fuel Combustion. C content and fraction 
oxidized factors for jet fuel, distillate fuel oil, and residual fuel oil were taken directly from EIA and are presented in 
Annex 2.1, Annex 2.2, and Annex 3.7 of this inventory. Density conversions were taken from Chevron (2000), 
ASTM (1989), and USAF (1998). Heat content for distillate fuel oil and residual fuel oil were taken from EIA 
(2010) and USAF (1998), and heat content for jet fuel was taken from EIA (2010a). A complete description of the 
methodology and a listing of the various factors employed can be found in Annex 2.1. See Annex 3.7 for a specific 
discussion on the methodology used for estimating emissions from international bunker fuel use by the U.S. 
military. 

Emission estimates for CH4 and N2O were calculated by multiplying emission factors by measures of fuel 
consumption by fuel type and mode. Emission factors used in the calculations of CH4 and N2O emissions were 
obtained from the Revised 1996 IPCC Guidelines (IPCC/UNEP/OECD/IEA 1997) and the 2006 IPCC Guidelines 
(IPCC 2006). For aircraft emissions, the following values, in units of grams of pollutant per kilogram of fuel 
consumed (g/kg), were employed: 0.09 for CH4 and 0.1 for N2O (IPCC 2006). For marine vessels consuming either 
distillate diesel or residual fuel oil the following values (g/MJ), were employed: 0.32 for CH4 and 0.08 for N2O. 
Activity data for aviation included solely jet fuel consumption statistics, while the marine mode included both 
distillate diesel and residual fuel oil. 

Activity data on aircraft fuel consumption for inventory years 2000 through 2005 were developed using the FAA’s 
System for assessing Aviation’s Global Emissions (SAGE) model (FAA 2006). That tool has been incorporated into 
the Aviation Environmental Design Tool (AEDT), which calculates noise in addition to aircraft fuel burn and 
emissions for all commercial flights globally in a given year (FAA 2010). Data for inventory years 2006 through 
2010 were developed using AEDT. Activity data on commercial aircraft fuel consumption for years 2000 through 
2009 were developed with "domestic" defined as only the 50 states and “international bunkers” as departures from 
the 50 states to a destination outside of the 50 states. For year 2010 the data was provided both with domestic 
defined as the 50 states -and- separately as the 50 states and U.S. Territories. The 2010 data formats will be 
produced for future inventories and recalculations of prior inventories. 

International aviation bunker fuel consumption from 1990 to 2010 was calculated by assigning the difference 
between the sum of domestic activity data (in Tbtu) from SAGE and the AEDT, and the reported EIA transportation 
jet fuel consumption to the international bunker fuel category for jet fuel from EIA (2010a). Data on U.S. 
Department of Defense (DoD) aviation bunker fuels and total jet fuel consumed by the U.S. military was supplied 
by the Office of the Under Secretary of Defense (Installations and Environment), DoD. Estimates of the percentage 
of each Service’s total operations that were international operations were developed by DoD. Military aviation 
bunkers included international operations, operations conducted from naval vessels at sea, and operations conducted 
from U.S. installations principally over international water in direct support of military operations at sea. Military 
aviation bunker fuel emissions were estimated using military fuel and operations data synthesized from unpublished 
data by the Defense Energy Support Center, under DoD’s Defense Logistics Agency (DESC 2011). Together, the 
data allow the quantity of fuel used in military international operations to be estimated. Densities for each jet fuel 
type were obtained from a report from the U.S. Air Force (USAF 1998). Final jet fuel consumption estimates are 
presented in Table 3-52. See Annex 3.7 for additional discussion of military data. 
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 Fuel Type   1990   2005  2006  2007  2008  2009  2010 

 Residual Fuel Oil  4,781   3,881  4,004  4,059  4,373  4,040  4,141 
   Distillate Diesel Fuel & Other  617   444  446  358  445  426  476 

   U.S. Military Naval Fuels  522   471  414  444  437  384  377 
Total   5,920   4,796  4,864  4,861  5,254  4,850  4,994 

 
 
 
 
           
          

   
             

          
            
                

          
               

             
             

            
                

                 
                

              
              

               
               

                   
                

                
                

              
             

              

                                                           

            

Activity data on distillate diesel and residual fuel oil consumption by cargo or passenger carrying marine vessels 
departing from U.S. ports were taken from unpublished data collected by the Foreign Trade Division of the U.S. 
Department of Commerce’s Bureau of the Census (DOC 2011) for 1990 through 2001, 2007, through 2010, and the 
Department of Homeland Security’s Bunker Report for 2003 through 2006 (DHS 2008). Fuel consumption data for 
2002 was interpolated due to inconsistencies in reported fuel consumption data. Activity data on distillate diesel 
consumption by military vessels departing from U.S. ports were provided by DESC (2011). The total amount of 
fuel provided to naval vessels was reduced by 13 percent to account for fuel used while the vessels were not-
underway (i.e., in port). Data on the percentage of steaming hours underway versus not-underway were provided by 
the U.S. Navy. These fuel consumption estimates are presented in. Table 3-53. 

Table 3-52: Aviation Jet Fuel Consumption for International Transport (Million Gallons) 

Nationality 1990 2005 2006 2007 2008 2009 2010 
U.S. and Foreign Carriers 4,934 5,944 7,812 7,729 7,912 7,187 7,598 
U.S. Military 862 464 403 413 389 370 359 
Total 5,796 6,408 8,215 8,142 8,301 7,557 7,957 
Note: Totals may not sum due to independent rounding.
	

Table 3-53: Marine Fuel Consumption for International Transport (Million Gallons)
	

Note: Totals may not sum due to independent rounding. 

Uncertainty and Time-Series Consistency 
Emission estimates related to the consumption of international bunker fuels are subject to the same uncertainties as 
those from domestic aviation and marine mobile combustion emissions; however, additional uncertainties result 
from the difficulty in collecting accurate fuel consumption activity data for international transport activities separate 
from domestic transport activities.107 For example, smaller aircraft on shorter routes often carry sufficient fuel to 
complete several flight segments without refueling in order to minimize time spent at the airport gate or take 
advantage of lower fuel prices at particular airports. This practice, called tankering, when done on international 
flights, complicates the use of fuel sales data for estimating bunker fuel emissions. Tankering is less common with 
the type of large, long-range aircraft that make many international flights from the United States, however. Similar 
practices occur in the marine shipping industry where fuel costs represent a significant portion of overall operating 
costs and fuel prices vary from port to port, leading to some tankering from ports with low fuel costs. 

Uncertainties exist with regard to the total fuel used by military aircraft and ships, and in the activity data on military 
operations and training that were used to estimate percentages of total fuel use reported as bunker fuel emissions. 
Total aircraft and ship fuel use estimates were developed from DoD records, which document fuel sold to the Navy 
and Air Force from the Defense Logistics Agency. These data may slightly over or under estimate actual total fuel 
use in aircraft and ships because each Service may have procured fuel from, and/or may have sold to, traded with, 
and/or given fuel to other ships, aircraft, governments, or other entities. There are uncertainties in aircraft operations 
and training activity data. Estimates for the quantity of fuel actually used in Navy and Air Force flying activities 
reported as bunker fuel emissions had to be estimated based on a combination of available data and expert judgment. 
Estimates of marine bunker fuel emissions were based on Navy vessel steaming hour data, which reports fuel used 
while underway and fuel used while not underway. This approach does not capture some voyages that would be 
classified as domestic for a commercial vessel. Conversely, emissions from fuel used while not underway preceding 
an international voyage are reported as domestic rather than international as would be done for a commercial vessel. 
There is uncertainty associated with ground fuel estimates for 1997 through 2001. Small fuel quantities may have 

107 See uncertainty discussions under Carbon Dioxide Emissions from Fossil Fuel Combustion. 
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been used in vehicles or equipment other than that which was assumed for each fuel type. 

There are also uncertainties in fuel end-uses by fuel-type, emissions factors, fuel densities, diesel fuel sulfur content, 
aircraft and vessel engine characteristics and fuel efficiencies, and the methodology used to back-calculate the data 
set to 1990 using the original set from 1995. The data were adjusted for trends in fuel use based on a closely 
correlating, but not matching, data set. All assumptions used to develop the estimate were based on process 
knowledge, Department and military Service data, and expert judgments. The magnitude of the potential errors 
related to the various uncertainties has not been calculated, but is believed to be small. The uncertainties associated 
with future military bunker fuel emission estimates could be reduced through additional data collection. 

Although aggregate fuel consumption data have been used to estimate emissions from aviation, the recommended 
method for estimating emissions of gases other than CO2 in the 2006 IPCC Guidelines is to use data by specific 
aircraft type, number of individual flights and, ideally, movement data to better differentiate between domestic and 
international aviation and to facilitate estimating the effects of changes in technologies. The IPCC also recommends 
that cruise altitude emissions be estimated separately using fuel consumption data, while landing and take-off (LTO) 
cycle data be used to estimate near-ground level emissions of gases other than CO2.108 

There is also concern regarding the reliability of the existing DOC (2011) data on marine vessel fuel consumption 
reported at U.S. customs stations due to the significant degree of inter-annual variation. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009. Details on the emission trends through time are described in more detail in the Methodology section, 
above. 

QA/QC and Verification 
A source-specific QA/QC plan for international bunker fuels was developed and implemented. This effort included 
a Tier 1 analysis, as well as portions of a Tier 2 analysis. The Tier 2 procedures that were implemented involved 
checks specifically focusing on the activity data and emission factor sources and methodology used for estimating 
CO2, CH4, and N2O from international bunker fuels in the United States. Emission totals for the different sectors 
and fuels were compared and trends were investigated. No corrective actions were necessary. 

Recalculations Discussion 
Slight changes to emission estimates are due to revisions made to historical activity data for aviation jet fuel 
consumption using the FAA’s AEDT. These historical data changes resulted in changes to the emission estimates for 
1990 through 2009 relative to the previous inventory, which averaged to an annual decrease in emissions from 
international bunker fuels of 0.03 Tg CO2 Eq. (less than 0.1 percent) in CO2 emissions, an annual decrease of less 
than 0.01 Tg CO2 Eq. (0.01 percent) in CH4 emissions, and an annual decrease of less than 0.01 Tg CO2 Eq. (0.01 
percent) in N2O emissions. 

3.10. Wood Biomass and Ethanol Consumption (IPCC Source Category 1A) 
The combustion of biomass fuels such as wood, charcoal, and wood waste and biomass-based fuels such as ethanol 
from corn and woody crops generates CO2 in addition to CH4 and N2O already covered in this chapter. In line with 
the reporting requirements for inventories submitted under the UNFCCC, CO2 emissions from biomass combustion 
have been estimated separately from fossil fuel CO2 emissions and are not directly included in the energy sector 
contributions to U.S. totals. In accordance with IPCC methodological guidelines, any such emissions are calculated 
by accounting for net carbon (C) fluxes from changes in biogenic C reservoirs in wooded or crop lands. For a more 

108 U.S. aviation emission estimates for CO, NOx, and NMVOCs are reported by EPA’s National Emission Inventory (NEI) Air 
Pollutant Emission Trends web site, and reported under the Mobile Combustion section. It should be noted that these estimates 
are based solely upon LTO cycles and consequently only capture near ground-level emissions, which are more relevant for air 
quality evaluations. These estimates also include both domestic and international flights. Therefore, estimates reported under the 
Mobile Combustion section overestimate IPCC-defined domestic CO, NOx, and NMVOC emissions by including landing and 
take-off (LTO) cycles by aircraft on international flights, but underestimate because they do not include emissions from aircraft 
on domestic flight segments at cruising altitudes. The estimates in Mobile Combustion are also likely to include emissions from 
ocean-going vessels departing from U.S. ports on international voyages. 
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 End-Use Sector   1990   2005  2006  2007  2008  2009  2010 

 Transportationa  4,136    22,414   30,237   38,116   53,796   61,191   73,225  
 Industrial  56    468   662   674   797   888   1,062  

Commercial   34    60   86   135   146   194   232  

 
 
 

complete description of this methodological approach, see the Land Use, Land-Use Change, and Forestry chapter 
(Chapter 7), which accounts for the contribution of any resulting CO2 emissions to U.S. totals within the Land Use, 
Land-Use Change and Forestry sector’s approach. 

In 2010, total CO2 emissions from the burning of woody biomass in the industrial, residential, commercial, and 
electricity generation sectors were approximately 191.6 Tg CO2 Eq. (191,591 Gg) (see Table 3-54 and Table 3-55).  
As the largest consumer of woody biomass, the industrial sector was responsible for 70 percent of the CO2 emissions 
from this source. Emissions from this sector increased from 2009 to 2010 due to a corresponding increase in wood 
consumption. The residential sector was the second largest emitter, constituting 25 percent of the total, while the 
commercial and electricity generation sectors accounted for the remainder. 

Table 3-54: CO2 Emissions from Wood Consumption by End-Use Sector (Tg CO2 Eq.) 

End-Use Sector 1990 
148.4 150.0 143.9 136.3 122.9 133.9 
2005 2006 2007 2008 2009 2010 

Industrial 143.2 
Residential 63.3 48.3 43.7 48.1 50.1 48.4 47.3 
Commercial 7.2 7.8 7.2 7.8 8.1 8.2 7.9 
Electricity Generation 0.7 1.2 1.7 2.4 2.8 2.4 2.6 
Total 214.4 205.7 202.7 202.2 197.4 181.8 191.6 
Note: Totals may not sum due to independent rounding.
	

Table 3-55: CO2 Emissions from Wood Consumption by End-Use Sector (Gg)
	

End-Use Sector 1990 2005 2006 2007 2008 2009 2010 
Industrial 143,21 

9 148,386 150,033 143,929 136,324 122,851 133,871 
Residential 63,286 48,283 43,657 48,113 50,147 48,440 47,260 
Commercial 7,173 7,821 7,246 7,768 8,133 8,160 7,908 
Electricity Generation 733 1,182 1,744 2,394 2,754 2,355 2,552 
Total 214,41 

0 205,671 202,680 202,204 197,358 181,806 191,591 
Note: Totals may not sum due to independent rounding. 

Biomass-derived fuel consumption in the United States transportation sector consisted primarily of ethanol use. 
Ethanol is primarily produced from corn grown in the Midwest, and was used mostly in the Midwest and South. 
Pure ethanol can be combusted, or it can be mixed with gasoline as a supplement or octane-enhancing agent. The 
most common mixture is a 90 percent gasoline, 10 percent ethanol blend known as gasohol. Ethanol and ethanol 
blends are often used to fuel public transport vehicles such as buses, or centrally fueled fleet vehicles. 

In 2010, the United States consumed an estimated 1,089 trillion Btu of ethanol, and as a result, produced 
approximately 74.5 Tg CO2 Eq. (74,519 Gg) (see Table 3-56 and Table 3-57 ) of CO2 emissions. Ethanol 
production and consumption has grown steadily every year since 1990, with the exception of 1996 due to short corn 
supplies and high prices in that year. 

Table 3-56: CO2 Emissions from Ethanol Consumption (Tg CO2 Eq.) 

End-Use Sector 1990 2005 2006 2007 2008 2009 2010 
Transportation 4.1 22.4 30.2 38.1 53.8 61.2 73.2 
Industrial 0.1 0.5 0.7 0.7 0.8 0.9 1.1 
Commercial + 0.1 0.1 0.1 0.1 0.2 0.2 
Total 4.2 22.9 31.0 38.9 54.7 62.3 74.5 
+ Does not exceed 0.05 Tg CO2 Eq. 


Table 3-57: CO2 Emissions from Ethanol Consumption (Gg)
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 Total   4,227    22,943   30,985   38,924   54,739   62,272   74,519  
         
          

 
             

             
            

             
             

              
           

             
             

            
  

         
             
                

                
             

              
                

  

        
          
          
          
          
          
           
          
  
          

          
          
          
          
          
          

End-Use Sector 1990 2005 2006 2007 2008 2009 2010 
Transportation 60.4 327.4 441.7 556.8 785.8 893.9 1,069.7 
Industrial 0.8 6.8 9.7 9.8 11.6 13.0 15.5 
Commercial 0.5 0.9 1.3 2.0 2.1 2.8 3.4 
Total 61.7 335.1 452.6 568.6 799.6 909.7 1,088.6 

  
          

  
              

            
              

           
                

               
          

           
                  

a See Annex 3.2, Table A-88 for additional information on transportation consumption of these fuels. 

Methodology 
Woody biomass emissions were estimated by applying two EIA gross heat contents (Lindstrom 2006) to U.S. 
consumption data (see Table 3-58), provided in energy units. This year woody biomass consumption data for the 
industrial, residential, and commercial sectors were obtained from EIA 2011, while woody biomass consumption 
data for the electricity generation sector was estimated from EPA’s Clean Air Market Acid Rain Program dataset 
(EPA 2011). The bottom-up analysis of woody biomass consumption based on EPA’s Acid Rain Program dataset 
indicated that the amount of woody biomass consumption allocated in the EIA statistics should be adjusted. 
Therefore, for these estimates, the electricity generation sector’s woody biomass consumption was adjusted 
downward to match the value obtained from the bottom-up analysis based on EPA’s Acid Rain Program dataset. As 
the total woody biomass consumption estimate from EIA is considered to be accurate at the national level, the 
woody biomass consumption totals for the industrial, residential, and commercial sectors were adjusted upward 
proportionately. 

One heat content (16.95 MMBtu/MT wood and wood waste) was applied to the industrial sector’s consumption, 
while the other heat content (15.43 MMBtu/MT wood and wood waste) was applied to the consumption data for the 
other sectors. An EIA emission factor of 0.434 MT C/MT wood (Lindstrom 2006) was then applied to the resulting 
quantities of woody biomass to obtain CO2 emission estimates. It was assumed that the woody biomass contains 
black liquor and other wood wastes, has a moisture content of 12 percent, and is converted into CO2 with 100 
percent efficiency. The emissions from ethanol consumption were calculated by applying an emission factor of 
18.67 Tg C/QBtu (EPA 2010) to U.S. ethanol consumption estimates that were provided in energy units (EIA 2011) 
(see Table 3-59). 

Table 3-58: Woody Biomass Consumption by Sector (Trillion Btu) 

End-Use Sector 1990 2005 2006 2007 2008 2009 2010 
Industrial 1,525.8 1,580.8 

468.2 
75.8 
11.5 

1,598.4 
423.4 

70.3 
16.9 

1,533.3 
466.6 

75.3 
23.2 

1,452.3 
486.3 

78.9 
26.7 

1,308.8 
469.8 

79.1 
22.8 

1,426.2 
458.3 

76.7 
24.7 

Residential 613.7 
Commercial 69.6 
Electricity Generation 7.1 
Total 2,216.2 2,136.4 2,108.9 2,098.5 2,044.2 1,880.5 1,985.9 

Table 3-59:  Ethanol Consumption  by  Sector  (Trillion  Btu)  

Uncertainty and Time-Series Consistency 
It is assumed that the combustion efficiency for woody biomass is 100 percent, which is believed to be an 
overestimate of the efficiency of wood combustion processes in the United States. Decreasing the combustion 
efficiency would decrease emission estimates. Additionally, the heat content applied to the consumption of woody 
biomass in the residential, commercial, and electric power sectors is unlikely to be a completely accurate 
representation of the heat content for all the different types of woody biomass consumed within these sectors. 
Emission estimates from ethanol production are more certain than estimates from woody biomass consumption due 
to better activity data collection methods and uniform combustion techniques. 

Methodological recalculations were applied to the entire time-series to ensure time-series consistency from 1990 
through 2009. Details on the emission trends through time are described in more detail in the Methodology section, 
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above. 

Recalculations Discussion 
Wood and ethanol consumption values were revised relative to the previous Inventory for 2009 based on updated 
information from EIA’s Annual Energy Review (EIA 2011). Additionally, the change in methodology for 
calculating emissions from woody biomass led a decrease in emissions from the electricity generation sector and an 
increase in emissions for the other sectors over the time series. This adjustment of historical data for wood biomass 
consumption resulted in an average annual decrease in emissions from wood biomass consumption of about 1.0 Tg 
CO2 Eq. (0.5 percent) from 1990 through 2009. Slight adjustments were made to ethanol consumption based on 
updated information from EIA (2011), which slightly increased estimates for ethanol consumed. As a result of 
adjustments to historical EIA data, average annual emissions from ethanol consumption increased by less than 0.05 
Tg CO2 Eq. (less than 0.05 percent) relative to the previous Inventory. 

Planned Improvements 

The availability of facility-level combustion emissions through EPA’s GHGRP will be examined to help better 
characterize the industrial sector’s energy consumption in the United States, and further classify business 
establishments according to industrial economic activity type. Most methodologies used in EPA’s GHGRP are 
consistent with IPCC, though for EPA’s GHGRP, facilities collect detailed information specific to their operations 
according to detailed measurement standards, which may differ with the more aggregated data collected for the 
Inventory to estimate total, national U.S. emissions. In addition, and unlike the reporting requirements for this 
chapter under the UNFCCC reporting guidelines,109 some facility-level fuel combustion emissions reported under 
the GHGRP may also include industrial process emissions. In line with UNFCCC reporting guidelines, fuel 
combustion emissions are included in this chapter, while process emissions are included in the Industrial Processes 
chapter of this report. In examining data from EPA’s GHGRP that would be useful to improve the emission 
estimates for the CO2 from biomass combustion category, particular attention will also be made to ensure time series 
consistency, as the facility-level reporting data from EPA’s GHGRP are not available for all inventory years as 
reported in this inventory. Additionally, analyses will focus on aligning reported facility-level fuel types and IPCC 
fuel types per the national energy statistics, ensuring CO2 emissions from biomass are separated in the facility-level 
reported data, and maintaining consistency with national energy statistics provided by EIA. In implementing 
improvements and integration of data from EPA’s GHGRP, the latest guidance from the IPCC on the use of facility-
level data in national inventories will be relied upon.110 

109 See <http://unfccc.int/resource/docs/2006/sbsta/eng/09.pdf> 
110 See <http://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/1008_Model_and_Facility_Level_Data_Report.pdf> 
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Figure 3-3: 2010 U.S. Energy Consumption by Energy Source 
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Figure 3-5: 2010 CO2 Emissions from Fossil Fuel Combustion by Sector and Fuel Type
 
Note: The electricity generation sector also includes emissions of less than 0.5 Tg CO2 Eq. from geothermal-based electricity generation.
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Figure 3-4: U.S. Energy Consumption (Quadrillion Btu) 
Note: Expressed as gross calorific values. 
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Figure 3-6: Annual Deviations from Normal Heating Degree Days for the United States (1950-2010) 
Note: Climatological normal data are highlighted.

 Statistical confidence interval for "normal" climatology period of 1971 through 2000. 
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Figure 3-7: Annual Deviations from Normal Cooling Degree Days for the United States (1950-2010) 
Note: Climatological normal data are highlighted. 

Statistical confidence interval for "normal" climatology period of 1971 through 2000. 
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Figure 3-8: Nuclear, Hydroelectric, and Wind Power Plant Capacity Factors in the United States (1990-2010) 
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Figure 3-9: Electric Generation Retail Sales by End-Use Sector 
Note: The transportation end-use sector consumes minor quanties of electricity. 



  
 

 

  

 

110 

100 
Total Industrial 

90 Index 
80 

Total excluding Computers, 
70 Communications Equipment, and 
60 Semiconductors 

50 

120 Paper 
110 
100 
90 

Foods 80 
70 

110 

100 
Stone, Clay & Glass 90 

Products 
80 

Chemicals 70 

60 

110 Primary 
Metals 

100 

90 

80 Petroleum 
70 Refineries 

60 

Figure 3-10: Industrial Production Indexes (Index 2007=100) 
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Figure 3-11: Sales-Weighted Fuel Economy of New Passenger Cars and Light-Duty Trucks, 1990-2010
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Figure 3-13: Mobile Source CH4 and N2O Emissions 
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Figure 3-12: Sales of New Passenger Cars and Light-Duty Trucks, 1990-2010 
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Figure 3-14: U.S. Energy Consumption and Energy-Related CO2 Emissions Per Capita and Per Dollar GDP 
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Executive Summary 

 
Soil carbon accounts for 50-75% of all forest carbon in temperate and boreal regions, so small 
changes in soil carbon can have significant influence on total ecosystem carbon storage.  The 
Climate Action Reserve has heretofore assumed no major effects of management activities on 
soil carbon stocks if management activities do not include mechanical site disturbance of more 
than 25% or disturbance on contours.  This white paper shows that forest management activities 
have the potential to significantly increase or decrease soil carbon, although direct quantitative 
monitoring remains elusive. The following bullets summarize key results:   
 

 There is a high amount of uncertainty regarding soil carbon dynamics in response to 
forest management since the results greatly depend on the dominant tree species, harvest 
type, soil type, site preparation techniques, time after disturbance, and multiple other 
factors.  In many cases, the uncertainty associated with the effects of particular 
management techniques is large, and different studies offer conflicting information.  This 
is largely due to the very heterogeneous spatial and temporal dynamics of soil carbon, 
and due to the fact that our understanding of belowground carbon processes is 
significantly weaker than our understanding of aboveground processes. 
 

 Changes in site fertility, which result from different management techniques such as 
thinning or competing vegetation control, have the potential to increase soil carbon 
anywhere between 20-40%, especially on poor soils.  This is due to increases in plant 
productivity, and, consequently, belowground carbon transport, as well as decreases in 
decomposition of recalcitrant soil carbon.  This result may be offset by a stimulation of 
decomposition of labile carbon in the soil, as is the case in soils with high fertility/high 
amounts of labile carbon, but overall the effect is an increase in carbon stocks.  These 
results depend on leaving the plant residues onsite, as removal of this biomass results in 
changes to the soil microclimate and stimulates soil organic matter decomposition.  
Studies indicate that leaving residues on-site has an overall positive effect on soil carbon 
stocks in conifer-dominated ecosystems, and results in carbon losses in broadleaf 
ecosystems, due to the relatively high contents of labile carbon in broadleaf versus 
conifer residues.  Additionally, presence of nitrogen fixing shrubs promotes significant 
(20 % or more) gains in soil carbon, and should be encouraged. 
 

 High disturbance site preparation activities, such as plowing, deep ripping, etc. will have 
significant negative effects on soil carbon, with potential losses as high as 30%, and 
should be avoided.  Minimizing such disturbance, both in area and intensity, will ensure 
reduced losses of soil carbon.  Recognizing this point, the guidelines within the new 
CDM Afforestation/Reforestation protocol stipulate a 10% area disturbance threshold for 
such activities. 
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 The type of tree harvest plays a significant role in soil carbon dynamics.  Almost 
universally, whole tree harvests reduce soil carbon amount, by as much as 20%, while 
sawlog (bole only) harvests that leave residues such as bark, branches, etc. on site result 
in no significant losses, or in some cases gains in soil carbon of as much as 40%.  
Projects that include whole-tree harvesting will result in soil carbon losses that are 
significant compared to the total net carbon sequestered by a forest project. 

 
 Rotation length is an important determinant of soil carbon gains/losses in the vast 

majority of examined systems, and appears to be a more important factor than harvest 
intensity.  Available research shows that soil carbon lost during harvest activities is 
recovered in some systems within 50 years, but the interval is longer for more northern, 
less productive systems, and can be more than 100 years in some cases.  This effect is 
dependent on soil type, with some soils experiencing greater losses than others. Since 
initial losses from harvest activities can be as high as 20% of ecosystem carbon, an 
interharvest period of adequate length is critical for ensuring that such losses are 
replenished.   

 
 Thinning is an allowed management technique under the current Forest Protocol.  

Available evidence suggests that thinning results in changes to the soil microclimate, 
stimulating soil organic matter decomposition, and in some cases results in losses of 
inputs due to removal of biomass from the site.  These effects are mitigated through 
increased tree productivity in the medium term (10 years), so ensuring appropriately long 
intervals between thinning treatments, and ensuring that biomass residues are left onsite 
is critical in order to minimize soil carbon losses. 

 
 Soil carbon monitoring techniques are either imprecise or very expensive and time 

consuming.  In order to assess the potential of soil carbon losses due to different 
management techniques, the Climate Action Reserve could consider adopting one of 
several models for estimating soil carbon dynamics, and modifying it based on most 
recent scientific literature.  This will allow evaluation of proposed projects for potential 
soil carbon losses, as well as estimate the magnitude of such losses or gains. 
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L ist of Important Terms 

 

Soil Horizons: The soil profile is divided by depth into several horizons. Below the forest floor, 

which consists of decomposing debris, lies the A horizon, or the surface horizon. Below the A 

horizon, in most soils, lie the E, B, and C horizons, in that order with increasing depth.  The 

horizons are governed by different processes, including root dynamics, hydrology, and 

interaction between mineral and organic compounds.  Generally, with increasing depth, the 

proportions of labile carbon decrease, and the proportions of recalcitrant carbon increase, 

although both fractions exist in all horizons. 

Labile Carbon: Easily decomposable soil organic matter, including sugars and other light 

organic compounds. Commonly includes microbial biomass. 

Recalcitrant carbon: Organic compounds that are more resistant to decomposition by microbes, 

primarily due to their complex chemical structure and a high C/N ratio.  Characterized by long 

residence times in the soil.  

Root Exudates: One of the primary modes of input of labile organic carbon into the soil.  These 

are simple organic compounds that fine roots release into the surrounding soils, that tend to 

stimulate soil microbial activity, and release nutrients from soil organic matter. 

Soil F ractions: Soil organic matter is not uniform, and is commonly broken up into multiple 

fractions, such as labile, and recalcitrant carbon, and sometimes includes medium-term carbon. 

Carbon Deposition: Carbon deposition, in this context, refers to different processes that transfer 

carbon belowground, such as litterfall, microbial breakdown of organic matter, and root 

exudation.   

Decomposition: Breakdown of organic compounds by soil microbes.  Primarily dependent on 

temperature and moisture availability, as well as nitrogen availability.  This is the primary 

mechanism of carbon loss from soils. 

Dissolved organic carbon: Complex carbon compounds that are sometimes considered part of 

soil organic matter, but are easily transferred by water from surface to subsurface horizons, 

primarily responsible for transfer of organic compounds to the B horizon. 

 



 

Climate Action Reserve White Paper |  6 
 

1. Introduction 

The Climate Action Reserve (the Reserve) requested this white paper on soil carbon to 

better understand the effects of different forest management activities on soil carbon stocks.  The 

current Reserve Forest Protocol does not require soil carbon accounting unless site preparation 

activities include physical disturbance, such as contour modifications, or plowing, furrowing, or 

deep ripping on more than 25% of the surface.  In general, soil carbon accounting is difficult for 

reasons outlined below, and the results of management activities on soil carbon are uncertain, so 

the existing protocol tends to neglect changes to soil carbon.  One recent development in this 

area has been recognition of soil carbon importance within the Clean Development Mechanism 

of the Kyoto Protocol (CDM) Afforestation/Reforestation guidelines.  These guidelines specify 

that, in order to ensure soil carbon stability, physical disturbance should not exceed 10% of the 

project area, woody debris from harvesting should be left on-site, and removal of existing 

vegetation as part of site preparation shall not constitute more than 10% of the project area, with 

some caveats for traditional managementi.    

Although the available knowledge base on effects of forest management on soil carbon 

stocks is significantly smaller than that of impacts of forest management on aboveground stocks, 

current Reserve Forest Protocol assumptions assume greater stability of soil carbon stocks than 

available data show.  Therefore, there may be grounds for evaluating the effects of forest 

management activities on soil carbon stocks, and modifying project guidelines to exclude 

practices that result in significant, lasting losses of soil carbon.   

The effects of different Forest Protocol project types on soil carbon will be varied and 

different potential sources of soil carbon loss will be important for each; the analysis in this 

document addresses effects of each project type.  Current guidelines for Reforestation scenarios 

include standards on site preparation, rotation length, and harvest regimes.  Sections 3, 4, and 5 

of this document describe some potentially important effects of these factors on soil carbon 

dynamics, and show that some management techniques have significant potential for soil carbon 

reductions.  Improved Forest Management projects specifically allow for actions such as 

competing vegetation control (brush removal), stand thinning, and increasing rotation lengths.  

These practices can, likewise, have a significant effect on soil carbon dynamics, and are 

highlighted in sections 3 and 4 of this document.  Likewise, since Avoided Conversion projects 
                                                 
i http://cdm.unfccc.int/methodologies/ARmethodologies/tools/ar-am-tool-06-v1.pdf 

http://cdm.unfccc.int/methodologies/ARmethodologies/tools/ar-am-tool-06-v1.pdf
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allow tree planting and harvesting, and therefore site preparation activities, some important 

considerations for soil carbon are examined in subsequent sections. 

The effects of forest management on soil carbon dynamics are varied both in terms of 

magnitude of impact and the timing of impact.  As discussed below, although some practices 

result in significant changes in soil carbon, these changes may be mitigated over time, and their 

significance reduced, barring any further disturbance over time.  This highlights the fact that it is 

critically important to consider time between disturbances to obtain an accurate picture of soil 

carbon dynamics, since multiple processes in an intact ecosystem affect soil carbon storage, and 

with time will mitigate effects of disturbance.  The effects of time are not uniform in every 

instance because rates of input vary between different ecosystems and soil carbon exists in 

multiple forms. Some forms of soil carbon are more sensitive to both disturbance and recent 

inputs (labile carbon), while others take a much longer time to replenish (recalcitrant carbon).  

We discuss some of these details in the subsections below, and they are important to keep in 

mind throughout the discussion. 

 

A . Basic Factors A ffecting Soil Carbon Dynamics 

Globally, soils constitute the largest terrestrial carbon pool, containing as much as 2,344 

gigatons of carbon (Gt C) to the depth of 3 meters (Jobbagy et al., 2000). This is more than three 

times the total carbon found in all forest biomass. Forest soils in particular contain more than 

double the amount of carbon found in forest biomass (Solomon et al., 2007). However, current 

scientific understanding of soil carbon dynamics is considerably weaker than that of biomass 

carbon dynamics, primarily due to the difficulty of investigation. This contributes to large 

uncertainty in soil carbon sequestration potentials, leaving policy-makers unsure how to include 

soil carbon in climate policy and reluctant to include soil carbon sequestration as an acceptable 

offset.  For example, it is unlikely that soil carbon sequestration will be included in provisions 

for Reduced Emissions from Deforestation and Degradation in the pending international climate 

agreement due to methodological complexity and a lack of baseline data (Pagiola et al., 2009). 

Soil carbon exists in several distinct pools, called fractions, with the shortest-lived carbon 

(<1 year old) represented by microbial biomass and labile root exudates, which are easily 

decomposable simple organic compounds released by roots into soil. Medium-term carbon, 

several years to decades old, is represented by more complex organic materials. Ancient carbon, 
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hundreds to thousands of years old, is represented by humins and humic acids, among other 

materials.  These pools are distinct from forest floor carbon, which consists of organic material 

on the soil surface and is not typically included in the accepted conception of soil carbon. 

The impact of forest carbon project activities on soil carbon relates specifically to how 

management activities influence the net balance of carbon inputs and losses.  To begin this 

analysis, understanding the processes by which carbon enters and exits the soil carbon pool is 

critical.  There are two main processes by which carbon enters the soil pool, and one primary 

process for soil carbon loss. Carbon can either enter the soil through litterfall (decomposing 

woody and leafy material); a result of natural deposition or management activities where it is 

incorporated directly into mineral soil horizons or indirectly by way of surface organic matter, or 

it can enter the soil pool through rhizosphere processes, which include fine root death and root 

exudationii. Carbon is lost through microbial decomposition, which is largely dependent on 

temperature, moisture, and substrate availability (Gershenson et al., 2009).  

A complex set of factors can affect soil carbon dynamics within forest management 

activities (Figure 1), which is why gaining the level of certainty required for Reserve

Protocol is difficult. Forest management affects carbon gains and losses by changing the level of 

inputs to the soil carbon pool.  This can include decisions to leave or remove organic material 

on-site after harvest and thinning (both of which also change N dynamics) as well as increasing 

rates of deposition through increased productivity and varying harvesting regimes.  Likewise, 

forest management can affect soil carbon dynamics by changing rates of microbial 

decomposition, changing environmental conditions such as temperature and moisture, and 

changing the quality of litter inputs (more labile versus more recalcitrant inputs).  Another 

important factor in decomposition of carbon in the context of forest management is the 

stabilization of charcoal carbon, which is a common input in managed forests following harvest.  

Charcoal is created through the incomplete combustion of organic material, which is resistant to 

microbial decomposition. If charcoal is incorporated into soils, it can serve as an important long-

term soil carbon pool, as well as increase overall soil quality (Lehmann, 2007, Kuzyakov et al., 

2009).  In addition, site preparation activities frequently include burning of slash and other debris left 

over from harvest, and these inputs can have a potentially significant influence on stability of soil 

                                                 
ii Root exudation is a process of releasing labile carbon from living fine roots, which results in carbon inputs to the 
soils and stimulation of soil microbial decomposition, called priming. 
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organic matter.  Another issue is that soil carbon is sensitive to soil type, as higher clay content 

increases amounts of carbon adsorbed to soil surfaces, and soil structural characteristics, such as 

soil aggregation, which provides physical protection from decomposition for soil organic matter. 

And finally, fertilization has been shown to affect soil carbon stocks, increasing them by as much 

as 25% (Heath et al., 2003). Combined, these activities can affect soil carbon in multiple, 

interrelated, and competing ways, and given that the state of scientific knowledge on the topic is 

far from complete, clear, generalizable conclusions on the effects of any single activity are often 

not available. In this white paper we have attempted to summarize and draw conclusions on this 

highly complex topic.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F igure 1. Basic Forest Soil Carbon Cycle: 

Thin arrows indicate flows of carbon, thick arrows indicate main regulating factors, and different 

shapes indicate different carbon pools. 

 

B . Soil carbon sequestration issues in forests: Projections for overall sequestration potential 

 

Multiple studies have projected significant sequestration potential in U.S. forest soils, 

with estimates for temperate forests as high as 4.8 t CO2e/acre/year (Houghton et al., 2001).  
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Overall, based on the productive area of U.S. temperate forests of 504 million acres, the total 

sequestration potential for forests overall has been estimated at 176.2 to 681.9 Mt CO2e /year, 

with an average of 388.7 Mt CO2e /year (Heath et al., 2003).  Woodbury et al. (2007) arrived at 

slightly higher estimates by including forest products, and estimated that between 1990 and 2005 

U.S. forests and the wood products sector sequestered an average of 594.54 Mt CO2e /year. 

Although soil carbon stocks accounted for 48% of all forest carbon, they contributed only 2% of 

overall sequestration, so the vast majority of sequestration potential is due to increases in 

biomass carbon.  This suggests that overall the soil carbon pool is relatively stable, although the 

apparent lack of change could be an additive result of some losses and some gains across the 

U.S.  Additionally, studies from artificially CO2-enriched forests show that there is no real 

potential of soil carbon sequestration due to increases in CO2 because higher inputs will be offset 

by faster throughput of carbon in the soil system (Lichter et al., 2005).  Future potential depends 

on several factors, such as projected changes in precipitation and temperature changes, as well as 

fire frequency, species type, and management regimes. Thus, while, soil carbon sequestration is a 

small percent of overall forest carbon sequestration, it is still a sizable amount of carbon, and 

many variables can cause gains or losses in different system. The influence of these factors will 

be described in further detail in subsequent sections. 

 

C . Uncertainty in Soil Carbon Science  

The problem for accurate projections of changes in soil organic matter lies in the fact that 

our current understanding of soil organic matter dynamics is incomplete, and the exact influence 

of any given factor on soil organic carbon dynamics is poorly understood.  Additionally, 

oftentimes exact recommendations are impossible due to the extreme spatial variability of soil 

carbon, both on micro and macro scales.  Soil carbon amounts and types (labile versus 

recalcitrant) vary both horizontally and vertically throughout the soil profile, and can often be 

very different within a very small (sub-hectare) area.  On macro scales (hundreds of miles) soil 

carbon is even more variable, as different microclimate, hydrological, and soil mineral 

conditions will result in widely variable soil carbon dynamics.  Because soil carbon dynamics are 

influenced by multiple factors, and these factors affect soil carbon differently under different 

conditions, making unequivocal predictions is difficult if not impossible.   
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A few examples will serve to demonstrate the inherent complexity in soil carbon science. 

For instance, although greater productivity aboveground almost always translates into higher soil 

carbon inputs, such input of fresh labile (easily decomposable) carbon has the potential of 

stimulating decomposition of older, recalcitrant (difficult to decompose) soil carbon (Cheng et 

al., 2003, Fontaine et al., 2007), thereby decreasing overall soil carbon stocks.  In another 

example of the interrelatedness of factors affecting soil carbon, the overall trend in global soil 

carbon respiration rates has been an increase in respiration with increasing temperature; 

however, it is unclear if that trend is offset by higher inputs from higher productivity (Bond-

Lamberty et al., 2010).  Although generally carbon is likely to be sequestered in lands converted 

from agriculture to forests and in existing forests in temperate zones (Post et al., 2000), such as 

U.S. northeastern forests (Goulden et al., 1996), quantification of soil carbon dynamics remain 

problematic.  In some cases, variations in the composition of tundra plant communities has 

affected the amounts of carbon sequestered, and even contributed to overall carbon losses from 

such ecosystems (Kwon et al., 2006), and such changes are expected to affect northern forests in 

general, as currently dominant plant species are negatively affected by changes in disease 

dynamics, precipitation, and temperature.  Certain ecosystems can be highly problematic: in 

cases of high-elevation seasonally dry forests, net ecosystem carbon uptake is highly variable, 

and depends largely on precipitation amounts and timing (Monson et al., 2002).  Some 

complexities may trump all other factors: a recent model of global forest carbon dynamics has 

shown that global forests have the potential to become overall carbon sources after the year 

2050, largely due to increases in soil respiration, as well as increases in fires due to drought (Cox 

et al., 2000).  These effects could be a result of increased soil organic matter carbon fluxes, 

which have been suggested to result from the interaction of elevated CO2 concentrations and 

elevated temperature (Butnor et al., 2003, Tingey et al., 2006).  It is likely that increased soil 

fluxes from high latitude ecosystems will reduce soil carbon gains from sequestration through 

increased respiration rates (Luo et al., 1996, Norby et al., 2002, Bernhardt et al., 2006).   

These studies illustrate the significant uncertainty associated with long-term projections 

of soil carbon stability; even if some current management practices may have no effect, or a 

positive effect on soil carbon, climate change may negate these effects or change rates of carbon 

inputs or outputs in certain systems.  However, overall, current research suggests that one of the 

most critical components to successful soil carbon retention in forests is proper management, 
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which reduces some types of disturbance, while actively encouraging processes that protect soil 

organic carbon from decomposition through both chemical and physical means.  We will discuss 

these techniques in sections 2-4. 

 

D . E ffect of site-specific factors, such as soil fertility and precipitation regimes on soil carbon 

 

Availability of key factors, such as nutrients and water, as well as other site-specific 

factors such as forest species composition, litter layer characteristics, and temperature regimes all 

have the potential to affect soil carbon dynamics.  Although these factors may seem outside the 

management regime, their effect on the variability and uncertainty of soil carbon gains and losses 

is such that they cannot be ignored.  Since turnover time for soil carbon is largely determined by 

the rate of microbial decomposition, we must understand the effects of the above-mentioned 

factors on microbial dynamics.   

One important factor, often overlooked when looking strictly at forest management 

practices, is changes in soil fertility. Most forests in the United States receive additional N inputs 

from fossil-fuel burning, even though the rates of N deposition are not the same in all forests and 

are a much more significant concern in Eastern forests.  Although the Reserve Forest Protocol 

does not allow direct broadcast fertilization, experiments simulating N deposition allow us a 

better understanding of the effects of increased N deposition on soil carbon dynamics, which 

may interact with other changes caused by management practices. 

The magnitude and lack of uniformity in effects makes N deposition an important 

concern.  A study in an oak-dominated forest and a sugar maple system has found that, while N 

fertilization resulted in a 10% gain in soil carbon in an oak-dominated forest with low litter 

accumulation levels, it resulted in a 20% loss of soil carbon in the sugar maple system with high 

litter accumulation levels (Waldrop et al., 2004).  This can partly be explained by findings that 

show that N availability enhances decomposition of labile carbon pools, while simultaneously 

stabilizing more recalcitrant soil carbon (Neff et al., 2002).  Since atmospheric N deposition is 

projected to increase following increased rates of fossil fuel burning, and some forest practices 

result in increased N availability (aside from direct broadcast fertilization, which is not allowed 

under Reserve protocols), the understanding of the interactions between site-specific conditions 

and N deposition levels is critical for assessments of potential soil carbon gains and losses.  
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Specifically, the location of a particular project can influence the potential of different 

management practices to affect soil carbon (i.e. a project in a heavy nitrogen deposition area that 

is dominated by forests with a high organic matter content and litter accumulation will have 

substantial (up to 20%) loss of soil carbon, and therefore up to a 10% loss of total forest carbon).       

Another major factor that is projected to change with changing global climatic conditions 

is the overall amount and the timing of precipitation in different parts of the U.S.  Climatic 

changes are not projected to be uniform; some areas will have major precipitation changes, while 

others will not, and temperature is projected to change differently in different areas.  For 

instance, in the Sierra Nevada precipitation amount and timing is projected to change drastically, 

which will affect soil carbon, while coastal California is not projected to experience major 

changes (Snyder et al., 2002) . Unfortunately, regional climate models are in their infancy, so we 

 

As a result of a changing climate, soil microclimate will also change variably in different 

areas of the United States.  Aside from affecting overall forest productivity and fire regimes, soil 

moisture also regulates belowground processes, including fine root growth (Gershenson et al., In 

Revision) and microbial dynamics (Curiel Yuste et al., 2007).  In the broadest terms, higher soil 

moisture results in higher levels of microbial activity, which in turn results in higher carbon 

losses from soils.  Although this relationship does not always hold, for instance in the case of 

drying waterlogged soils, decomposition is actually expected to increase (Davidson et al., 2006).  

In general we can expect that areas that will face a decrease in precipitation will experience a 

reduction in soil respiration and vice-versa.  Depending on the soil type, then, different 

management strategies will result in higher soil carbon retention.  The difficulty in projecting the 

effects of changing precipitation and temperature lies in the inherent heterogeneity of current 

conditions, uncertainty regarding future changes, and uncertainty in the effects of these changes 

on different soils and different soil carbon stocks.  Since soils and soil carbon are incredibly 

heterogeneous spatially on small and large scales, and carbon content and properties vary by 

depth, the responses to changes in climatic conditions will vary tremendously, and these 

variations are very poorly understood.  It is one of the main challenges in examining soil carbon 

dynamics, and is an issue regardless of topic within soil carbon discussions.  This problem will 

make it difficult to propose concrete universal solutions, since the direction and magnitude of 
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effects are often unclear, or have only been described in a limited number of ecosystem or soil 

types. 

These two issues highlight the complexity in determining changes in soil carbon stocks 

due to management practices. If factors outside the management regime can have a drastic effect 

on soil carbon stocks, it may be difficult to attribute sequestration or losses to any specific 

activity, and actual storage of carbon in soil may be very different that what is expected. 

 

2. E ffects of Pre-Harvest Management T echniques on Soil Carbon 

 

Overall, the single most important forest management technique for increasing soil 

carbon content is conversion of pastureland to forests, or reforestation (Lal, 2004).  However, the 

soil carbon gains in the case of reforestation depend on multiple factors, including previous land 

use, and dominant species type (Paul et al., 2002).  Additionally, the full benefits of reforestation 

do not become apparent until 20-30 years after planting, since soil carbon declines initially, the 

increase does not begin until several decades after planting, and the duration is dependent on tree 

species and soil type (Nave et al., 2010).  The amount of soil carbon gained during stand 

establishment and development depends, in large part, on the management of the stand between 

planting and harvest, as well as on climatic variables and species composition.  We will discuss 

some evidence from studies that show effects of common forest management practices with 

regards to the effects on soil carbon. 

 

A . F ertilization and Competing Vegetation Control  

Fertilization of forest stands can either be a result of active management, enhanced 

atmospheric deposition due to fossil fuel burning, or the presence of nitrogen fixing plants. 

Although broadcast fertilization is not allowed under the current Reserve Forest Protocol, control 

of brush vegetation, as well as other management practices, can result in a release of nutrients to 

the soil, which has a similar effect to N fertilization. Generally any input of fresh litter will 

increase nitrogen inputs. Studies that utilize artificial fertilization as a treatment are important 

because they investigate the mechanism of management effects on soil carbon. The section 

reviews relevant studies and concludes with a summary of key information for Forest Protocol 

development.   
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Generally, increased nitrogen inputs almost universally result in increased plant primary 

production, due to the critical role that nitrogen plays in photosynthesis, and therefore results in 

increased carbon uptake by biomass.  In terms of soil carbon, the relationship is less clear. This is 

due to competing effects of increased C deposition as a result of increased production on the one 

hand, and changes in the rates of microbial decomposition on the other, since nitrogen 

availability can often enhance soil carbon decomposition.  Some evidence from laboratory 

incubations suggests that with additional N fertilization in Ponderosa pine we observe a 

significant increase in soil carbon (Haile-Mariam et al., 2000), and N additions appear to 

stabilize overall soil carbon, and reduce decomposition (Swanston et al., 2004).  One of the main 

determinants of whether N additions will make a significant difference is initial N content, with 

N poor sites showing the greatest benefit of additional fertilization in regards to soil carbon 

additions (McCarthy et al., 2010).  As a rule, increased fertilization increases soil carbon content, 

by an average of 20% in all horizons, and on average 40% in the A horizon (the layer of soil just 

underneath the layer of organic litter on the surface), as evidenced from a meta-analysis of 

multiple studies in multiple biomes (Johnson et al., 2001).  This can be roughly translated to a 

10-15% overall gain in whole ecosystem carbon, depending on the ecosystem type.  

Additionally, the presence of natural nitrogen fixing plants also enhances soil carbon stocks as 

much, if not more than fertilization, although the differences between the two are not statistically 

significant (Johnson et al., 2001).  However, with increasing changes in CO2 concentrations and 

temperature, projecting the effect of N fertilization on soil carbon stocks is difficult and 

uncertain, since the relationships between increased N deposition and soil carbon dynamics 

under that scenario is unclear (Hyvönen et al., 2007).   

Although the exact relationship between fertilization and belowground carbon content is 

variable, control of competing vegetation on soil carbon must be considered. As one of the 

allowed practices under Section 2.1.2 of the Forest Protocol, and a generally common practice in 

young stands that is aimed at reducing competition with the commercial stock, competing 

vegetation control has the potential of significantly affecting soil carbon stocks. Such practices 

are commonly done through mechanical means or by the use of herbicides, with vegetation 

commonly left in place. In a single-species stand with controlled competing vegetation, the 

general trends point to an increase in soil carbon content with fertilization; however, if the 

competing vegetation consists of nitrogen-fixing shrubs, such as Ceanothus shrubs common in 
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Sierra Nevada plantations, the presence of such shrubs results in an increase in soil carbon that is 

equal or greater to fertilization (Johnson et al., 2001).  

Several studies give further information on the relationship between vegetation control 

and soil carbon. The exact nature of the fertilization versus competing vegetation removal was 

evaluated by McFarlane et al. (2009) in the Sierra Nevada forest plantations, and they have 

found that, although all sites responded positively to fertilization, with increases in forest floor 

and soil carbon of almost 50%, competing vegetation control only statistically significantly 

increased soil carbon in low fertility sites by 20%, indicating that competing vegetation may not 

be a factor in soil carbon dynamics in sites with average fertility.  One important caveat to this 

research is that, in order to ensure that forest floor carbon is incorporated into the soil carbon 

pool; disturbance such as fire must be minimized. This suggests that, although in some cases 

competing vegetation control serves a dual purpose of reducing competition for the main tree 

species and fertilization of soil, these effects are only apparent in low fertility soils. A similar 

study in forest plantations of the southeastern United States showed slightly different results, 

with fertilization having no effect on soil carbon storage and understory elimination significantly 

decreasing (as much as 40% in the B horizon) overall carbon storage (Shan et al., 2001).  The 

key mechanisms for these effects are the overall reduction in fine root production due to 

understory elimination, and an increase in decomposition and production in fertilized plots.  The 

authors note that overall, understory elimination increased total biomass and total soil carbon 

(forest floor and mineral soil carbon) storage combined by 4%, and fertilization increased total 

carbon storage by 6%, but the results were largely due to increases in biomass and forest floor 

carbon, with a reduction in mineral soil carbon storage. Once again, barring major disturbance, 

there is a possibility of incorporating the increased forest floor carbon into soil pools.  These 

results may be explained by the difference in effects that N additions have on different soil 

carbon pools. Neff et al.(2002) found that, although long term N fertilization did not have a 

significant effect on total soil carbon in an alpine environment, such treatment inhibited the 

decomposition of older, more recalcitrant carbon, and enhanced the decomposition of 

intermediate-age and labile carbon fractions.  Finally, a study from recently harvested Douglas 

Fir sites showed that, following herbicide-based competing vegetation control measures, 

microbial soil respiration increased, bulk soil respiration decreased, and overall soil carbon 



 

Climate Action Reserve White Paper |  17 
 

content did not change (Slesak et al., 2010), which points to an effect similar to fertilization in 

cases of competing vegetation control.   

Combining these results indicates that sites that receive large amounts of high quality 

litter, either from increases in productivity following fertilization or increases in litter inputs 

from controlling competing vegetation, will experience a net reduction in labile carbon stocks 

due to increased decomposition, which may be offset by a stabilization of older carbon and, in 

the case of low productivity sites, by greatly increased biomass production. This effect is largely 

governed by the initial conditions in soils, as low fertility, and low labile carbon soils have 

greater potential for soil carbon gain, whereas high fertility and high labile carbon soils can lose 

overall soil carbon due to increased decomposition of labile carbon stocks.  Since the potential 

for gains (as much as 20% of soil carbon, and therefore 10-15% of total ecosystem carbon in low 

fertility sites, Sierra Nevada) or losses (30-40% of soil carbon, 15-25% of total ecosystem carbon 

in high soil organic matter sites, Georgia) in soil carbon are significant, practices such as 

competing vegetation control must be carefully evaluated for their effect on soil carbon.  The 

difficulty lies in a general lack of multiple studies that test these effects, and in the wide variation 

of these effects depending on initial site conditions, as well as major ecosystem types.   

Overall, practices that contribute fresh litter, and therefore increase nitrogen input, in 

high organic matter soils will likely significantly decrease soil carbon stocks, while increasing 

them in sites with organic matter poor soils.  Additionally, presence of nitrogen fixing shrubs can 

have a large effect on soil carbon, with a majority of studies showing a significant (20-40% of 

soil carbon, 15-25% in total ecosystem carbon) increase, and some studies showing a 10-20% 

decrease in soil carbon stocks, which is, once again, attributed to a stimulation of microbial 

decomposition in sites with high initial soil carbon (Johnson et al., 2001). 

 

B . Mechanical thinning  

Another forest management technique with potential to influence soil carbon dynamics is 

removal of diseased or suppressed trees.  The effects of thinning will depend on the intensity and 

frequency of treatments, which are generally aimed at maximizing aboveground forest health and 

growth.  Thinning practices are generally aimed at biomass management but may not be ideal for 

soil carbon management.   
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Thinning changes the microclimate, increasing light penetration and, therefore, 

temperature, which stimulates microbial activity.  Additionally, thinning will reduce the amount 

of plant carbon entering the soil carbon cycle through reduced litterfall and rhizodeposition.  In a 

recent review of multiple studies, Jandl et al. (2007) found that thinning negatively affects forest 

floor carbon pools, as well as mineral soil carbon, although the latter depended on the level of 

disturbance and on the method of incorporation of residues from thinning.   

There is considerable uncertainty associated with this general conclusion, as the amount 

of available data is minimal.  Therefore, these results may not be strong enough to warrant 

general conclusions, and contradictory cases may exist.  For instance, studies from the south 

eastern US actually report potentially significant increases in soil carbon 14 years following 

thinning (Selig et al., 2008).  Some researchers have found that, although there is a negative 

effect on the forest floor carbon pool, there is no significant decrease in mineral soil carbon in 

the short term, suggesting that effects of thinning on mineral soil carbon may take several 

rotations to manifest, due to a continual reduction of litter input (Skovsgaard et al., 2006).  A 

study on thinning in a Ponderosa pine stand has found that, although soil respiration did not 

significantly change 3 and 16 years after thinning treatments, overall fine root biomass was 

lower even after 16 years, and overall soil carbon went from being a slight sink of carbon to 

being a significant source (200 g C/m2/y) with thinning (Campbell et al., 2009).   

These data are conflicting, largely due to significant differences in the intensity of 

treatments as well as other experimental factors.  Since available data are sparse we rely on the 

overall understanding of effects of reduction of aboveground biomass on soil carbon in order to 

understand implications for forest carbon projects.  Any reduction in aboveground biomass, 

especially if it coincides with removal of slash, will create conditions that are favorable to 

increases in soil respiration, and consequently losses of soil carbon.  These include increases in 

temperature, reductions in moisture, and increased inputs of fresh labile carbon from root 

decomposition.  Potential losses are as high as 185 tCO2e/acre, which are not offset by gains in 

other forest carbon pools (Hager, 1988 in Jandl et al., 2007).  In the medium term (1-5 years) 

these effects will be reversed by the increased growth of remaining trees due to reduced 

competition from removed biomass.  The soil carbon losses will be compensated by higher 

carbon deposition rates from increased aboveground productivity.  However, if thinning 

practices are frequent, soil carbon losses will not be compensated in the interim periods.   
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Overall, the available data and scientific understanding suggest that if thinning is a part of 

the management regime, it should be done infrequently, with maximum amount of residue left 

on-site, which would serve to reduce the negative microclimate effects (higher temperature and 

lower moisture) on soil respiration. This would also enable some transfer of forest floor carbon 

into the mineral soil carbon pool.   

 

C . Conclusions 

 

Pre-harvest management has potential of affecting soil carbon stocks, and these effects 

are largely determined by soil attributes. 

 Activities that contribute fresh litter to the forest floor, such as control of competing 

vegetation, will result in significant gains of up to 20% in soil carbon in initially poor fertility 

soils, but a 40-60% decrease in fertile, high carbon soils.  Fertile soils, such as the ones in the 

southeastern United States, can lose significant amounts of carbon due to competing 

vegetation control activities, and practices that contribute fresh litter inputs should be 

avoided in high fertility soils 

 

 Mechanical thinning changes the temperature and moisture conditions of the soil, stimulating 

microbial decomposition of soil organic matter and reducing soil carbon stocks.  Although 

there is considerable variation in reported results, both in geographical scope and in 

examined treatments, such activities have a short-term negative effect on soil carbon stocks.  

Increased productivity of remaining trees has the potential of replenishing soil carbon lost 

due to thinning within approximately 5 years in the examined system.  As long as such 

activities are infrequent, they will not have adverse long-term effects on soil carbon 

dynamics.  Additionally, if post-thinning debris is left on-site, then the changes to soil 

microclimate are minimized and soil organic matter decomposition dynamics are less 

affected.   
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3. E ffects of harvest management techniques on soil carbon: harvest 

techniques, rotation time, harvest retention levels and soil type  

 

Forest stand harvest has great potential to disturb soil carbon.  The studies available are 

widely varied, both in terms of ecosystems, harvest techniques, and chosen treatments.  In 

addition, the described effects vary greatly, although several major review articles have 

attempted to synthesize available information (Johnson et al., 2001, Jandl et al., 2007, Nave et 

al., 2010).  Because the synthesis papers vary in topic, they come to different conclusions in 

some cases, although there are some unifying themes.  In this section, we examine the major case 

studies, as well as the results gleaned from synthesis studies, in order to assess the major effects 

of different aspects of forest harvest on soil carbon. 

Depending on the method and intensity of harvest, different direct effects on soil carbon 

are possible, including physical soil disturbance through the impact of skid trails, exposing 

mineral soil, and mixing of the forest floor organic material with mineral soil (Yanai et al., 

2003).  Overall, physical disturbance to the soil surface can range from 39% to 99% of the 

surface area, depending on the intensity of harvest, the type of harvested material, and the 

species of trees harvested (Yanai et al., 2003).  As mentioned earlier, any physical disturbance to 

the soil is a problem for retaining soil carbon stocks, as it exposes protected soil carbon to rapid 

decomposition resulting from exposure to oxygen, breaking apart soil aggregates, and increasing 

soil temperature, all of which stimulate soil microbial activity.  Additionally, physical 

disturbance of soils on slopes has the potential for soil erosion, and thus further losses of carbon 

from the site. 

 

A . Harvesting T echniques 

Johnson and Curtis (2001) conducted a meta analysis of 73 studies of effects of different 

harvesting techniques on soil carbon and found that, overall, there was no significant effect of 

harvest on soil C dynamics (Figure 2, top open circle). This result is based on averaging the 

effects of reported studies and is not very useful for policy recommendations, as it includes 

widely different studies with different harvesting techniques and in different biomes.  However, 

when they analyzed the effects of different types of harvest in different types of forests, a more 

complex picture emerged with important, significant results.  Overall, the results of the majority 
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of studies showed that, after harvest, ecosystems can experience anywhere between 30% soil 

carbon loss and a 60% soil carbon gain, which roughly translates to a 15-20% ecosystem carbon 

loss to a 30-40% ecosystem carbon gain.  Most of these studies examined soil carbon dynamics 

within a few years after harvest; however, since treatments varied significantly between studies, 

it is difficult to draw more direct conclusions from this meta analysis, except to say that highly 

variable effects are possible.  When the results are separated by harvesting technique, it becomes 

evident that whole-tree harvesting (removal of bole, top, and branches from the site) has a 

significant negative effect on soil carbon, and sawlog harvesting (removal of bole only, while 

leaving branches on-site) results in an overall increase in soil carbon. 

  
F igure 2.  A cumulative result of a meta-study of 73 individual experiments examining 

the effects of forest harvesting on soil carbon, adapted from Johnson and Curtis, 2001 

 

The cases of whole-tree harvesting showed a decrease in overall soil carbon after harvest 

events (Figure 2, open square), while sawlog harvesting of conifers showed a significant increase 

(Figure 2, top solid circle), and sawlog harvesting of hardwood and mixed forests showed no 

significant changes in soil carbon (Figure 2, bottom filled circle; graph represents mean values 

and 99% confidence intervals, and the numbers in parentheses reflect number of studies used to 

obtain these results).  

The other major factor for net carbon uptake after harvest is the dominant tree species 

and their life history traits.  Hyvönen et al. (2007) report that 1 year after coppicing total 

photosynthetic uptake of the regrowing shoots of a Turkish oak counterbalances ecosystem 

respiration (which is dominated by soil respiration and therefore soil carbon losses), while a 
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clear-cut of Scots pine takes 20 years to regain its carbon sink status. This result implies that, 

depending on tree species, the amount of carbon available for belowground deposition differs 

drastically, and soil carbon may take a long time to recover from a disturbance depending on the 

overall ecosystem characteristics.  Although results will vary depending on the ecosystem and 

harvested species, harvest methods appear to play a major role in soil carbon retention.  There 

are some studies from different systems that illustrate the heterogeneity of these overall effects.  

A study in several sites in Sweden showed no discernible effect of types of harvest (whole tree 

versus sawlog) on soil carbon (Olsson et al., 1996), but a similar study found that there were 

short-term changes in soil carbon, although long term changes (15 years) were not detected 

(Johnson et al., 2002).  Data from boreal forests in Canada suggest that conventional harvesting 

techniques that result in removal of stems but not branches and needles from the harvest site 

result in loss of soil carbon compared to non-harvested sites, but a greater retention of soil 

carbon when compared to whole-tree harvested forests, although the relationship depends on site 

characteristics (Peng et al., 2002).   

Overall, trends point to the importance of retaining biomass at harvest sites and focusing 

on sawlog, or bole harvesting, as opposed to whole tree harvests.  The overall weight of evidence 

from the Johnson et al. (2001) review points to the importance of retaining residues on site; 

however, there are some studies that disagree with this conclusion.   

 

B . Harvest Intensity 

There are conflicting results on the effect of harvest intensity on soil carbon.  The 

spectrum of harvest intensity treatments in the literature is very broad, but in general most 

treatments compare clear-cutting treatments with some type of selective cutting, either based on 

the number of stems per hectare or based on the size of trees being removed. Overall, the effect 

of reducing harvest intensity from clear-cutting to partial cutting is a net increase in soil carbon 

(Heath et al., 2003), but the relationship is complicated, because there is a wide range of studies 

that oftentimes appear to disagree with each other.   

The following review of relevant literature elucidates the relationship between harvest 

intensity and soil carbon.  An evaluation of different intensities of harvest in Northern Wisconsin 

found that there was an increasing negative effect on soil carbon with increasing harvest 

intensity, and that surface soil carbon contents were significantly affected by removal of only the 
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largest trees, based on diameter at breast height (Strong, 1997).  However, a comparison of 

managed and unmanaged pine forests in Wyoming did not find a difference in soil carbon 

between the treatments, showing that harvest intensity had no effect on soil carbon (Chatterjee et 

al., 2009b).   

The most important factor for soil carbon content appears to be sampling time after 

harvest.  In some cases, soil carbon stocks can remain the same immediately after harvest, as 

found in a study from a Norway spruce forest in Finland (Finér et al., 2003).  Yet a review of 

multiple studies that examined temporal dynamics after harvest reports that initially, soil carbon 

declines almost universally regardless of harvest type, by as much as 40%.  However, within 40-

60 years, depending on the dominant tree species, there is a return to previous soil carbon levels, 

with higher productivity forests returning quicker than low-productivity northern forests and 

forests that are found on nutrient-poor soils (Yanai et al., 2003).  These results suggest that 

systems with rotation lengths of less than 50 years are likely to become net sources of carbon.  

In some cases, especially in colder climates with slower stand maturation times, soil 

carbon continues to decline after a clear-cut, probably because fresh inputs do not compensate 

for increased decomposition.  In these cases, stands will regain the original carbon in timescales 

of hundreds of years (Liski et al., 1998). The interesting part of this dynamic is that immediately 

after harvest soil carbon levels vary tremendously, and may in fact increase (which is commonly 

attributed to different post-harvest practices, further discussed in Section 4).  Some studies report 

that soil carbon amounts do not significantly change after a clear-cut (Davis et al., 2009); 

however, significant carbon losses are observed from soils during the establishment of new forest 

after a clear-cut, which is likely driven by both changes in microclimate and the enhanced 

decomposition of soil organic matter driven by primingiii (Diochon et al., 2009).   

Data from a recent meta-study helps explain the variation in trends observed in individual 

studies.  The meta-study used results from 186 data sets to identify factors that determine the 

response of soil organic matter to forest harvesting (Nave et al., 2010).  Three important 

conclusions can be gleaned from the Nave et al. study.  First, of all soil carbon pools, carbon 

losses are greatest in surface horizons, and effects decrease with increasing depth, as the 

percentage of more labile carbon decreases.  Second, they also found, like Johnson et al. (2001), 

                                                 
iii Soil organic matter priming effect is the enhancement of soil organic matter decomposition due to the effects that 
inputs of labile carbon have on soil microbes stimulated by inputs of post-harvest litter and new root growth of the 
developing forest stand 
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that conifer-dominated systems exhibit smaller losses in soil carbon, likely due to the slower 

decomposition dynamics and higher C/N ratios of conifer residues.  Third, and perhaps most 

critical, the most important factor determining potential soil carbon losses following harvest was 

soil type.  U.S. forests primarily grow on four soil orders: Inceptisols, Ultisols, Spodosols, and 

Alfisols (See Appendix 1 for maps), and those harvested on Inceptisols and Ultisols lost 13% and 

7% of soil carbon respectively (Figure 3), while soil carbon in the latter two was not significantly 

affected (Nave et al., 2010). This effect was independent of all other factors, such as harvest 

type, tree species type, etc., although other effects were also noted, such as apparent higher 

losses of soil carbon in broadleaf-dominated forests than coniferous forests, due largely to the 

more labile nature of broadleaf residues.  The authors also note that the losses observed in 

Inceptisols are important in the medium term, and that soil carbon amounts returned to pre-

harvest levels within 20 years.   

 

 
F igure 3. Changes in mineral soil carbon after harvest depending on dominant soil order, 

adapted from Nave et al. (2010). Changes where error bars cross over the 0% line are not 

statistically significantly different than 0, signifying no statistical difference but 

illustrating general trends. 

 

C . Rotation L ength 

Multiple studies suggest that rotation length, rather than harvest intensity, is the major 

factor driving the effects of harvesting practices on soil carbon. One of the earliest studies, 

conducted in the Hubbard Brook forest, suggests that different types of harvest had a similar 
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effect, and the length of the rotation determined whether the system overall lost soil carbon.  One 

critical drawback to this study was that it focused on forest floor carbon and fine root biomass, 

rather than soil carbon specifically (Aber et al., 1978).  Although these results are not directly 

applicable to soil carbon dynamics, since these two pools are the main contributors to soil 

carbon, a reduction in both of these pools will dictate a reduction in soil carbon.  In addition, this 

study does not project returns to pre-harvest levels in forest floor carbon and fine root biomass 

until 20-30 years after harvest.  Seely et al. (2002), whose conclusions concur with the above, 

analyzed the effect of rotation length on soil carbon in multiple tree species and found that in all 

cases longer rotation lengths had a positive effect on overall soil carbon, and that soil carbon 

accumulation was most likely expected in rotations over 50 years for aspen and pine, and over 

100 years for spruce, a species with much slower stand development.  They also found that 

intervals between rotations shorter than 50 years resulted in 10%-20% losses in soil carbon 

regardless of tree type.   

Other studies available in the literature help understand the finer complexities of the 

dynamic between rotation length and soil carbon. The effects of different stand ages of 

beechwood on the recalcitrant fraction of soil organic matter appear minimal (Hedde et al., 

2008), so some of these changes in soil organic matter due to frequent harvests could be due to a 

reduction in faster cycling (labile) carbon in soils.  In boreal systems, Peng et al. (2002) found 

that increasing rotation lengths significantly increased soil carbon pools by as much as 36-40% 

between 30 and 120 year rotations.  They note, however, that the effect is most pronounced for 

stem-only harvests, and that the effect of increasing rotation lengths is variable based on site 

conditions, such as site fertility, with less fertile sites responding better to longer rotation times.  

Nave et al. (2010) found an effect of rotation length, but they also found that soil type 

significantly affects the magnitude of this effect, with the average recovery time (return of soil 

carbon to pre-harvest levels) in Spodosols approaching 80 years, while data from the other soil 

orders is inconclusive due to lack of long-term studies.  In this study, soil carbon content varied 

in the first few years after harvest, and declined by anywhere between 20-80% for the next 

twenty in the Inceptisol, Alfisol, and Ultisol systems.  It is important to point out that if there are 

subsequent harvests carried out before soil carbon content is allowed to return to pre-harvest 

levels, further losses of soil carbon are likely, and the return to pre-initial harvest levels will 

require an even longer time.  Thus, shorter rotations can create a gradual decrease in soil carbon.  
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Below we present two theoretical illustrations of the effect of harvest time on soil organic matter 

(Figure 4).  The first graph represents harvest time intervals that create sustainable soil carbon 

pools, and the second represents soil carbon dynamics under harvest regimes that do not allow 

for complete recovery of soil carbon between harvests.  This time period depends on soil type, 

but is generally reported to be on the order of 50 years on average.  In general, in all cases it is 

important to ensure that soil carbon returns to pre-harvest levels before a new harvest takes 

place. 

 

 

 

 

 

 

 

F igure 4. Theoretical soil carbon dynamics following harvest.  Vertical red lines 

represent harvest events, x-axis represents time and y-axis represents soil carbon amount. 

 

D . Conclusions 

In general, trends on the effects of harvest management on soil carbon are difficult to 

discern, due to variation in responses across species, soil types, harvest types, and many other 

factors.  However, three key conclusions arise from this review: 

 

 Harvest activities have the potential to significantly change soil carbon stocks.  Depending on 

the type of harvest, tree species, and the soils on which the forest is located, soil carbon 

stocks can experience anywhere from 40-60% declines to 20% gains, which will roughly 

translate to 20-40% ecosystem carbon losses to 10% ecosystem carbon gains.  Soil carbon 

stocks are generally decreased by as much as 20% in cases of whole tree harvest, 

highlighting the importance of bole harvests for maintaining soil carbon stocks.  This effect 

is especially pronounced in forests on Inceptisols (primarily found in the Pacific northwest, 

parts of the northeast, along the Appalachian mountains, and in Hawaii) and Ultisols (the 



 

Climate Action Reserve White Paper |  27 
 

predominant soil order in the southeast and south, and the northern Sierra Nevada in 

California).  These are all regions with significant logging activity in the United States.   

 

 Longer rotation periods help regain carbon lost during harvest, as do practices that reduce 

organic matter exports from harvest sites, such as whole-tree harvests.  Available evidence 

suggests that rotation intervals that are less than 50 years may not be sufficient to replace soil 

carbon lost during prior harvests (which can be as much as 60% soil carbon, 30% ecosystem 

carbon for hardwood forests growing on Alfisols).  Longer intervals, of at least 50 years, are 

likely to result, in most ecosystems, in replenishing soil carbon lost during prior harvests.  

 

 Retaining non-bole biomass on site has multiple effects on soil carbon dynamics, from 

increasing the amount of potential forest floor carbon that can be incorporated into soil 

carbon later on to maintaining soil microclimate conducive to reduced decomposition.  With 

the exception of a few studies, evidence suggests that stem-only harvests are more likely to 

result in retaining, and in some cases even increasing soil carbon, when compared to whole-

tree harvests, although these results depend to a large extent on the fate of the residues left on 

site after harvest.  The effects of post-harvest site treatment will be discussed in section 4.  
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4. E ffects of Post-Harvest Management T echniques on Soil Carbon 

 

Post harvest management has an important role to play in mitigating some of the potential 

soil carbon losses documented in section 3.  One of the main considerations is management of 

post-logging debris, including the effects of incorporation of different litter on soil carbon 

dynamics.  The most important changes that occur immediately after harvest, aside from large 

quantities of biomass removal, are microclimate changes and physical disturbance to soils, which 

can alter microbial decomposition dynamics, dissolved organic carbon leaching, and soil erosion 

rates.  Losses of carbon to soil erosion are difficult to quantify, largely due to experimental 

difficulties, since tracing soils lost from sites through wind or water erosion is difficult.  Erosion 

losses are most often associated with overall mechanical disturbance of the logging site.   

 

A . Physical Disturbance 

One of the results of harvest operations is mechanical disturbance to the forest floor, which acts 

on soil carbon in various ways, with some researchers reporting anywhere from 24% 

(Huntington et al., 1990) to as much as 92% of the forest floor disturbed as a result of harvest 

operations (Martin, 1988).  Some of this disturbance is an intentional part of site preparation, 

such as disking or plowing, and results in significant losses (over 20% of soil carbon, 10-15% of 

total ecosystem carbon) (Schmidt et al., 1996).   

Few studies exist that examine the direct effect of plowing on soil carbon in forests, but 

data from agricultural systems show that plowing has an immediate negative effect on soil 

carbon, with losses from only a few years amounting to 30% of the total carbon pool, and 

restoration studies have shown that, without intensive management, this carbon is difficult to get 

back (Ammann et al., 2007).  Some of this disturbance is incidental to harvest operations, and is 

a result of the use of heavy machinery, which disturbs the forest floor and often results in mixing 

the top soil horizons.  Such high levels of disturbance break up the forest floor carbon layer and 

incorporate it into mineral soil, as well as expose mineral soil to the atmosphere, causing carbon 

to be oxidized and emitted as CO2.  In addition, hydrologic processes can cause carbon to be lost 

through erosion, and physically re-arrange the forest floor and mineral soil, increasing the 

difficulty of tracking carbon losses (Black et al., 1995).  Analyzing factors that affect erosion 

potential, Elliot et al. (1999) found that harvest intensity (whole tree versus bole and crown 
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versus bole only) and soil compaction (a consequence of intensive use of heavy machinery) are 

the main factors in soil erosion potential, and that areas with steep slopes can lose significant 

amounts of soil, and therefore soil carbon, due to erosion.  Although erosion may not be 

equivalent to complete carbon loss, carbon is removed from a particular site, and is either re-

deposited elsewhere or is oxidized and respired by microbes due to the increased exposure of the 

surface area to oxygen.  Prohibiting contour modifications in forest management will ensure a 

minimization of erosion losses, as the danger from soil erosion on level ground is minimal. 

 

B . Dissolved O rganic Carbon 

Another immediate consequence of harvest is increased loss of carbon from the surface 

horizons in the form of dissolved organic carbon.  Exposure of mineral soils and fresh residues to 

water, as well as root exudation and presence of severed root systems increase the chances of 

leaching of carbon from the surface horizons.  However, multiple studies in different biomes 

found that, although leaching of dissolved organic carbon compounds increased significantly 

following harvest, most if not all of the leachate was stabilized in the lower profiles, and 

therefore stayed in the system.  This effectively redistributing carbon away from the surface (e.g. 

Qualls et al., 2000, Piirainen et al., 2002), although it is difficult to generalize leaching dynamics 

due to differences in reported results (Kalbitz et al., 2000).  Overall, then, dissolved organic 

carbon is not of utmost concern in post-harvest practices.   

 

C . Post-logging Debris Management 

Perhaps one of the most critical variables in post-harvest management and site 

preparation is the management of post-logging debris.  Multiple researchers note that when post-

logging debris remains onsite, soil carbon increases in the short term after harvest (e.g. Knoepp 

et al., 1997).  This can partially be explained by the incorporation of organic matter into the 

forest floor and mineral soil through mechanical means during harvest, when machinery is driven 

on-site for other purposes, as well as the abovementioned dissolved organic carbon dynamics.  

However, another important factor that enables this increase is the microclimate that debris 

creates for soil bacteria (Devine et al., 2007).  Despite this understanding of the overall dynamic, 

the relationship is not always clear, since after a decade of intensive observation of a site in 

North Carolina, Powers et al. (2005) found no effect on soil carbon at the surface in plots where 
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logging debris was retained.  These results were potentially explained by the overwhelming 

effect of new vegetation regrowth that could have overwhelmed any signal from logging debris 

retention.  The likely mechanism for the potential beneficial effects of logging debris retention 

was explored by Slesak et al. (2010), when they examined the effects of varying debris retention 

rates on soil respiration and total soil organic carbon.  They found that at high levels of debris 

retention (80%), both bulk soil and microbial respiration were lower, and soil carbon retention 

higher, than in medium (40%) and debris removal treatments, which they attribute to the 

reduction in soil temperature that results from such practices.  They found a similar trend in soil 

carbon concentration, with significantly higher concentrations in the plots with greatest retention 

of logging debris (Slesak et al., 2010).  Soil carbon losses can be minimized where retention of 

post-logging debris on site is maximized. 

 

D . Site Preparation 

Typically, site preparation activities are undertaken in order to clear land for new 

seedlings and improve soil fertility in the case of clear cut harvests.  Unfortunately, these 

activities can have negative effects on overall carbon storage, as removal of debris and fertility 

enhancements create conditions favorable to microbial decomposition of soil carbon, and 

increases microbial decomposition of soil organic matter.   

Certain techniques, such as slash burning, can retain a large percentage of the slash 

carbon in the forest floor, as carbon in charcoal is more resistant to decomposition and is likely 

the primary reason for carbon accumulation following fire events (Kuzyakov et al., 2009).  

However, the intensity of site preparation, and therefore disturbance to soils, is generally 

correlated with an increase in carbon losses (Jandl et al., 2007), so the beneficial effects of 

converting biomass carbon into charcoal may be offset by the disturbance to the site.   

As is the case with harvest intensity, overall effects of site preparation on soil carbon are 

more negative with higher manipulation of the site.  Ensuring that logging debris is left in place, 

or at a minimum converted to charcoal, reducing the amount of soil disturbance and forest floor-

mineral soil mixing through mechanical incorporation, and making efforts to ensure that overall 

microclimate conditions do not change possible will ensure that increases in microbial activity 

and soil carbon decomposition, as well as dissolved organic carbon leaching and soil erosion, 

will be minimized. Projects that involves plowing, deep ripping, or furrowing will result in soil 
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carbon losses that may be mitigated by long-term (over 50 years) rotation schedules, but should 

be avoided as some soil carbon lost may take much longer to be recovered.  Although some 

mechanical disturbance to the soil is inevitable as a result of harvest of site preparation activities, 

such disturbance should be minimized to ensure minimal soil carbon losses. The new CDM 

guidelinesiv for soil carbon management specify that such disturbance shall not exceed 10% of 

the project area, which is an example of a conservative allowance for such disturbance, and will 

likely result in significantly smaller soil carbon losses.    

 

5. Monitoring T echniques 

 

As described above, soil carbon dynamics are complex, both in time, since some effects 

of management decisions may not be evident for decades, and space, due to inherent 

heterogeneity of soil carbon both on a landscape level and with depth.  Another problem is that 

soil carbon monitoring is fundamentally unlike aboveground biomass monitoring in that soil 

sampling is destructive, and, due to soil heterogeneity, far more samples must be obtained per 

sampling interval than aboveground biomass measurements, and thus each time sampling has to 

occur at a different place (Palmer et al., 2002).  Another problem is that soil carbon in itself is 

heterogeneous, as it exists in multiple forms, some of which are readily decomposable, and 

therefore vary significantly with seasonal and climatic changes, and some of which is highly 

recalcitrant, and is unlikely to change with management.  These challenges are only some of the 

reasons why soil carbon inventories are not common in management practice and changes in 

forest soil carbon stocks are largely ignored, or assumed to be negligible.   

However, as discussed above, different management practices have the potential to affect 

soil carbon stocks, either in the short or long term, with potential changes of anywhere between 

40-60% percent losses to 20% gain in some cases (Section 2, 3, 4). At the total ecosystem carbon 

level, losses of carbon can constitute 20-30% in the short term, and time for returning these 

stocks to pre-activity levels can often be over 50 years.  Various accounting techniques could be 

used to help ensure that potential carbon losses or gains are included in overall forest carbon 

balances.  In order to overcome methodological difficulties, some researchers have proposed 

modeling approaches that use assumptions regarding the effects of climate, region, and 
                                                 
iv http://cdm.unfccc.int/methodologies/ARmethodologies/tools/ar-am-tool-06-v1.pdf 

http://cdm.unfccc.int/methodologies/ARmethodologies/tools/ar-am-tool-06-v1.pdf
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management type on soil carbon stocks.  Early efforts focused on developing regional rules for 

carbon stocks and carbon accumulation curves, based on established data on climate, growing 

season, and basic forest type (Birdsey, 1992).  Later efforts have combined these with some data 

on disturbance effects of different forest management practices (Hoover et al., 2000).  The 

Hoover model uses aboveground inventory data, and then uses region and planatation type and 

management technique information to estimate soil and litter carbon dynamics.  They make some 

simple assumptions with regards to the effects of region and treatment types, as well as the type 

of harvest.  However, the basic rules of soil carbon dynamics used in these accounting methods 

do not take into account the full complexity of effects of management and contributing 

environmental factors on forest soil carbon dynamics, and do not take into account most recent 

research findings.  Even these methods require an on-the-ground inventory of standing biomass, 

and yet provide only a rough guide for soil carbon estimation.  The major benefit of these 

techniques for estimating soil carbon is their low cost.  These methods, although imprecise, 

allow land managers to quickly estimate their existing soil carbon stocks, and if updated using 

the findings of several of the recent review papers discussed in sections 2-4 (e.g. Johnson et al., 

2001, Jandl et al., 2007, Nave et al., 2010), can provide a rapid, cost effective way to roughly 

estimate both existing soil carbon stocks and the potential impact of management decisions. 

Currently, the Reserve Forest Protocol does not require soil carbon accounting in almost 

all cases, because it assumes that the changes in the soil carbon pool due to management 

activities are negligible, or that the amount of carbon in the soils returns to normal relatively 

quickly.  While these assumptions are correct for certain types of activities, this review 

demonstrates that certain management activities can have a lasting effect on soil carbon.  To 

account for such effects, the Reserve could employ one of these models as a tool for estimating 

soil carbon losses/gains, and ultimately could improve these models by updating them with new 

information reviewed above.  This would allow an estimation of the potential of each project to 

affect soil carbon; however, the relative lack of precision of such estimates may not be sufficient 

for carbon accounting purposes of the Climate Action Reserve.   

On the other end of the feasibility spectrum is a set of sophisticated techniques that allow 

for calculating both stocks and flows of carbon through the various parts of the ecosystem, 

including soil carbon, as well as calculations of changes of aboveground carbon fluxes.  Using a 

combination of data from soil respiration measurements (losses of soil carbon due to microbial 
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decomposition), destructive soil sampling for quantification of stocks, measurements of leaf-

level photosynthesis for understanding of carbon uptake, and using the eddy-flux approach to 

measure total ecosystem carbon exchange (overall losses/gains of carbon from the ecosystem), a 

very precise estimate of all of these parameters can be made (e.g. Sanderman et al., 2003, 

Misson et al., 2006).  The combination of these methods allows for a precise accounting of all 

ecosystem carbon flows, including soil carbon uptake and loss; however, they must be 

undertaken together in order to obtain an accurate picture of carbon dynamics.  The main 

problem with such an approach is the immense cost associated with both the instrumentation and 

personnel time required for this approach.  The costs of running such a monitoring program can 

easily reach hundreds of thousands of dollars per plot, and such programs are therefore 

unrealistic as a routine measurement technique for forest carbon offset projects. However, it may 

be useful to establish several test plots in different biomes in the United States in order to ground 

test any estimate protocols or modeling tool, as described earlier in the section. 

A relatively recent suite of options for remotely determining soil carbon fluxes has been 

under development, based on using different spectral absorptions of carbon dioxide.  Chatterjee 

et al. (2009a) review the different methodologies such as infrared reflectance spectroscopy and 

using inelastic neutron scattering for determining both soil respiration and carbon content.  

Unfortunately, such non-destructive measurements require expensive equipment (tens and, in 

some cases, hundreds of thousands of dollars) and constant calibration, and they require trained 

field personnel.  Another option that has potential for certain stages of forest management is 

remote sensing using satellite observation.  New sensors on satellites allow observation in 

different infrared spectrums, and these techniques have been used extensively to document 

carbon dioxide fluxes from forests (e.g. Garbulsky et al., 2008).  However, the critical problem 

for measurements of soil carbon fluxes is the need for direct observation of bare or near-bare 

soils by the satellite, which limits the use of remote sensing data for soil carbon fluxes to 

immediate post-harvest observation.   

The last major suite of methods is also the most developed, and it involves direct 

measurements of soil carbon stocks through a variety of destructive sampling methods, most 

common of which is the dry combustion method, which allows for direct quantification of soil 

organic matter.  The method itself is very simple and inexpensive; commercial soil testing labs 

can process each sample for under $10.  The caveat lies in the necessity to collect a large number 
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of samples in order to capture the spatial heterogeneity of soil organic matter (at least 20 soil 

cores, preferably performed at multiple depths, per plot), which is a very labor-intensive process, 

and concurrent sampling that is required (bulk soil porosity, moisture content, etc.) likewise 

requires significant time investment.  The other problem is that the method does not allow for 

sufficient precision to detect small (<10%) changes in soil organic matter, due to the 

heterogeneity of soil carbon distribution, unless the number of samples is sufficiently large 

(Homann et al., 2008), and site heterogeneity is the main factor in the number and timing of 

samples required to detect a difference.   

Overall, there is no one ideal method for monitoring soil carbon stocks, and changes in 

those stocks, in forests.  For practical reasons, a combination of direct sampling and modeling 

techniques may be required, with direct sampling used to establish the baseline soil carbon 

content, and modeling to predict changes in the soil carbon stocks due to management regimes.  

Repeated direct sampling may be required to verify model predictions, but the power of direct 

sampling to detect change rests on the amount of investment of time for sample collection.  
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6. F indings Relevant to Consider ing Soil Carbon for the Forest Protocol 

A . Assessment of general magnitude of potential disturbance associated with pre-, during- 

and post-harvest management activities 

 

As mentioned throughout the report, the magnitudes of potential carbon gains or losses 

associated with different forest management techniques is highly variable, and depend on 

multiple factors.  Overall, soil carbon constitutes anywhere between 50-75% of the overall 

ecosystem carbon, making even small changes important in the context of the whole forest.  The 

magnitudes of changes reported in the literature vary significantly, largely due to the inherent 

heterogeneity of soils, both within the soil profile and geographically, and making concrete 

recommendations in many cases is difficult.  However, there are several management practices 

that have been shown to affect soil carbon. 

 

Pre-harvest Activities 

Forest stand management includes multiple activities that ensure the health of the 

commercial stand, reduce competition from non-commercial species, and improve soil fertility.  

We have highlighted multiple studies on the effects of fertilization on forest stands, even though 

direct fertilization is not allowed under Forest Protocol rules, because multiple activities increase 

nutrient inputs into soils.  These include stand thinning, brush removal, encouraging nitrogen-

fixing shrubs, and retaining woody and leafy debris on-site.  Fertilization studies allow us to 

understand the effects of these added nutrients on soil carbon.   

Although the effects of some pre-harvest activities on soil carbon are unclear, multiple 

studies have shown that activities that contribute fresh litter to the forest floor, such as control of 

competing vegetation, will result in significant gains of up to 20% in soil carbon in initially poor 

fertility soils, but a 40-60% decrease in fertile, high carbon soils.  This effect is governed by the 

role that nitrogen inputs from fresh litter play in soil organic matter dynamics, where they 

stimulate decomposition of labile carbon, but stabilize more recalcitrant fractions.  Additionally, 

in low fertility sites, such inputs stimulate above-ground production, which, in turn, results in 

higher levels of carbon deposition belowground.  Fertile soils, such as the ones in the 

southeastern United States, can therefore lose significant amounts of carbon due to competing 

vegetation control activities.  Mechanical thinning for disease and fire management, as well as 
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removal of suppressed trees is a standard forestry practice, which is allowed under the current 

Forest Protocol.  Removal of some trees within a stand allows greater growth and carbon fixation 

in remaining trees, and in many cases improves the health of the stand.  However, thinning also 

changes the temperature and moisture conditions of the soil, stimulating microbial 

decomposition of soil organic matter and reducing soil carbon stocks.  Exact estimates of the 

magnitude of losses are not readily available in the literature, as the types and frequencies of 

thinning vary greatly between studies.  Regardless of the magnitude, studies report that the 

increased productivity of remaining trees has the potential of replenishing soil carbon lost due to 

thinning within approximately 5 years in the examined systems.  Therefore, thinning will not 

have a significant effect on soil carbon in the cases where such activities are undertaken with low 

frequencies.  Authors of multiple studies also note that if post-thinning debris is left on-site, then 

the changes to soil microclimate are minimized and soil organic matter decomposition dynamics 

are less affected.   

 

Harvest Activities 

Multiple studies have addressed the effects of harvest activities on soil carbon.  Although 

on average harvest activities do not have a statistically significant effect on soil carbon, when we 

examine different systems and harvest techniques separately, several factors appear to have 

effects on soil carbon gains and losses in forest ecosystems.  From the range of studies examined, 

we see that potential declines in soil carbon following harvest can be as high as 60%.  Whole tree 

harvesting results in overall losses of soil carbon of as much as 20%, due to removal of all 

aboveground biomass from the site.  In contrast, harvesting of saw-logs only results in an overall 

30-40% gain in soil carbon, due to the subsequent incorporation and decomposition of harvest 

residues into soil organic pools.  These effects presist for various periods of time, and are 

mitigated at different rates in different ecosystems.  Typically, most losses are mitigated within 

50 years from disturbance.  Additionally, harvests of coniferous species result in overall soil 

carbon gains, whereas broadleaf species harvest effects on soil carbon are uncertain.  The likely 

mechanism for this difference is the relative recalcitrant nature of conifer residues, when 

compared to broadleaf residues, which are more easily decomposable.  Retaining harvest 

residues on site after harvest, in general, protects, and in some cases enhances soil carbon.  A lot 
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of the variation in these numbers is explained by the dominant soil type (order), and harvest 

activities on Inceptisols and Ultisols are likely to result in greater losses of soil carbon.   

One of the critical variables in the effects of harvests on soil carbon is time.  Soil carbon 

stocks generally recover with time after harvests, although the recovery time is greatly dependent 

on subsequent forest productivity.  Recovery times vary anywhere between 25-100 years, and 

rotation times that are shorter than typical recovery times will result in lasting losses of soil 

carbon that are not compensated for.  Longer rotation schedules, over 50 years, can ensure that 

no matter the magnitude of soil carbon loss, soil carbon stocks can recover before the next 

harvest. 

 

Post-Harvest Activities 

Management decisions after harvesting can have lasting implications on soil carbon 

stocks.  Current Reserve rules for Forest Projects allow up to 25% site disturbance with 

techniques such as plowing, deep ripping, or furrowing.  Such practices result in significant 

losses of soil carbon (up to 30%), and the current standards may still result in significant carbon 

losses.  In general, studies show that disturbance should be minimized, and that, as noted earlier, 

logging debris should be left on-site in order to minimize the changes in soil microbial activity 

that usually result from higher soil temperatures that are observed after harvest due to the lack of 

tree canopy cover.   

 

B . Assessment of uncertainty in measurements and observations 

 

As we discussed above, not only does considerable uncertainty exist when we consider 

the effects of different forest management practices on soil carbon, but there is a large 

discrepancy between studies in different biomes, on different soils, and between different 

management techniques.  Additionally, available monitoring techniques often lack the spatial 

and temporal resolution to capture changes in soil organic matter pools, and the cost of 

monitoring is prohibitive for real-time measurements in forest offset projects.  In addition, the 

overall body of knowledge of soil carbon dynamics is small, and does not cover the diversity of 

ecosystems in North America. This is due to the fact that soil carbon investigation techniques are 

relatively new, and novel methods are under development.  We also lack a sufficient body of 
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studies on longer-term effects on soil carbon, which presents a problem for estimating the 

timescales at which these effects are important.  These factors pose a problem for making 

unequivocal recommendations, as the effects can be widely different, and depend on a multitude 

of factors. These caveats aside, although we may not have exact data on the effects of particular 

management techniques on soil carbon, the general direction of such effects has been described 

in this white paper.  Updating existing models with current information should provide relatively 

accurate and cost effective ways of projecting such impacts. 

 

C . Summary of known effects of forest management for consideration by the Reserve  

 

Currently the Reserve Forest Protocol does not specify the type of pre-, during-, and post-

harvesting techniques that would require soil carbon accounting in Forest Projects.  The only 

requirement for such accounting is based on the degree of site disturbance due to plowing, deep 

ripping, or furrowing, or site preparation activities that occur on contours.  The available body of 

knowledge shows that other activities have direct effects on soil carbon content.   

 

 Forest management that includes (a) competing vegetation control, (b) thinning, or (c) 

other activities that alter canopy cover or organic matter inputs can have significant 

effects on soil carbon stocks in the long term, and should be infrequent enough to allow 

soil carbon stocks to return to original conditions.  This is especially important on sites 

with high original organic matter content.  Soil carbon losses should be considered if 

such activities are undertaken at time intervals shorter than 10 years, and/or if biomass 

residues are removed from the site. 

 Presence of nitrogen-fixing shrubs, which occur following previous harvests, should be 

encouraged, as they contribute to significant increases in soil carbon.   

 Results of multiple studies show that harvest plans that include removal of all residues 

will result in soil carbon losses, and should require an assessment of soil carbon stocks 

after harvest.  This is particularly important on sites that are located on Inceptisols and 

Ultisols, as there is significant potential of losses of soil carbon from those types of soil 

(Appendix 1).  Bole-only harvest should be encouraged, and projects that involve whole-

tree harvesting should account for soil carbon losses. 
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 Likewise, projects with scheduled rotation intervals shorter than 50 years should 

demonstrate that forests have regained soil carbon lost during prior harvests.  In boreal or 

low-productivity ecosystems (i.e. Scotts Pine dominated systems) this interval should be 

at least 75 years, as the mitigation of soil carbon losses during harvest occurs at a slower 

rate.   

 
 Post harvest activities that remove residual biomass from the site or involve physical 

disturbance (plowing, furrowing, deep ripping) to the soils over 10% of the project area 

should account for soil carbon losses, as these can be significant and long-lasting.  

 
 Developing an updated model for soil carbon losses and gains from forest management 

activity can help in ensuring proper soil carbon accounting. This can be accomplished 

using the Hoover et al. (2000) model as a reference starting point, and including more 

recent data to improve accuracy in predictions. 
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Executive summary

With memories of the 2008-2009 financial crisis still vivid, 
2011 emerged as yet another turbulent year for capital markets. Volatility increased 

for energy-related commodities, including carbon, with the onset of the Arab Spring, 

the shutdown of nuclear power stations in Japan and Germany in the wake of the 

Fukushima disaster,1 and the downgrade of the United States’ AAA credit rating. 

Equally relevant was the crisis of confidence that ensued as the Greek debt crisis 

intensified, spurred by fears that it would spread to other European Union (EU) 

economies and lead to a double-dip recession. 

Carbon markets were not immune to the eco-
nomic volatility. Compounded by increas-
ing signs of long-term oversupply in the EU 
Emissions Trading Scheme (EU ETS), the back-
bone of the EU’s climate policy and the engine 
of the global carbon market, carbon prices plum-
meted toward the end of the year.2 Yet even as 
prices declined, the value of the global carbon 
market climbed in 2011, driven predominant-
ly by a robust increase in transaction volumes. 
The total value of the market grew by 11 per-
cent (%) year on year (yoy) to US$176 billion 
(€126 billion), and transaction volumes reached 
a new high of 10.3 billion tons of carbon dioxide 
equivalent (CO2e) (see Table 1).3 

Central to the rise in global transaction vol-
umes, EU Allowance (EUA) trading volumes 
increased, reaching 7.9 billion tons of CO2e, val-
ued at US$148 billion (€106 billion). Supported 
by increased liquidity in the Certified Emission 
Reduction (CER) market and in nascent secondary 
Emission Reduction Unit (ERU) exchange-based 

activity, trading volumes for secondary Kyoto off-
sets also soared in 2011, increasing by 43% yoy 
to 1.8 billion tons of CO2e, valued at US$23 bil-
lion (€17 billion). Largely driven by hedging and 
arbitrage, trading volumes for all assets increased 
as annual greenhouse gas (GHG) emissions in 
Europe declined for the second time in three years 
(primarily driven by weak industrial activity in the 
EU) and forecasts of compliance demand were 
dwarfed by the oversupply of allowances. As com-
pliance demand and prices deteriorated, the issue 
of whether current carbon prices can sufficiently 
spur long-term low-carbon investments emerged 
in the debate, surfacing a key challenge in this 
market: an oversupply created as a consequence 
of demand responding to the current macroeco-
nomic scenario versus a pre-established supply de-
termined under very different market conditions. 

The value of the pre-2013 primary CER market 
declined once again in 2011 as a consequence of 
the imminent end of the first commitment period 
of the Kyoto Protocol. Market value fell by 32% 

1. The Fukushima disaster was a consequence of the earthquake and tsunami in Japan in March 2011. 
2. Prices for December 2012 delivery of EU Allowances (Dec 12 EUA) and December 2012 delivery of Certified Emission Reductions 
(December 12 CERs) fell by 50% year on year (yoy) and 62% yoy respectively, from January 3, 2011, to December 30, 2011. Source: 
IntercontinentalExchange (ICE) Futures Europe.
3. Differences in 2010 figures reflect changes in the methodology to calculate the value and volume of trades. For detailed information 
regarding the methodology used to measure asset volumes and values, see the Methodology section at the end of this Report.



10 State and Trends of the Carbon Market 2012

yoy to US$1.0 billion (€0.7 billion). The size of 
the ERU and Assigned Amount Unit (AAU) mar-
kets also decreased, by 36% and 49% respectively. 
In stark contrast to this, the post-2012 primary 
market increased by a robust 63% yoy to US$2 
billion (€1.4 billion) despite depressed prices. 
Although China remained the largest source of 
contracted CERs, African countries – largely by-
passed in the pre-2013 market – emerged stron-
ger in 2011 and accounted for 21% of post-2012 
CERs contracted during the year. Despite the in-
crease in post-2012 volumes, purchase agreements 
became less binding due to lingering uncertain-
ties regarding residual compliance demand and 
the eligibility of international credits in existing 
frameworks and schemes under development.

The year ended with the 17th Conference of the 
Parties (COP) in Durban, South Africa. While 
COP 17 did not adopt the incremental emission 
reduction commitments necessary to close the gap 
as per the ambitious level set by the UNFCCC 
Parties, it signaled a political commitment to re-
solve critical issues that were far from certain prior 
to the meeting. In particular, three key results 
formed the backbone of the Durban Platform for 
Enhanced Action: (i) the formal provision for a sec-
ond commitment period of the Kyoto Protocol;4 

(ii) the launch of the Green Climate Fund to scale 
up long-term climate finance to developing coun-
tries; and (iii) the formal provision for a roadmap 
toward a global legal agreement on climate change 
(the “Durban Platform”) to be agreed in 2015 and 

 2010 2011

 volume (mtco2e) value (Us$ million) volume (mtco2e) value (Us$ million)

allowances market

eua  6,789  133,598  7,853  147,848 

aau  62  626  47  318 

rMu  -    -   4  12 

NZu  7  101  27  351 

rggi 210    458 120    249 

CCa  -    -    4  63 

others  94  151 26 40 

subtotal  7,162  134,935  8,081  148,881 

 spot & secondary offset market 

sCer  1,260  20,453  1,734  22,333 

seru  6  94  76  780 

others  10  90  12  137 

subtotal  1,275  20,637  1,822  23,250 

 forward (primary) project-based transactions 

pCer pre-2013  124  1,458  91  990 

pCer post-2012  100  1,217  173  1,990 

peru  41  530 28 339 

Voluntary market  69  414  87  569 

subtotal  334  3,620  378  3,889 

total 8,772  159,191  10,281  176,020 

Sources: World Bank, Forest Trends-Ecosystem Marketplace for data on the voluntary market and Thomson Reuters Point Carbon for 
data on the California offsets
Subtotals and totals may not add up due to rounding

table 1: 

Carbon market at 

a glance, volumes 

and values, calendar 

2010-2011

4. To become a reality, the necessary decision to that effect will need to be adopted at COP 18.
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take effect in 2020. The decision on a new market 
mechanism further strengthens the international 
trust in the UNFCCC process. Still, the restricted 
geographic scope of the Kyoto Protocol’s second 
commitment period and prospects for a global 
deal to take effect in 10 years did not satisfy the 
immediate needs of the existing carbon market in-
frastructure, and the Durban Platform could not 
reverse the downward spiraling of the carbon price 
that produced record lows through early 2012.

At a time when uncertainties surround the exist-
ing carbon markets, it becomes more important 
than ever to take stock of the cumulative impact 
of carbon market mechanisms. To date, US$28 
billion worth of pre-2013 CERs have been con-
tracted forward (US$30 billion, combined with 
ERUs); if all underlying projects are imple-
mented, these contracts will have supported ad-
ditional investments of more than US$130 bil-
lion in developing countries5,6 and confirm that 
project-based mechanisms have the capacity to 
mobilize capital efficiently toward cost-effective 
low-carbon investments. More broadly, low-car-
bon initiatives, including market mechanisms, 
have broken the inertia and significantly raised 
awareness of the climate challenge.  

In this context, several domestic and regional low-
carbon initiatives, including market mechanisms, 
gained increasing traction in both developed and 
developing economies in 2011 and early 2012. 
The global carbon market welcomed the news 
in late 2011 that the Australian Parliament had 
passed the ambitious Clean Energy Act, which 
will bring a nationwide cap-and-trade scheme to 
Australia by 2015. The scheme is expected to cov-
er roughly 60% of the country’s 600 million tons 
of CO2e per year. In 2011, California’s cap-and-
trade regulation was adopted by the California Air 
Resources Board. California’s plan is set to go into 
effect in 2013; with a coverage expansion planned 

for 2015, the plan is expected to cover 85% of 
California’s annual emissions. Québec, which 
emits 12% of Canada’s annual GHG emissions, 
adopted its own cap-and-trade plan, and the 
province is now working toward linking it with 
California’s (within the context of the Western 
Climate Initiative) starting in 2013. In addition, 
both Mexico and the Republic of Korea got their 
comprehensive climate bills passed a few days 
apart in April 2012. These initiatives combined 
mean five new jurisdictions are adopting econo-
my-wide cap-and-trade schemes. These events are 
particularly noteworthy in contrast to 2010, when 
no such initiatives were launched. Now the world 
looks with particular attention to China, which 
is also among the frontrunners in the race to be-
come a low-carbon economy. Its advanced plan to 
pilot several regional cap-and-trade schemes is ex-
pected to provide the foundation for a nationwide 
scheme in the coming years.

Initiatives that attract competitive private sec-
tor participation are essential to identifying and 
implementing least-cost solutions for climate 
change mitigation and adaptation, and market-
based mechanisms can catalyze such participa-
tion. However, the allocation of private capital 
toward the deployment of new low-carbon tech-
nologies at scale has been constrained by the low 
price prevailing in the short term and the ab-
sence of a price signal in the long term, and com-
pounded by nervous financial markets that favor 
exposure to less risky assets and markets. More 
ambitious targets are needed from a larger num-
ber of countries to foster demand that can set the 
groundwork for a truly transformational carbon 
market – one that can emerge from fragmented 
but workable market initiatives. The challenge 
then will be to chart a course to further evolve 
these initiatives through linking and potentially 
reshaping the global carbon map. 

5. World Bank estimates from 2011 and based on CDM projects in its own pipeline led to an average 1º:5 ratio between CER purchase 
values and the additional investments required for the underlying project to be implemented.
6. This value refers to the cumulative 2.4 billion CERs contracted in the primary market from 2002-2011. The value does not ensure the 
actual transfer of funds from the buyer to the seller as payments for emission reductions purchased in the primary market are commonly 
made upon delivery.
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Introduction: a changing climate

since 2007, both climate science and climate economics have 
advanced dramatically, mainly in response to the Stern Review in 2006 and 

the Intergovernmental Panel on Climate Change’s Fourth Assessment Report in 2007. 

As climate science has matured, its limitations have also been revealed, meaning that the 

impacts of climate change are still difficult to predict. Carbon-cycle positive feedbacks 

may lead to far-reaching changes that are increasingly difficult to reverse once they have 

taken place. In addition, climate risks involve tipping points at which abrupt, perhaps 

irreversible transitions could occur.7

Climate damages have already begun to occur; 
these are disproportionally impacting the poor, 
who are the least resilient and most vulnerable. 
From 1970-2008, over 95 percent (%) of natu-
ral-disaster-related deaths occurred in developing 
countries. Even under rapid mitigation scenarios, 
the magnitude and rate of climate change-related 
damage is expected to worsen in years to come, 
caused by the delayed effects of past emissions 
and emissions expected in the near future (i.e., 
the cumulative emissions over time). 

As agreed at the 15th Conference of the Parties 
(COP) under the United Nations Framework 
Convention on Climate Change (UNFCCC) 
in 2009, the Copenhagen Accord declared that 
deep cuts in global emissions are required “so as 
to hold the increase in global temperature below 
two degrees Celsius.” It also called for an assess-
ment that would consider strengthening the 
long-term goal, including “temperature rises of 

1.5 degrees.” The Copenhagen Accord also in-
vited parties to submit mitigation plans with the 
UNFCCC. To date, 90 countries, including 48 
developing nations8 have registered plans with 
the UNFCCC to reduce emissions by 2020.

Despite international efforts, the climate change 
challenge remains daunting and the search for 
long-term solutions continues. Total anthropo-
genic greenhouse gas (GHG) emissions at the 
end of 2009 were estimated at 49.5 gigatons of 
carbon dioxide equivalent (GtCO2e) and GHG 
emission levels of approximately 39-44 GtCO2e 
in 2020 would be consistent with a “likely” 
chance of limiting global warming to 2° C. 
However, under business-as-usual projections, 
global emissions could reach 56 GtCO2e by 
2020; even if the highest ambitions of all coun-
tries associated with the Copenhagen Accord are 
implemented, annual (GHG) emissions would 
still reach 49 GtCO2e by 2020.9 

7. Source: Stockholm Environment Institute. Climate Economics: The State of the Art, November 2011.
8. Source: Mobilizing Climate Finance, a paper prepared at the request of the G20 finance ministries, 2011 (http://climatechange.
worldbank.org/content/mobilizing-climate-finance).
9. Source: UNEP, The Emissions Gap Report, November 2010.
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Other scenarios show that the world is on a trajec-
tory that results in a level of emissions consistent 
with a long-term average temperature increase of 
more than 3.5° C, assuming the implementation 
of recent government policy commitments, or 6° C 
or more without them.10

In addition, as the global population heads to-
ward 9 billion by 2050,11 there is likely to be 
increased pressure on the natural resources that 
supply energy and food. Global investments of 
US$38 trillion in energy-supply infrastructure 
are required between 2011 and 2035, two-thirds 
of this in non-OECD countries. However, to-
tal new investments in clean energy reached 
US$260 billion only in 2011, with less than one-
third of all clean energy financial investments 

being made in non-OECD countries.12 If strin-
gent new action is not forthcoming by 2017, 
the energy-related infrastructure then in place 
will generate all the CO2 emissions allowed up 
to 2035, leaving no room for additional power 
plants, factories, and other infrastructure unless 
they are zero-carbon.13 

At times of macroeconomic uncertainty, “climate 
change will test the ability of governments to lead, 
as never before. Trade-offs will be necessary in the 
choices policymakers must make – between the 
urgency of today’s problems and the need to pre-
pare for future risks.”14 Furthermore, the interplay 
between climate change mitigation, adaptation, 
and disaster risk management will have a major 
influence on resilient and sustainable pathways.  

10. Source: International Energy Agency (IEA), World Energy Outlook 2011, November 2011.
11. Source: OECD. Environmental Outlook to 2050: The Consequences of Inaction, 2012.
12.  In addition, total renewable energy subsidies totaled US$66 billion, compared to US$409 billion in global fossil-fuel subsidies in 
2011. Source: Bloomberg New Energy Finance, Finance Summit, March 20, 2012.
13. Four-fifths of the total energy-related CO2 emissions permissible by 2035 are already “locked-in” by our existing capital stock (power 
plants, buildings, factories, etc.). Source: International Energy Agency (IEA), World Energy Outlook 2011, November 2011.
14. Source: World Resources Institute (WRI) in collaboration with United Nations Development Programme, United Nations 
Environment Programme, and World Bank. World Resources 2010–2011: Decision Making in a Changing Climate – Adaptation 
Challenges and Choices, 2011.
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European Union Emissions Trading 
Scheme (EU ETS)

3.1 at a glance 
In 2011, the total transaction value in the European Union Emissions Trading Scheme 

(EU ETS) rose 11 percent (%) year on year (yoy) to US$171.0 billion (€122.3 billion). 

The primary catalyst was a steep increase in the trading volume of European Union 

Allowances (EUAs), secondary Certified Emission Reductions (sCERs), and Emission 

Reduction Units (ERUs), which collectively rose 20% to 9.7 billion tons. EUA volumes15 

represented 81% of all EU ETS transactions during the year.  

The growth in overall transaction value occurred 
despite annual average prices falling substan-
tially for all three asset classes. The annual aver-
age EUA price declined 4% yoy to US$18.8/ton 
(€13.5/ton).  Similarly, the annual average sec-
ondary CER and ERU combined price declined 
21% yoy to US$12.8/ton (€9.2/ton).16 

Although average prices ended down, the year 
started strongly. EUA prices staged a robust 20% 
increase during the first 5 months of 2011,17 
tracking broad-based gains in other commod-
ity markets. The rally extended through to May 
2011 before peaking, reversing all gains, and 
then hitting new lows. The trend down coin-
cided (see Figure 1) with the worsening of the 
Greek debt crisis, which sparked fears of systemic 
contagion (particularly to Spain and Italy) and 

concern about a second EU recession in recent 
years. Fears about weak demand intensified in 
June when the European Union (EU) proposed 
a new Energy Efficiency Directive (EED) that 
mandated energy efficiency measures.18

The new factors for concern were compounded 
by: (i) the dramatic reduction in EU emissions 
during the 2008-2009 economic downturn, 
followed by a weak industrial recovery;19 (ii) 
substantial investment in domestic renewable 
energy capacity in recent years;20 and (iii) the 
current supply of international offsets – largely 
stimulated by the EU ETS itself. Together these 
factors painted a clear picture that the oversup-
ply of EUAs already seen in Phases I and II of 
the EU Scheme would likely remain for several 
more years.   

15. Including primary EUAs sold by member states, which accounted for approximately 1% of EUA volumes and values.
16. Differences in 2010 figures reflect changes in the methodology to calculate the value and volume of trades. For detailed information 
regarding the methodology used to measure asset volumes and values, see Methodology.
17. A 20% increase versus the closing price on January 3, 2011.
18. Prices fell by almost 20% over the three days following the publication of the draft EED on June 22, 2011.
19. The GHG emissions declined 11% between 2008 and 2009, following a 15% reduction in the EU industrial activity in the same 
period. Source: Communication from Sikorski, Trevor, Barclays Capital, March 2012.
20. Investments in wind and solar capacity in 2010 and 2011 amounted to 50 gigawatts in Europe.
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Trading volumes soared in 2011, coinciding 
with the second decline in verified emissions in 
three years.22,23 This was mainly driven by weak 
industrial activity in the EU ETS perimeter and 
oversupply dwarfing compliance demand. A 
milder winter in Europe also contributed to the 
decline in emissions, as less fuels were burned 
for heating. These are strong indications that the 
collective demand for carbon permits and offsets 
has a limited impact in market players’ trading. 

A considerable portion of the trades is primar-
ily motivated by hedging, portfolio adjustments, 
profit taking, and arbitrage. 

3.2 aN expaNded sCope For 
The eMissioNs Cap iN The eu 
sTarTiNg iN 2012

3.2.1 New gases and assets are integrated 
into the Scheme

Substantive changes in the operation and emis-
sions coverage of the EU ETS are set to start in 
2013, as part of its Phase III. The process actually 
started in 2012 with preparatory measures and 
the inclusion of the aviation sector. That sector 
will represent the second-largest emitting sector 
covered by the scheme.  
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21. Prices are based on the front-December contracts for each respective year (Source: ICE). Volumes exclude primary EUAs sold by 
EU governments.
22. On April 2, 2012, the European Commission released verified emissions data for the EU ETS (89% of installations have reported 
until that date). Emissions declined by 2.4%, from 1.75 billion tons in 2010 to 1.7 billion tons in 2011. 
23. In April 2012, the EC published additional 2011 EU ETS verified emissions data. With around 97% of installations reporting their 
emissions, final estimates for 2011 reached 1,896 Mt, or a 2.2% fall in emissions from 1,938mt in 2010. The figure includes new 
entrants and excludes installations that failed to comply. By including them, the decline would be 2.5%. Source: Jefferies Bache, Global 
Commodities, April 12, 2012.

“Trading volumes soared in 2011, coinciding 
with the second decline in verified emissions 
in three years. a considerable portion of the 
trades is primarily motivated by hedging, 
portfolio adjustments, profit taking, and 
arbitrage.”
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The power sector remains the largest sector cov-
ered by the EU ETS. Since its early days, the 
EU ETS has covered emissions in power stations 
and other combustion plants, oil refineries, coke 
ovens, iron and steel plants, cement, glass, lime, 
bricks, ceramics, pulp, paper, and board sectors. 
Through 2012, the only greenhouse gas (GHGs) 
covered by the scheme is carbon dioxide (CO2).

24 

As of 2013, the scope of the ETS will be extended 
to include other sectors and GHGs. CO2 emissions 
from petrochemicals, ammonia, and aluminium will 
be included, as will N2O emissions from the nitric, 
adipic and glyocalic acid production, and perfluoro-
carbons from the aluminium sector.  The capture, 
transport, and geological storage of CO2 emissions 
will also be covered. These sectors will receive free 
allowances, based on industry-specific benchmarks.

The total number of allowances in the EU-wide 
cap in 2013 will be equivalent to the average to-
tal number of allowances issued by member states 
during Phase II. The cap has been established to 
deliver an overall reduction of 21% in the verified 
emissions by 2020 against 2005 levels. In contrast 
to previous phases, the number of allowances will 
decrease 1.74% annually until 2020. The linear 
annual decrease will better represent the expected 
decline in emissions over that period.  

The preliminary cap for the year 2013 has been 
set at 2,039 million tons of CO2 equivalent 
(MtCO2e). The final number will be adjusted, 
however, to reflect the broadened scope of the 
scheme starting in 2013, any small operators 
that member states have chosen to exclude, the 
inclusion of the aviation sector, and the inclu-
sion of emissions from Norway, Iceland, and 
Liechtenstein. Accounting for the changes in 
scope, these numbers may start at 2,291 MtCO2e 

in 2013 and decline to 2,024 MtCO2e in 2020.25

The Phase III of the EU ETS is expected to pro-
vide stronger price signals due to a longer trad-
ing period (eight years versus five years in Phase 
II), the annually declining emissions cap, and 
a substantial increase in the level of auction-
ing (from less than 4% in Phase II to over 50% 
in Phase III).26 Over 1,200 million EUAs are 
expected to be auctioned every year starting in 
2013, compared to less than 100 million EUAs 
sold in 2011.27

3.2.2 Many fewer allowances will be 
allocated for free

Full auctioning becomes the rule from 2013 
onward for electricity generators, who emit the 
majority of GHG emissions in the EU ETS. 
Few member states will be given the option to 
postpone the full auctioning process temporar-
ily; most will start with 30% auctioning in 2013 
and progressively get to 100% by 2020. For oth-
er sectors, free allocations will be progressively 
phased out starting at 80% in 2013, decreas-
ing to 30% in 2020, and reaching 0% in 2027. 
Exceptions will apply for installations in sectors 
that are found to be exposed to a significant risk 
of “carbon leakage.”28

Harmonization has also been an objective in ar-
eas resulting in an EU-wide emissions cap (re-
placing the national caps for member states in 
Phases I and II) and rules for transitional free 
allocations (EU-wide rules will apply equally to 
all installations across the EU with the same or 
similar activities).

As of January 2013, auctioning will take place on 
a common EU-wide platform for most European 
member states. However, in February 2011, 

24. Netherlands has opted to also cover emissions from nitrous oxide (N2O).
25. Source: Deutsche Bank, EU Emissions: Scoping the Cap over Phase 3, February 13, 2012.
26. In the interest of solidarity, 12% of the total allowances auctioned will be redistributed to member states with lower GDP.
27.  Directive 2003/87/EC allows Member States to auction and/or sell up to 5% of their EUAs in Phase I and 10% in Phase II. These 
may include EUAs from closure and surplus of the New Entrant Reserve.
28. Two thirds of the emissions in these sectors come from industry exposed to significant risks of carbon leakage and will benefit from 
full free allocation up to their industry specific benchmarks until 2020. Benchmarks reflect the 10% most efficient installations, with the 
90% less efficient installations being required to either reach the benchmark or purchase additional allowances.
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Germany, Poland, and the United Kingdom 
informed the European Commission (EC) of 
their decision to opt out of the common auction 
platform and instead appoint their own auction 
platforms. These platforms still need to satisfy 
the rules of the Auctioning Regulation and will 
require approval from the EC, the Council and 
the European Parliament.

A decision was taken to establish a transitional 
common auction platform in 2012 to conduct 
auctions on a provisional basis. A subsequent 
common auction platform, to which the provi-
sions of the Auctioning Regulation will apply 
in full, is to be appointed soon thereafter. On a 
competitive procurement basis, common auction 
platforms will be appointed for a period of maxi-
mum 5 years. The amendment to the Auctioning 
Regulation agreed to by member states in July 
2011 provides for the auctioning of 120 mil-
lion Phase III EU allowances (EUAs) in 2012. 
The first auctions of EU Aviation Allowances 
(aEUAs) will also take place in 2012, which is 
the year in which aircraft operators come under 
the EU ETS.

The estimated timetable of the early auctions is 
as follows:29

•	 In December 2011, Germany closed the pro-
curement for its transitional platform. 

•	 In February 2012, the UK closed the pro-
curement for its platform.30

•	 On March 9, Germany notified the 
Commission that it intends to appoint the 
European Energy Exchange AG (EEX) in 
Leipzig as its transitional opt-out auction 
platform.

•	 On March 24, the call for tender for 
the transitional common auction plat-
form under the EU ETS was pub-
lished (with a closing date of May 3). 

•	 On April 25, an amendment to Annex 3 of 
the Auction Regulation, to list the German 
transitional platform, was endorsed by the 
EU’s Climate Change Committee. This 
amendment has been submitted to the 
Council and the European Parliament for a 
three-month scrutiny period. Provided no 
objections are raised, the Commission can 
adopt the amendment. This platform would 
become operational and could start early auc-
tions in September 2012 the earliest.

•	 In the end of April, the UK notified the 
Commission that it intends to appoint 
IntercontinentalExchange (ICE) as its opt-
out auction platform.

•	 In the summer of 2012, the selection of the 
common transitional platform is expected to 
be announced.

•	 As the auction platform proposed by 
Germany, also the auction platform pro-
posed by the UK is to be listed in Annex 3 
to the Auctioning Regulation, following the 
same procedures. At the earliest in November 
of 2012, the UK platform could start early 
auctions.

•	 Auctions on the transitional common auc-
tion platform are to start after summer 2012. 
The Commission has refrained from provid-
ing precise estimates for a starting date.

•	 Poland has not yet launched a tender pro-
cedure for its opt-out auction platform. 
Though no formal decisions are known as of 
the writing of this report, Poland indicated 
it would turn to the transitional common 
auction platform for auctioning its share of 
allowances until its opt-out auction platform 
is appointed and approved, as foreseen in the 
Auctioning Regulation.

 
The first stage of the procurement procedure to 
appoint an auction monitor – that will monitor 
the auctions on all auction platforms – is to be 
published soon.

29. Some data were sourced from Dufour, Claire. Auctions in 2012 & 2013 Expected volumes and calendar, February 2012.
30. The maximum appointment duration for any auction platform is five years.
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In December 2011, the European Investment 
Bank started the monetization of Phase-3 EUAs 
under the “NER 300,” a program focused on 
supporting the deployment of commercial low-
carbon demonstration projects (primarily car-
bon capture and storage (CCS) and innovative 
renewable technologies). The program will be 
funded from the sale of 300 million EUAs from 
the Phase III New Entrants Reserve (NER) of 
the EU ETS. The European Investment Bank 
(EIB) was chosen by the European Commission 
and member states as the agent to conduct the 
sale, with the responsibility for monetizing the 
first tranche of 200 million allowances within 10 
months of delivery (an indicative volume of sales 
of 20 million allowances per month).31 

3.3 a quiCk reView oF The 
suppleMeNTariTy liMiT For 
oFFseTs iN The europeaN sCheMe

Phase III of the EU ETS also marks a substan-
tial reduction in the relative volume of inter-
national credits that are eligible for compli-
ance purposes. A total of 1,400 million tons 
of CERs and ERUs are eligible for compliance 
by installations during Phase II of the scheme, 
representing approximately 13% of the aver-
age allocation in the period 2008-2012 (about 
280 MtCO2e per year). In contrast, the import 
cap for international credits in Phases II and 
III combined (2008-2020), defined under the 
revised EU ETS Directive, is approximately 
1,700 MtCO2e, corresponding to an average 
supplementarity limit of 6%, or less than half of 
the average supplementarity limit in Phase II.

As broadly known since 2009, during Phase III 
Kyoto credits will no longer be de facto compli-
ance units and their fungibility into EUAs will 
be conditional. In addition, CERs and ERUs is-
sued against emissions reductions taking place 

before 1 January 2013 (CP-1), will have to be 
swapped into EUAs by March 31, 2015. Credits 
issued against emission reductions occurred after 
2012 (CP-2), but generated from projects reg-
istered before December 31, 2012, will be fully 
fungible throughout Phase III.  Finally, CP-2 
credits from projects registered after December 
31, 2012, will only be eligible (and swapped into 
EUAs) if they come from a project in a Least 
Developed Country (LDC) or a country with 
whom the EU has signed a bilateral agreement.32 
These restrictions might have been avoided if an 
international agreement had been reached at the 
COP 15 in Copenhagen.  

The ban of credits from hydrofluorocarbons 
(HFCs) and from adipic acid N2O projects com-
pletes the known list of qualitative restrictions. 
CP-2 credits generated from these projects will 
not be eligible for compliance, while the surren-
der of CP-1 HFC and adipic acid N2O credits 
will only be eligible for Phase II compliance until 
April 30, 2013.  

For further details regarding Phase III of the EU 
ETS, including import volumes and rules gov-
erning the import of offsets into the EU ETS, 
please refer to State and Trends of the Carbon 
Market 2010.33

3.4 did The durBaN ouTCoMes 
ChaNge aNyThiNg For The 
kyoTo oFFseTs iN The eu eTs? 

The COP-17 in Durban in December 2011 
concluded with the adoption of the Durban 
Platform for Enhanced Action. The associated 
Ad Hoc Working Group on a Durban Platform 
for Enhanced Action (AWG-DP) was mandated 
to develop a “protocol, legal instrument, or an 
agreed outcome with legal force” to be adopted by 
2015 and to come into effect and be implemented 

31. Until March 31, 2012, the EIB reported having sold 78.6M EUAs, for a total value of € 670.6 million.
32. For the list of LDCs, see http://ec.europa.eu/clima/policies/ets/linking/docs/def_ldc_en.pdf.
33. Source: Kossoy, A. and Ambrosi, P., State and Trends of the Carbon Market 2010 – “What lies ahead for the EU ETS” and “Annex I: 
Supplementarity under the EU Climate and Energy Package” pages 17 and 63, respectively, June 2010.
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starting in 2020. This outcome raised questions 
in the market as to whether the Durban Platform 
met the requirements of an effective “international 
agreement on climate change” per Article 11a(7) 
of the EU ETS Directive and Article 5(3) of the 
Effort Sharing Decision. Some players initially 
argued that the Durban outcomes were sufficient 
to remove the proposed qualitative restrictions on 
the eligibility of some Kyoto offsets, including 
CP-2 credits from projects registered after 2012 
in countries other than LDCs. 

In response to the debate, the EC in January 
2012 clarified that Articles 11a(7) of the EU ETS 
Directive and Article 5(3) referred to the adoption 
of a future international agreement at the COP-
15 in Copenhagen in 2009 (which did not hap-
pen), and that they “limit”, rather than “broaden” 
the acceptance of CDM credits. The EC added 
that “the adoption of a second commitment pe-
riod of the Kyoto Protocol without a legally bind-
ing agreement for the period beyond 2012 under 
which other developed countries commit them-
selves to comparable emission reductions and eco-
nomically more advanced developing countries 
commit themselves to contributing adequately 
according to their responsibilities and capabilities 
is therefore not an international agreement as re-
ferred to in Article 11a(7) of the EU ETS Directive 
and Article 5(3) of the Effort Sharing Decision.” 
They also said, “Once an international agreement 
is reached, the limitation to CDM credits from 
new projects from the LDCs for the period start-
ing in 2013 continues to apply… Credits from 
projects in LDCs and other countries started be-
fore 2013 will only be accepted if they originate 
from countries that have ratified the agreement.” 
If an international agreement is adopted in 2015, 
even a currently eligible CP-2 credit from a proj-
ect registered by the CDM Executive Board prior 
to December 31, 2012, could become ineligible 
for surrender if deriving from a host country that 

does not ratify the agreement. In practice, this 
means that a CER holder will not know whether 
assets are eligible until their delivery.

The EC has made clear that the current restric-
tions could be expanded if deemed appropriate, 
heightening even more the uncertainties faced 
by project developers and market players hold-
ing Kyoto offsets.   

3.5 eNsuriNg The releVaNCe 
oF The eu eTs iN The eu’s 
oBjeCTiVes To CurB eMissioNs

3.5.1 Many low-carbon initiatives; too many?

The EU has historically taken international lead-
ership in initiatives toward reaching a low-carbon 
economy. Maybe as a consequence of that impe-
tus, however, the parallel establishment of several 
policies and initiatives has raised concern as to 
whether these mechanisms can co-exist without 
undermining one another given the overlaps and 
competing outcomes. 

One example is the UK carbon floor price intro-
duced in March 2011 and set to be implemented 
as of April 2013. The floor price is targeted at fos-
sil fuel power generators and aims to tax the dif-
ference between the price of EUAs and the UK’s 
notional carbon floor price. The purpose of the 
tax is to encourage investment in new low carbon 
generation.34 Although it is acknowledged that 
complementary measures to the EU ETS will be 
needed for the UK to meet its ambitious 80% 
emission reduction target by 2050 (relative to 
1990 levels), some market participants have ex-
pressed concern that the unilateral UK measure 
could potentially result in carbon “leakage.”35 
In addition, if successfully implemented, the 
measure could put downward pressure on EUA 

34. The floor will start at around £16/tCO2e in 2013 and follow a linear path, increasing at around £2/tCO2e per year to target £30/
tCO2 e in 2020, rising to £70/tCO2e in 2030 (in 2009 prices). The “carbon price support rates” (the levy on fossil fuels) will be 
equivalent to £4.94/tCO2 in 2013-2014. Source: HM Treasury. Carbon Price Floor Consultation: The Government Response, March 
2011. In March 2012, the UK administration set the rate for 2014-2015 at £9.55/tCO2e (i.e., about 30% higher than the £7.28/tCO2 e 
previously indicated for the same period).
35. Investment may eventually be relocated to other countries with lower carbon taxes.
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prices due to lower demand from cleaner British 
utilities, and eventually provide a disincentive for 
further EU abatement in the short run. 

An Energy Efficiency Directive (EED),36 pro-
posed by the EC on June 22, 2011, might also 
end up putting downward pressure on EUA 
prices. The aim of the EED is to save energy and 
to reach the EC’s self-imposed target of a 20% 
cut in primary energy consumption by 2020 
(relative to 1990 levels).37 Expected to be imple-
mented by January 1, 2014, the EED is designed 
to incentivize energy efficiency at several stages 
of each member state’s energy chain – from the 
transformation of energy and its distribution to 
its final consumption. The EED defines several 
proposed measures, including: 

•	 Energy distributors or retail energy sale com-
panies across all member states will have the 
legal obligation to save 1.5% of their energy 
sale volumes every year.

•	 Public sector entities will have to purchase 
energy efficient buildings, products, and 
services. In addition, they will also have to 
progressively reduce the energy consumed 
on their own premises by carrying out an-
nual renovation works covering at least 3% of 
their total floor area.

•	 Member states will have to ensure that all 
new thermal electricity generation with total 
thermal input exceeding 20 MW are provid-
ed with equipment allowing for heat recovery 
by high-efficiency cogeneration.

The new EED is designed to lower energy 
consumption and GHG emissions in the EU. 
Similar to the UK floor price proposal, however, 
the measure does not tighten the cap. As a result, 
it will create a surplus of allowances that may po-
tentially push EUA prices down.  

3.5.2 And then comes a set-aside and its 
arduous decision process

Recognizing its possible impact on carbon prices 
and the importance of providing a long-term 
price signal, the EED includes a proposal to set 
aside a number of EUAs from the Phase III auc-
tions as an option to spur low-carbon investment 
and to support carbon prices in the EU ETS.38 

A proposal to set aside EUAs is not new. It was 
first mentioned by the EC in mid-2010,39 and the 
same language used in the EED was inserted in the 
“Roadmap for moving to a competitive low-carbon 
economy in 2050”40 in March 2011. While the set-
aside has been brought on the table by the EC at 
several occasions, the key motivation has evolved 
over time. In 2010 the set-aside was mentioned as 
a way to smooth the transition to a more ambitious 
30% reduction target. In the low-carbon roadmap 
it was mentioned as a tool to neutralize the price de-
pressing effect arising from more aggressive energy 
efficiency measures. In June 2011, and just days be-
fore ascending to a six-month presidency of the EU, 
Poland – a country with high coal-based electricity 
generation – vetoed the Council’s conclusions on 
the EU’s Climate Roadmap for the first time.

36. Source: Proposal for a Directive of the European Parliament and of the Council on Energy Efficiency and Repealing Directives 
2004/8/EC and 2006/32/EC, June 22, 2011 (http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0370:FIN:EN:HTML).
37. Equivalent to 368 million tons of oil equivalent (Mtoe) reduction compared to the projected consumption of 1,842 Mtoe in 2020.
38. “In the implementation of the 20% energy efficiency target, the Commission will have to monitor the impact of new measures on 
Directive 2003/87/EC establishing the EU’s Directive on emissions trading in order to maintain the incentives in the emissions trading 
system rewarding low carbon investments and preparing the ETS sectors for the innovations needed in the future. In this respect, 
appropriate measures need to be considered, including recalibrating the emissions trading system by setting aside a corresponding 
number of allowances from the part to be auctioned during the period 2013 to 2020, should a corresponding political decision be 
taken.” Source: Proposal for a Directive of the European Parliament and of the Council on Energy Efficiency and Repealing Directives 
2004/8/EC and 2006/32/EC, June 22, 2011.
39. The EU Emissions Trading Scheme could reach a 30% emission reductions target by setting aside 1.4 billion allowances in Phase 
III, corresponding to an average reduction of 15% in auctioning rights per member state. Source: Carbon Finance Online, referring to a 
EC communication, May 2010.
40. In order to keep climate change below 2ºC, the European Council reconfirmed in February 2011 the EU objective of reducing 
greenhouse gas emissions by 80-95% by 2050 compared to 1990. The “Roadmap for moving to a competitive low-carbon economy 
in 2050,” published by the European Commission on March 8, 2011, laid out a plan for the EU to meet that target. It indicates that a 
cost effective and gradual transition toward a competitive low carbon economy would require a 40% domestic reduction of greenhouse 
gas emissions compared to 1990 as a milestone for 2030, and 80% for 2050 compared to 1990. http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=COM:2011:0112:FIN:EN:HTML.
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The set-aside discussion could not be more perti-
nent. On April 2, 2012, based on data reported 
by almost 10,000 installations representing 89% 
of EU ETS emissions, verified emissions cov-
ered by the scheme declined 2.4% yoy in 2011. 
Although 19 out of the 26 countries that report-
ed data had reduced their emissions, the larg-
est drops were observed in Finland, Denmark, 
Lithuania, and Sweden. In contrast, the biggest 
increases came from Spain and Romania. The 
fall in emissions was mainly driven by a 3.1% 
decline in emissions from the power sector.41 

The decline translates into an additional surplus 
of about 380 million EUAs in the scheme, now 
expected to be oversupplied by about one billion 
tons until 2020.42

For a draft Directive to become law in the EU, 
it must pass through a tripartite co-decision pro-
cess, involving the initial proposal by the EC, 
followed by negotiation and approvals by the EU 
Parliament and the Council of Ministers.43 What 
follows is a summary of the relevant steps in the 
EED process – those taken and those remaining:

•	 On December 20, 2011, the Environment, 
Public Health and Food Safety Committee 
(ENVI) of the EU Parliament voted favor-
ably to amend the EED in order to withhold 
an amount of EUAs from the EU ETS. The 
amendments included (i) allowing for a set-
aside of 1.4 billion allowances, and (i) a tight-
ening of the annual linear-reduction factor to 
be used to calculate the ETS cap from 2014 
(to 2.25% from the existing 1.74%).44 

•	 Still as part of the parliamentary approval 
process, on February 28 the Industry and 
Trade Committee (ITRE) of the European 
Parliament – which is the lead Parliamentary 
Committee on this Directive – voted on a 

compromise amendment. The ITRE vote 
diluted the amendments previously voted on 
by the ENVI. It left open the possibility of 
a set-aside at some point, but only subject 
to a Commission assessment and no longer 
specifying the number of EUAs that should 
be withheld (“The Commission shall, if ap-
propriate, amend the regulation referred to 
in article 10 (4) of Directive 2003/87/EC 
in order to implement appropriate measures 
which may include to withhold the neces-
sary amount of allowances.”). Moreover, the 
ITRE also left open whether or not any fu-
ture set-aside would constitute a permanent 
or provisional withdrawal of allowances.45 
Some analysts believe the decision on perma-
nence might take a couple of years.

•	 So-called	informal	trilogues	between	the	Council	
of Ministers, the European Parliament, and the 
European Commission are expected to be held 
between mid-April and mid-May, 2012. 

•	 The	next	steps	in	the	process	are	votes	in	the	
Parliament (June 11) and the Council (June 
15). If both the Parliament and the Council 
agree to leaving open the option of a set-aside 
within the Energy Efficiency Directive, this 
would invite the Commission to propose 
withholding a certain number of EUAs from 
the market for the period 2013-20.46

Although several stakeholders have also voiced 
support for a set-aside as a tool to neutralize the ef-
fect of the severe economic recession, which led to 
the oversupply of allowances, this process has also 
raised questions as to whether a regulatory change 
to reduce the oversupply temporarily and support 
carbon prices is worth the risks it creates. Unless 
a permanent cancellation of allowances is agreed 

41. Still, emissions by the largest emitters in the EU ETS (all power plants) increased. Emissions in the Polish state-owned power plant 
Belchatow, the top emitter for the fourth year in a row, increased by 11%. Source: Thomson Reuters Point Carbon. Carbon Market 
Daily, April 2, 2012.
42. Source: Deutsche Bank. EU Emissions: 2011 VED Raises the Pressure, April 4, 2012.
43. European Commission, Co-decision Step by Step (http://ec.europa.eu/codecision/stepbystep/diagram_en.htm).
44. Source: Deutsche Bank. ENVI Vote Underpins Option Value, Global Markets Research, December 20, 2011.
45. The ITRE did not vote to raise the linear-reduction factor used to set the cap. Source: Deutsche Bank. ITRE Vote Underpins Option 
Value, Global Markets Research, February 28, 2012.
46. Source: Deutsche Bank. EU Carbon Markets: Q2: Moment of Truth for a Set-Aside, March 27, 2012.
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upon,47 withholding volumes at the beginning of 
Phase III just to return them later will not change 
the overall supply for Phase III. In addition, some 
market analysts believe that the downside inter-
vention may set a precedent for a similar interven-
tion on the other side when/if prices rise. 

Despite a general consensus against direct price 
intervention in the market and the adoption of 
extraordinary measures introduced on an ad hoc 
basis as short-term fixes,48 market players and 
regulators still agree that a long-term price signal 
is required for the scheme to continue to drive 
low-carbon investment. The deep wounds of the 
economic downturn in EU industrial activity are 
unlikely to heal soon and should lead to a pro-
longed oversupply of allowances in the market. 
The EU would need an average annual 4.3% 
growth in its Gross Domestic Product (GDP) 
from 2013 onward to cancel out the oversupply.49 
In this context, the adoption of specific targets 
for 2030 and beyond (i.e., the 2050 Roadmap) 
would provide the long-term trajectory required 
to sustain confidence in the market mechanism 
and promote low-carbon investment. 

Finally, subject to the same concerns regarding 
the credibility risk resulting from short-term 
market interventions, other alternatives that 
have been suggested by market participants in-
clude restoring the scarcity initially conceived 
for the EU ETS through the adoption of tighter 
caps beyond 2020 and mandating an EUA price 
floor. While the former is extremely unlikely 
to gain political traction, the latter could be 
achieved through the adoption of a reserve price 
in the Phase III auctions.50 It would remove the 
downside risk and provide a transparent signal 
to the market of the EU’s long-term low-carbon 

trajectory. It is expected that the collapse in car-
bon prices has reduced revenues from EU ETS 
auctions by the order of €100bn to 2020.51 
However, in light of the current oversupply in 
the market, a reserve price for auctions could 
only be implemented if accompanied by the set-
aside or it could freeze investors’ purchases of al-
lowances at the auctions. In the absence of a con-
sensus for a set-aside, a reserve price could still be 
evaluated in the context of wider carbon market 
reforms. Other possibilities discussed include the 
establishment of a carbon central bank.52

During the Informal Environment Council meet-
ing on April 19, 2012, the European Climate 
Action Commissioner announced that aiming to 
achieve a smooth transition to the third phase of 
the EU ETS starting next year the Commission 
the EC would produce a first annual report on 
the functioning of the European carbon market 
and conduct a review of the auction time profile 
for Phase III. This review could lead to a propos-
al to amend the EU ETS Auctioning Regulation 
before the end of the year with the aim to auc-
tion fewer allowances in the early years of phase 
III.53 This provisional withdrawal of allowances 
in the beginning of Phase III could represent an 
easier way compared to a change in the EED, to 
restore longer-term scarcity in the EU ETS, as 
its approval would only require qualified major-
ity in Climate Change Committee (Comitology 
Procedure).

During the discussions on supply-side manage-
ment, prices have remained volatile as market par-
ticipants nervously reacted to each new announce-
ment or rumor. A market analyst summarized this 
by saying that “this perhaps reflects how desperate 
EU ETS participants have become when they are 

47. A permanent cancellation or removal of allowances would require a change to the EU ETS Directive, to reduce the emissions cap to 
2020 and then cancel a volume of EUAs in the set-aside consistent with the new cap, while a set-aside to be reintroduced should only 
require a change of the Auction Regulation, i.e., a lighter regulatory process.
48. These could reduce the predictability of the scheme, and undermine support for and trust in it. Source: Centre for European Policy 
Studies, The EU Emissions Trading Scheme as a Driver for Future Carbon Markets, 2012.
49. Panel discussion hosted by the European Energy Exchange (EEX) on “The European Carbon Market in 2012,” March 2012. 
50. Although the “reserve price” is foreseen in the existing ETS Auctioning Regulation, it can only be used to align auction clearing price 
with the going secondary market price and not to impose a price higher than the secondary market price.
51. Source: Climate Strategies, Strengthening the EU ETS - Creating a stable platform for EU energy sector investment, March 2012.
52 Sources: Deutsche Bank. EU Energy: ETS Reform Should Not Be Set Aside, April 12, 2012.
53 http://ec.europa.eu/commission_2010-2014/hedegaard/headlines/news/2012-04-19_01_en.htm
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reduced to reacting to the possibility of a decision 
to recommend a study into potentially making a 
proposal at some point in the future.”54    

3.6 iNFrasTruCTure aNd MarkeT 
iNTegriTy: The iMporTaNCe oF 
BeiNg seCure 

After VAT fraud and CER recycling, in 2009 and 
2010 respectively, the EU ETS in early 2011 saw 
a wave of cyber-attacks targeting its registry infra-
structure. At least three million units were stolen 
from national registries,55 accounting for roughly 
0.15% of overall emissions allowances (€50 mil-
lion).56 Fraudsters used classic cyber-criminality 
techniques57 to access accounts in several national 
registries and to transfer allowances, perhaps ben-
efiting from weak security safeguards and the speed 
of transaction execution. To prevent further attacks, 
the European Commission suspended all registries 
on January 19, 2011. They were reopened gradu-
ally, after each country provided sufficient evidence 
its registry met minimum security criteria. The final 
registry (Lithuania) reopened a full three months 
after the first suspension.

3.6.1 Market response: a spot market in 
dormancy

Although the national registries subjected to 
cyber-attacks quickly published lists of serial 
numbers58 of allegedly stolen carbon units, these 
were only based on the incidents actually pub-
licized by account holders and thus brought no 

guarantee of being exhaustive or up to date. The 
risks perceived by market participants were two-
fold.  First, a criminal liability risk for possession 
of the stolen carbon units was exposed.  Second, 
an economic risk, because it was unclear whether 
the current holder would have to return them 
to the initial holder. The confusion amongst 
market participants was worsened by the lack of 
harmonization across the EU over the legal clas-
sification of carbon units as a type of property 
and the absence of a mandate for the European 
Commission to centralize information and pub-
lish the list of allegedly stolen allowances.59

Spot trading was suspended on most exchanges, 
ahead of or right after the European Commission 
closed the national registries.  ICE delisted dai-
ly EUA and CER contracts, which are yet to 
be reintroduced as of April 2012.60 The Green 
Exchange also suspended its Daily EUA con-
tract. It re-listed it in April 201161 – forbidding 
delivery of those allegedly stolen carbon units 
reported by national registries – but saw only 
1,000 EUAs traded throughout the rest of the 
year.62 BlueNext resumed spot trading in May 
2011, after strong market model revamping. The 
applied security measures consisted of limiting 
trading to carbon units, the origin of which had 
been verified and legitimated prior to joining the 
platform.63 Although this initiative allowed ex-
change-based spot transactions to resume in the 
EU ETS, the restrictions kept liquidity and vol-
umes at lower levels than they were before the cy-
ber attacks. To handle spot trading, some market 
participants turned to over-the-counter bilateral 

54. Source: JEFCO2 Flash Note, January 24, 2012.
55. Thefts were reported in Austria, Czech Republic, Germany, Greece, Italy, and Romania.
56. Source: De Perthuis, Christian. Carbon markets regulation: The case for a CO2 Central Bank, Climate Economics Chair, 2011.
57. Two types of cyber-attacks were used: “Phishing,” which consists of duping an account holder to obtain confidential access 
information (e.g., a fake official e-mail or Web site), and “hacking,” which are direct attacks on registries using Trojan horse-type viruses to 
break into the account structure.
58. And, subsequently, a number of carbon exchanges.
59. Source: Sartor, O. Closing the door to fraud in the EU ETS. CDC Climat Research, 2011.
60. Source: ICE Clear Europe. Circular 11/007-Suspension of trading in EUA and CER Daily Futures Contracts. January 19, 2011.
61. Green Exchange also suspended futures contracts for March 2011 delivery. Source: Green Exchange, Delisting of In Delivery 
Month European Union Allowance (EUA) Futures Contract (codes EAF and 6T) for delivery in March 2011. CME Group, Advisory 
notice, March 10, 2011.       
62. Source: Green Exchange, Suspension of Trading and Force Majeure Declaration with Respect to Daily European Union Allowance 
(EUA) Futures (code EUL) Contract. CME Group, advisory notice, January 19, 2011.
63. Under a so-called “Safe Harbor Initiative,” the carbon units which are candidates to join BlueNext’s trading platform must enroll in a 
two-step verification process. First, the exchange identifies each transfer that the unit has been subject to up to the account it originates 
(i.e., state’s account (EUA, ERU) or CDM Registry (CER)). Second, each transfer identified must be declared legitimate by an authorized 
representative of the account that the transfer was initiated from.
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transactions with well-known counterparties (see 
Section 3.7.3), deploying purchase agreements 
with new liability clauses for the seller to com-
pensate the buyer should the transacted units be 
subject to claims in the future. Interestingly, no 
such disruption was observed on the exchange-
based Futures and Options market, with vol-
umes growing during 2011 (see Section 3.7.2). 

The security measures set up by the exchanges 
consisted of a consolidated list of allegedly stolen 
carbon units prohibited for delivery at settlement 
of the relevant exchange contracts. Although this 
brings no guarantee that the units delivered will 
not be subject to claims in the future, market 
participants appear to have deemed the risk as 
marginal.64  

64. We estimate that roughly 215 million EUAs and 63 million CERs were delivered at expiration of the December 2011 contracts across 
the different exchanges. This accounts for 5% and 7% respectively of the total volumes exchanged for those contracts since inception, 
which is comparable to previous year’s figures (e.g., 5% EUA and 4% CER in 2010). If market participants had perceived any risk over the 
units to be delivered, we believe they would have closed long open positions, or rolled them over to the December 2012 expiry.

box 1: Trading around the risk of receiving stolen allowances
By Peter Zaman, Partner, Reed Smith.

Any market will face the risk of attracting criminal elements if the market is poorly regulated and 
provides the opportunity for criminal elements to act with ease.  For reasons well known to all, the 
EU ETS market faced such challenges between 2010 and 2011, the impact of which is still felt 
today with the continued suspension of exchange-based spot trading.  

To their credit, market regulators woke up to the weaknesses that the criminal elements were ex-
ploiting and took rapid steps to try to eradicate them. Most of these steps are incorporated into the 
technical changes introduced via the Registries Regulations; others, in particular those relating to 
the future regulatory treatment of carbon units, are still being finalized. In a very short period of time, 
the EU ETS market will notice a sea change in both the way it operates its trading activities as well 
as the way such activities are regulated. While it remains to be seen just how effective these new 
rules will be in securing the market, the overall position is likely to be much improved – especially 
once trading transitions to the new Union Registry in the middle of 2012. That said, one must 
assume that the determined efforts of cyber attackers cannot be prevented indefinitely. A risk of 
receipt of stolen allowances will continue to exist, even when trading transfers to the Union Registry.

The biggest issue faced by market participants following their receipt of stolen carbon units in 2010 and 
2011 arose from the legal uncertainty as to what type of legal property right they should be classified 
under.  For example, where a person receives stolen goods, the laws of a member state will know under 
what circumstances the receiver of the goods will or will not acquire good title to those goods. This is 
because in most jurisdictions there is a specific or established legal framework dealing with goods and 
it is generally known whether a particular type of property is or is not a good. If the property in question 
is not a good (e.g., if it is a dematerialized instrument), there is likely to be a different legal framework that 
would be applicable to determining the question of whether good title may be received by the receiver.

The issue facing the market was the lack of certainty as to which of these various legal frameworks a car-
bon unit fell within. This is because there was almost no national level determination and no EU-wide de-
termination of what type of property right a carbon unit is. Even if the legal classification was established 
in one member state, once the carbon unit moved across the border to another registry it became subject 
to the laws of that member state – and the issue would need to be settled in accordance with the conflicts 
of law rules between those two member states. In short, no certainty could be gained as to determining 
the legitimacy of a claim for the return of the stolen carbon units by the victim of the cyber theft. This led to 
inertia in the market, most immediately reflected in the unwillingness of market participants to trade spot 
carbon credits. Rather curiously, the volume of futures contracts was less impacted.  
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box 1: Trading around the risk of receiving stolen allowances (continued)

Rightly or wrongly, a perception exists that spot trading is riskier than futures trading in carbon units. 
The accuracy of this perception can be argued both ways. On the one hand, exchange-based spot 
trading was unregulated; as a result, participation in exchange-based spot trading did not invite 
the same degree of regulatory supervision as the futures markets. Given that many exchanges that 
offered futures products also offered spot products, and the requirements for participation in the 
exchange did not wildly differ between the two products, it is not clear that the lack of regulation 
of exchange-based spot trading was any more dangerous that futures trading. Similarly, the shorter 
settlement life of a spot transaction reduces the credit risk exposure faced by counterparties com-
pared to those trading futures. However, given that most exchanges maintain margin collateral for 
their futures exposures, comfort is drawn from this against executing such trades.

In terms of the legal uncertainty that would arise where a counterparty would receive stolen carbon 
units, however, the issue would be the same whether they were received under a spot transaction 
or a futures transaction. The only difference is volumetric, in that for a futures contract the risk arises 
only on the settlement date of that contract; whereas, for a spot contract with a T+2 settlement, 
the risk arises each time a spot trade settles. This creates the risk of a legal issue occurring more 
frequently.

The solution proposed by the regulators in Article 37 of the Registries Regulation does not solve 
the legal property question but rather leaves it to be answered by national laws. In the absence of 
a common approach adopted by all member states this maintains the status quo problem. That is 
not to say that Article 37 does not give some guidance to member states as to how a carbon unit 
should be viewed under its national laws. For example, Article 37 invites member states to treat 
carbon credits as fungible units to which the crediting of those carbon credits in an account in the 
Union Registry is meant to “prima facie” represent evidence of title. Further, a purchaser of a carbon 
unit for value in good faith should receive good title to that carbon unit even where the seller himself 
did not have good title.  Unfortunately, Article 37 goes on nonetheless to allow the national laws of a 
member state to continue to apply as long as the impact of such laws does not lead to the unwind-
ing of a settled delivery of a carbon unit. For example, equitable claims (such as those raised in the 
recent English case of Armstrong DLW GmBH v. Winnington Networks Limited) may continue to 
be available to victims of the thefts to pursue against the holders of allegedly stolen carbon units.  

Although Article 37 has improved the position of the receiver of an allegedly stolen carbon unit, 
its benefits seem to be available only after the Union Registry is fully operational and trading has 
migrated there. It is understood that exchanges that have suspended their spot offerings are likely 
to re-engage with the market once the transition to the Union Registry has been completed. This is 
clearly a positive reaction to the efforts of the regulator. Similarly, in the context of the OTC markets, 
IETA and EFET have both adopted uniform language in their latest standard market documentation 
that deals with the allocation of the risk of receipt of stolen carbon units between the buyer and the 
seller. It relies on the regulator’s approach of introducing Article 37 to give protection to innocent 
purchasers and, at its core, is recognition that the best way to prevent the market from becoming 
frozen with fear of receipt of stolen carbon units is to reduce the risk of the claim in the first place. 
This is not to say that some claims will not arise, but the circumstances in which they arise, will now 
depend on the strength of the protections that Article 37 affords the holder of stolen carbon units.

If the exchanges also adopt the solution introduced in the OTC markets, the management of risk for 
dealing with stolen carbon units would be greatly mitigated.
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3.6.2 Regulatory response: enhanced registry 
infrastructure 

Since the first Registry Regulation65 in 2004, sev-
eral amending texts have been introduced to re-
spond to the challenges faced by the EU ETS and 
to adapt to its evolutions.66 Accurate accounting 
and transaction integrity within the EU registry 
system currently relies on two texts: the 2010 
Registry Regulation,67 which replaced the 2004 
text as of January 1, 2012, and the 2011 Registry 
Regulation,68 passed in November 2011, which 
sets the new registry functioning rules for the 
third phase of the EU ETS. The 2011 Registry 

Regulation also contains provisions that amend 
the 2010 Registries Regulation in response to the 
January 2011 cyber-attacks (see Table 2).

In addition, in 2012, the EU will fully decou-
ple its registry operations from the National 
Registries established under the Kyoto Protocol 
and centralize technical management in a Union 
Registry (UR) built as a single infrastructure and 
operated by a single software. 

The Community Independent Transaction 
Log (CITL) currently automatically checks, 
records, and authorizes all transactions of EU 

measure description application date

enhanced 
control for 
account 
opening

stronger and harmonized know-your-Costumer (kyC) checks.  The 
following document must be provided and certified by the competent 
authorities:  id, certified power of attorney, company registration 
certificate, VaT registration number, financial statement, and domiciliation 
certificate.

 November 2011 
(enter into force of 
the 2011 registry 
regulation).

enhanced 
transactions 
security

- Two-factor authentication (e.g., login and password + sMs/ token/
certificate).

- Four-eye principle (two authorized representatives).
-  out-of-band confirmation of transactions (e.g., sMs).
- 26-hour delay is applied at initiation of a transfer.  does not apply to 

transfers to a trusted account.
- Transfers can be initiated anytime but they are processed between 

10am and 4pm CeT from Monday to Friday.
- Trusted account list.* 
- New account categories with flexibility over application of transaction 

security measures.*

activation of the 
union registry 
(expected 
mid-2012).
*available after the 
summer.

strengthened 
registry 
oversight 

-  registry administrators can suspend access to their registry, and/or 
blocks transfers upon suspicions of security breach or fraud.

- european police office (europol) has permanent access to data stored 
in the union registry and european union Transaction log (euTl).

November 2011 
(enter into force of 
the 2011 registry 
regulation).

enhanced 
protection of 
the good faith 
acquirer

- Non-display of the serial numbers of allowances.  For kyoto units, 
only the country code and project number is visible.  access limited to 
registry administrators.

- Full fungibility of allowances (substitutability).
- irrevocability of transfers.
- acquisition in good faith will gives full entitlement to purchased 

allowances.

activation of the 
union registry 
(expected 
mid-2012).

Source: World Bank, European Commission.

table 2: 

New registry 

security Measures 

in the eu eTs

65. Source: European Commission, Commission Regulation (EC) No 2216/2004 of 21 December 2004 for a standardized and 
secured system of registries, 2004.
66. Source: Rapin, D. Sécurité des registres et transactions, Club Tendances Carbone, CDC Climat Research, June 2011.
67. Source: European Commission, Commission Regulation (EC) No 920/2010 of October 7, 2010 for a standardized and secured 
system of registries, 2010.
68. Source: European Commission, Commission Regulation (EC) No 1193/2011, November 18, 2011, establishing a Union Registry for 
the trading period commencing on January 1, 2013, and subsequent trading periods, of the Union emissions trading scheme, 2011.
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ETS-compliant instruments (EUAs, CERs and 
ERUs) that take place between accounts in the 
national registries of its 27 Members States, plus 
those of Norway, Iceland, and Liechtenstein (see 
Figure 2). The International Transaction Log 
(ITL) performs the same functions on Kyoto 
units (AAUs, RMUs, CERs, ERUs etc.) between 
the national registries of Annex B countries. As 
EUAs are currently tagged AAUs, and thus Kyoto 
units, their transactions are also overseen by the 
ITL.  The activation of the Union Registry (UR) 
necessitates the full migration of all EU ETS par-
ticipants’ accounts from the national registries to 
the UR National accounts. National registries 
must remain active and linked to the ITL until 
2015 for the purpose of Kyoto compliance. They 
will be kept separate in a Consolidated System 
of European Registries (CSEUR). All EU ETS 
compliance units (EUAs, aEUAs, CERs, ERUs) 
will be traded within the UR and overseen by 
the EUTL, and only Kyoto Units (CERs and 
ERUs) will be subject to ITL controls. Each na-
tional registry administrator will be in charge of 

its country’s accounts within the UR, and man-
age the EU ETS participants’ accounts that fall 
within its jurisdiction.

3.6.3 Market oversight review: toward 
classifying carbon as a financial instrument

In the EU ETS, most secondary market transac-
tions involve derivatives contracts.70 Such trans-
actions fall under the scope of EU financial regu-
lation, and thus are protected by strict integrity 
and transparency requirements. These are mainly 
specified in the Markets in Financial Instruments 
Directive (MiFID), which sets transaction re-
porting obligations, and the Market Abuse 
Directive (MAD), which allows national super-
visory authorities to take measures against ob-
served market abuse (i.e., market manipulation 
and/or insider dealing).71 Although the primary 
auction market – through which States sell emis-
sion allowances – does not fall under financial 
regulation, the Auctioning Regulation sets a spe-
cific oversight framework with similar integrity 

*tCERs and lCERs refer to temporary CERs generated from Land-Use, Land-Use Change, and Forestry (LULUCF) CDM projects.
Source: World Bank, European Commission, Clifford Chance,69 BlueNext

figure 2: 

eu registry 

infrastructure: 

transition to the 

union registry

69. Zaman, P. Changing times: Trading carbon in Phase 3 and the fallout from cyber thefts, Clifford Chance, 2011.
70. Derivatives contracts are financial instruments whose value derives from that of an underlying asset.
71. Other requirements cross-referencing to MIFID are set in the provisions of the Anti-Money Laundering Directive and the Settlement 
Finality Directive.

current eU ets infrastructure Union registry activation (mid-2012)
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and transparency measures. Secondary market 
spot transactions involving emission allowances 
and Kyoto credits, however, do not benefit from 
any regulatory supervision.72 In a December 
2010 Communication to the Parliament, the 
European Commission called for consideration 
of two options to address this existing gap.73 The 
first option would consist of classifying carbon 
units as financial instruments. The EC took 
the opportunity of the ongoing reviews of both 
MiFID and MAD throughout 2011-2012 to 
integrate them into the list of financial instru-
ments, with necessary adjustments to avoid 
knock-on effects.74 The second option would cre-
ate a new oversight regime “tailor-made” to the 
specificities of spot carbon trading. Despite in-
dustry’s concerns over the inclusion of carbon in 
MIFID,75 emissions allowances and Kyoto cred-
its were added to the proposal to revise MiFID 
submitted by the EC to the European Parliament 
and Council in October 2011.76 

Financially regulated entities must conform to 
organizational, operational, and reporting obli-
gations,77 and thus may bear the implied com-
pliance costs. To illustrate, financially regulated 
entities are subject to risk-based capital require-
ments, which mandate them to maintain a mini-
mum capital reserve, and therefore limit cash 
availability for production and investment. In 
addition, intermediation activities are subject 
to Know-Your-Customer (KYC) standards (i.e., 
established customer due diligence procedures). 
Current proposals would exempt ETS opera-
tors from compliance obligations to the extent 
that spot carbon trading is for their own ac-
count and remains ancillary to their core activ-
ity. Intermediation services in spot trades would 

however require investment firm status under 
MiFID rules. The impact on carbon market 
participants of these changes cannot be fully as-
sessed as of today as a number of aspects are still 
under discussion. For example, the limit between 
proprietary trading and intermediation may be 
tested for those energy groups that include car-
bon procurement in their power sales contacts 
with covered industrials. It is also still to be deter-
mined if carbon offset originators will fall under 
the financial regulation. Votes by the Economic 
and Monetary Affairs Committee (ECON) and 
in a plenary session of the Parliament are expect-
ed in July and September 2012 respectively. The 
revised directive would enter into force in 2013.

3.7 eu allowaNCes: The 
NuMBers BehiNd The growiNg 
TradiNg VoluMes

EUA transactions in 2011 reached US$147.8 
billion (€105.7 billion), representing an 11% 
yoy increase compared to US$133.6 billion 
(€101.1 billion) in 2010. The increase was led 
by a 16% yoy increase in the volumes traded. A 
total of 7.9 billion EUAs were traded in the mar-
ket in 2011, compared to 6.8 billion EUAs the 
previous year. The increase in volumes was partly 
offset by a 4% decline in prices.  The weight-
ed average EUA price fell from US$19.7/ton 
in 2010 to US$18.8/ton in 2011. The decline 
was more pronounced in the asset’s official cur-
rency (Euros), falling from €14.9/ton in 2010 to 
€13.5/ton in 2011 (10% decline). Prices contin-
ued to fall in the first months of 2012, reaching 
historic lows of €6.2/ton in early April.78

72. Spot transactions through a regulated market platform are subject to the financial regulation.
73. Source: European Commission, Communication to the European Parliament, Towards an enhanced market oversight framework for 
the EU Emissions Trading Scheme, December 2010.
74. Source: European Commission, Discussion paper in view of a European Climate Change Programme (ECCP) stakeholder meeting 
on carbon market oversight organized by the commission services, May 2011.
75. Source: International Emissions Trading Association, IETA Response MiFID Consultation, February 2011.
76. Source: European Commission. Proposal for a Directive of the European Parliament and of the Council on markets in financial 
instruments repealing Directive 2004/39/EC of the European Parliament and of the Council, October 2011.
77. Source: Patay, M. Alberola, E. Le marché secondaire sous régulation financière: la MiFID. Club Tendances Carbone, CDC Climat 
Research, March 2012.
78. Historic low prices during Phase II of the EU ETS based on ICE Daily futures on April 2, 2012. Prices were not tracked after this date.
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3.7.1 The primary EU Allowance market

About US$1.7 billion (€1.2 billion), or slightly 
more than 1% of the total EUA market value, was 
represented by EUAs sold in the primary market 
by European governments through auctions or 
direct sales. About 92.9 million EUAs were sold 
by eight governments in 2011. Germany and the 
UK combined to be responsible for 77% of the 
total volume, or 71.4 million tons (see Figure 3).

3.7.2 A Shrinking spot market

Following the security issues discussed in Section 
3.6, many market players had to rethink their 
trading strategies. The spot market, which to-
taled US$7.5 billion and represented 7% of the 
EUA market in 2008, dramatically increased to 
US$26.8 billion in 2009 (22% of all EUAs in 
the market that year). This was partly explained 
by the VAT fraud volumes; however, its value 
steadily declined in the following years. Last 
year, spot EUA trades totaled US$2.8 billion, 
or 2% of the EUA annual trading value. The 
decline in EUA spot trade value becomes even 
more evident if the total sale of primary EUAs by 
most member states is excluded. About US$1.2 
billion, or 42% of the EUA spot value in 2011, 
consisted of primary EUA transactions.

In 2011, EUA futures volumes grew by 32% 
yoy to 7.0 billion EUAs, valued at US$130.8 
billion (see Figure 4), representing over 88% of 
all EUA transactions. Options on EUAs contin-
ued to expand, totaling US$14.2 billion in 2011 
(representing 10% of EUA transaction value), a 
US$13.6 billion increase on 2008 values when 
options represented US$0.6 billion (1% of EUA 
transaction value at the time).     

3.7.3 Increasing bilateral trades 

Transactions in the EU ETS may follow several 
different paths. Negotiations may happen within 
(e.g., screen transactions) or on off-exchange plat-
forms. The latter may still be intermediated by 
brokers or cleared on the exchanges (see Figure 5). 
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About 15% of all trading volume in the sec-
ondary spot and futures markets – for both EU 
Allowances and offsets (i.e., CERs and ERUs) 
– has been reported as realized bilaterally and 
not intermediated (i.e., not through brokers nor 
cleared on the existing European exchanges). 
These transactions are represented with the sym-
bol “*” in Figure 5.79 

In 2011, with the occurrence of stolen EUAs, 
another significant change was observed in the 
modus operandi of the market. A portion of spot 
allowance and offset volumes previously traded 
over the counter (OTC) or on an exchange was 
migrated toward bilateral transactions. These 
transactions are mainly composed of trades be-
tween utilities or financial players with their cli-
ents, many of them industrials with limited or no 
access to exchanges due to the high fees and strin-
gent access rules. The shift occurred as exchanges 
exercised increased scrutiny (which certain market 
participants viewed as cumbersome) in an effort 
to contain market oversight. In addition, some 
players reported favoring long-term relationships 
with trustworthy commercial partners. More 
broadly, bilateral transactions have been reported 
as enabling large volume transactions and reduc-
ing administrative complexity (e.g., no exchange 
or brokerage documentation and fees).

Bilateral trades reached over US$17.3 billion 
worth of transactions in the secondary EUA 
market (i.e., excluding the volumes sold by 
member states), or a 15% increase yoy, and 
US$2.9 billion for secondary Kyoto offsets, an 
18% growth yoy.  

Most transactions during 2011, however, were ex-
change-based screen trades. Following a steady in-
crease since 2005, screen trades for EUAs, CERs, 
and ERUs combined to represent 49% of all trade 
values, reaching US$82.9 billion in 2011.80 OTC 
trades reached 39% (most cleared at the exchang-
es); bilateral trades, 12%81 (see Figure 6).
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79. The data for the screen and exchange-cleared transactions are obtained from the exchanges. The data for the OTC transactions 
are obtained from brokers. In order to avoid double counting for the OTC transactions cleared at exchanges and obtained from both 
exchanges and brokers, the authors count the largest among the two data on a daily basis.
80. Primary EUAs were treated separately and are not included in these numbers.
81. Bilateral overall values are lower than 15% since options markets are exclusively traded through OTC or exchanges. 

types of transactions

negotiation within 
exchanges†

negotiation outside exchanges

Cleared at exchanges Not cleared

intermediated‡ Not intermediated& intermediated# Not intermediated*

† Exchange-based: assets negotiated within the exchanges’ platform i.e., screen)
‡ Over-the-Counter (OTC): assets negotiated outside the exchanges, with the intermediation of brokerage firms, still cleared at exchanges
# Over-the-Counter (OTC): assets negotiated outside the exchanges, with the intermediation of brokerage firms, not cleared at exchanges
& Billateral: assets negotiated bilaterally (buyers and seller), without intermediation of brokerage firms, still cleared at exchanges
* Billateral: assets negotiated bilaterally (buyer and seller), without intermediation of brokerage firms, not cleared at exchanges
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3.7.4 Who is trading, how, and why they trade 

The EU ETS witnessed a substantial number 
of transactions in 2011 originated by few large 
players. Throughout the year, a handful of the 
largest players were responsible for approxi-
mately one third of all trades in the scheme. 
The process of market consolidation that com-
menced a few years ago and continued in 2011 
has accentuated this process. Large players con-
tinued to acquire under-valued portfolios from 
smaller (including cash-strapped) players and 
rapidly expanded their market positions and 
influence.     

At the time that compliance becomes less rel-
evant than trading opportunities, it is not sur-
prising that some large non-EU players are in-
volved in the market. In 2010 and during the 
first half of 2011, about 10% of volumes traded 
in the EU ETS were reportedly originated from 
outside the EU block. Engagement by non-
EU players in the market, however, shrunk 

alongside the first signs of the pricing crunch 
in mid-2011. Their exit has also contributed to 
the accentuation of the decline in prices. 

With the increasing share of futures and options 
in the carbon market, sophisticated trading tools 
(including financial and macroeconomic indices, 
statistical algorithms, and model forecasts) are be-
ing used to inform decision making. Some of the 
parameters include the correlation between car-
bon and other energy-related commodities (e.g., 
power prices in Germany as the largest economy 
in the EU and with utilities representing the larg-
est buyer sector in the scheme), gas-coal switch 
costs in Europe (i.e., clean dark and clean spark 
spreads),82 and open interest (reflecting market 
moves and players’ future expectations).83

The following text and figures provide further 
details as to how the above-mentioned and other 
indices and parameters are considered by traders 
in their search for profit opportunities and port-
folio adjustments (see Box 2).  

82. Among key indicators are the clean dark spread and clean spark spread. The former refers to the theoretical gross margin of a coal-
fired power generator from selling a unit of electricity after paying for the cost of fuel and carbon allowances. High clean dark spreads in 
practice mean that coal-fired generation is economically viable, considering both fuel and EUA prices. The clean spark spread is a similar 
indicator that refers to the theoretical gross margin calculation for a gas-fired generator.
83. Open interest refers to the total number of open contracts, and it applies to the futures and options market. It is often used to 
confirm trends and trend reversals. An increase in open interest along with an increase in daily prices indicates an upward trend. 
Similarly, an increase in open interest along with a decrease in prices indicates a downward trend. An increase or decrease in prices 
while open interest declines indicates a possible trend reversal.

box 2: within the trades
By Carine Hemery, Energy Market Analyst, Orbeo

The EU ETS, the main carbon market in the world, operates in 30 countries and covers CO2 emis-
sions from installations such as power stations and industrial factories. In order to anticipate the 
behavior of the compliance buyers and sellers, major traders follow several indicators that play on 
carbon price dynamics.

Due to the design of Phases II and III, it is estimated that the industrial sector is mainly in excess 
of allowances while the utilities sector faces a shortage.  In the EU ETS, the power and heat sec-
tor has a crucial role in influencing supply and demand. As utilities are the main players in this 
market, their need for carbon allowances and their buying strategies influence a lot the evolution of 
carbon prices. Utilities are the most active participants in the market and their behavior influences 
the evolution of carbon prices. as the evaluate their carbon needs in line with their energy mix. 
Furthermore, utilities can decide whether to sell part of their power production on the forward mar-
ket (up to three years) as a way of managing the risk linked to price fluctuations and the associated 
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box 2: within the trades (continued)

impact on their revenue. When they sell their power forwards to get rid of price risk, utilities relate 
the sales to their anticipated generation.  In effect, they commit plants and technology clusters 
of their production fleet and make the sales correspond to types of plants according to their ma-
turity and the shape of the power delivered (baseload, mid-merit, peak). Then, according to merit 
order (which depends on the relative competitiveness of fuels at the time of the decision), large 
coal or baseload gas plants (CCGT) are hedged. Companies that sell power forwards generally 
simultaneously buy the required inputs (coal, gas, and carbon), reflecting a management practice 
to secure the generation margins as they sell their power. 

Utilities, therefore, have to hedge their carbon emissions. For arbitrage purposes, utilities look 
at their margin and follow the evolution of clean spark spread and clean dark spread. First, if 
spark and dark spreads increase, utilities take advantage of higher margins and sell more power 
forwards to take advantage of improving clean spreads. This should in turn increase demand for 
carbon allowances and support carbon prices. Market traders following these indicators could 
decide to buy allowances in order to take advantage of rising prices. Second, traders follow the 
gap between clean dark and clean spark spreads. If the clean spark spread is above the clean 
dark spread, and if this discrepancy increases, utilities have more incentive to produce electricity 
via gas plants (CCGT) as clean spark spreads evolve in favor of gas use. In this case, utilities 
should emit less CO2 and their demand for carbon allowances should decrease, pushing prices 
down. In this case, traders could decide to sell EUAs in order to capture the anticipate price drop.

Utilities closely follow the evolution of European energy prices in order to take advantage of im-
proving margins. Therefore, European energy prices are one of the main drivers of carbon prices. 
Over time, this link evolves and is more or less important. In order to follow this relationship, trad-
ers look at the evolution of the correlation between carbon prices and European energy prices 
(European gas or power prices). For example, if the correlation is high between European gas 
(Next season NBP gas) and carbon (Dec12 EUA), traders analyze the fundamental picture (e.g., 
weather, storage level, and so forth) of the European gas market in order to anticipate the evolu-
tion of gas prices in the short term and trade directly on the carbon market.
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box 2: within the trades (continued)

Regarding the industrial sector, the surplus of allowances depends mainly on the industrial pro-
duction and the economic activity across Europe. Indeed, following the 2008 financial crisis, 
Europe entered into a recession and industrial activity fell strongly. European emissions from the 
industrial sector decreased drastically, generating an excess of allowances. This led industrials to 
sell their excess carbon allowances and pushed carbon prices down. Traders follow key economic 
indicators, including those published weekly and/or monthly the Eurozone Purchasing Managers 
Index (PMI), industrial new orders, and expected gross domestic output (GDO) growth. If these 
indicators are improving or better than market expectations, traders anticipate that European 
economic activity should increase the need for allowances by industrials and push carbon prices 
upward. Traders expecting this dynamic either buy allowances or decide to wait to sell.

The carbon market is more and more traded and liquid. Traders use techniques applied in equity, 
oil, and other very liquid markets. Technical analysis is one of the best known techniques and is a 
method for forecasting price movements based on the study of past price movements. This meth-
od is based on several indicators of estimated past prices and several charts of prices over time 
in order to define the future trajectory. The main indicators are the Moving Average Convergence-
Divergence (MACD), the Relative Strength Index (RSI), and the Slow and Fast Stochastics. The 

value of these different in-
dicators relative to target 
levels indicates whether the 
contract is overbought or 
oversold. If several indica-
tors show that the contract 
is overbought, then prices 
should fall. As is shown in 
this chart, Slow Stochastics 
and MACD give profitable 
buy or sell signals. Traders 
following these indicators 
would sell carbon allowanc-
es from date A, anticipating 
that carbon prices should 
fall in the coming days or 
weeks.
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3.8 seCoNdary oFFseTs:  
sMaller Figures, siMilar 
paTTerNs

In 2011, the value of secondary CER and ERU 
transactions combined rose 12% yoy to US$23.1 
billion (€16.6 billion), compared to US$20.5 
billion (€15.6 billion) in 2010. Traded volumes 
rose by a robust 43% yoy to 1.8 billion tons, 
compared to 1.3 billion tons in 2010. 

Despite secondary CER and ERU traded vol-
umes increasing, prices fell dramatically in 2011, 
particularly during the second half of the year. 
The decline in offset prices was much more 
pronounced than for EUAs. The weighted av-
erage price for CERs and ERUs combined fell 
21% from US$16.2/ton (€12.3/ton) in 2010 to 
US$12.8/ton (€9.2/ton) in 2011. Having hov-
ered around €13/ton in April and May of 2011, 
CER prices landed slightly above €4/ton by year 
end, after hitting consecutive lows almost on a 
weekly basis in the previous three months. 

The accentuated decline in Kyoto offset prices led 
to a widening of the CER versus EUA spread. The 
price of a secondary CER at year end was slightly 
above 60% of the EUA price, having started 2011 
at 86% of the EUA price. The spread continued to 
widen in the first months of 2012 and for the first 
time ever, in early February, secondary CER prices 
reached levels below 50% of EUAs.84  

In 2011, CERs continued to represent the bulk 
of secondary Kyoto offset transactions, totaling 
US$22.3 billion, or 97%. In the previous year, 
the nascent ERU market had represented only 
0.5% of the total Kyoto offset trading value.

3.8.1 Myths and facts

In the past, many have attributed declining CER 
prices to a decline in the CER issuance (i.e., low 
CER liquidity would damage its credibility as an 
effective compliance asset in the EU Scheme), as 
well as to an increase in the CER issuance (i.e., 
accentuating the oversupply in the market). 
Also, many have attributed both low and high 
temporary CER-EUA spreads to pushing CER 
prices down.

To date, the price of Kyoto assets is almost en-
tirely driven by the EU ETS; this is a one-way 
street. The proportion of CERs and ERUs in the 
EU Scheme is limited (i.e., about 1.7 billion tons 
until 2020, representing about 6% of the overall 
EU ETS cap for the same period), and their eligi-
bility is uncertain until their usage. In addition, 
it is clear that the supply of CERs and ERUs will 
be much greater than their import limit into the 
EU Scheme, and that these credits will be avail-
able much earlier than the expiration of their 
eligibility period (i.e., CP-2 credits from projects 
to be registered prior to the end of 2012 are, in 
principle, eligible until 2020).  

The truth is that short-term issuance rates or 
momentary trading dynamics have limited influ-
ence in the long-term Kyoto asset prices. Unless 
the CER price is sufficiently low (relative to the 
EUA price) to account for the incremental risk 
of importing them, demand for CERs will de-
cline (in favor of less risky EUAs). Furthermore, 
the supplementarity limit under the EU ETS 
is quickly being exhausted. Once it is reached 
(and most analysts forecast this period to be 
reached in the next 1-3 years),85 the  CER and 
ERU volumes, expected to be in billions of tons, 
will require much more than the welcome but 
insufficient demand coming from the nascent 
Australian market.

84. ICE Daily futures on February 8, 2012, reached €8.13 and €4.06 for EUAs and CERs, respectively.
85. CDC Climat Research recently forecasted that the demand for CERs and ERUs will be saturated by 2013-2014. Source: “Valentin 
Bellassen, Nicolas Stephan and Benoît Leguet. Will there still be a market price for CERs and ERUs in two years time? CDC Climat 
Research, Climate Brief n°13, March 2012.
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3.8.2 Futures market with the lion’s share 

As in the EUA market, the bulk of secondary 
CERs and ERUs were traded in the futures mar-
ket.  Secondary CER and ERU futures volumes 
increased by 56% yoy to almost 1.7 billion tons 
in 2011, representing 92% of secondary offset 
volumes traded (and the same percentage was 
observed for CERs and ERUs when evaluated 
separately). The value of the secondary offsets 

traded in the futures market reached US$21.2 
billion in the period (out of the total secondary 
offset trading value of US$23.1 billion).

Secondary CER and ERU futures volumes in-
creased by 122% compared to 2008 – when this 
market started gaining traction alongside the in-
crease in CER issuance (see Figure 7).  

3.8.3 What spreads can tell 

A clear trend can be observed in the price dif-
ferential between those CERs that are eligible in 
Phase III of the EU ETS (i.e., so-called Green 
CERs) and those CERs that will not be eligible. 
The spread between the two asset classes more 
than quadrupled from January 2011 to date,86 

indicating that the market is pricing in these 
qualitative restrictions.87

The narrow spread between CERs and ERUs re-
flects less liquidity in the latter asset. The spread 
between the two asset classes has risen by only 
€0.05 since January 2011 (see Figure 8).88 
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86. As of April 2012.
87. Source: Spot prices from BlueNext.
88. Data reflect prices collected until early April 2012.
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3.9 aViaTioN: The poleMiC New 
kid oN The BloCk

3.9.1 Background:

The Kyoto Protocol states: “The Parties in-
cluded in Annex I shall pursue limitation or 
reduction of emissions of greenhouse gases not 
controlled by the Montreal Protocol from avia-
tion and marine bunker fuels, working through 
the International Civil Aviation Organization 
and the International Maritime Organization, 
respectively.”89 

Although discussions on how to reduce global 
emissions from aviation have evolved under 
the auspices of the International Civil Aviation 
Organization (ICAO),90 only very recently has 
some progress been made.91 Meanwhile, the 
global GHG emissions released from the avia-
tion sector increased by more than 40% between 
1997 and 2008. According to ICAO, the bulk 
of emissions in the sector still come from inter-
national flights (62%).92 In addition, despite the 
fast growth of international aviation emissions in 
developing countries, particularly in Asia, emis-
sions in industrialized countries account for 65% 
of total emissions in the sector.93 Thus, including 
the aviation sector in the EU Emission Trading 
Scheme (EU ETS) represents the first significant 
regulatory initiative to cap CO2 emissions in this 
sector and address the issue at scale.

In addition, since 2002 the European Council has 
repeatedly called on the European Commission 
(EC) to propose action to reduce the climate 
change impact of international air transport. At 

the ICAO’s 36th Assembly held in September 
of 2007, and recalling that the 1944 Chicago 
Convention on International Civil Aviation 
(“Chicago Convention”) expressly recognizes 
the right of each contracting party to apply on 
a non-discriminatory basis its own air laws and 
regulations to the aircraft of all States, the mem-
ber states of the European Community, and 15 
other European States reserved the right under 
the Chicago Convention to enact and apply 
market-based measures on a non-discriminatory 
basis to all aircraft operators of all States provid-
ing services to, from, or within their territory.

Thus, on November 19, 2008, Directive 
2008/101/EC of the European Parliament and 
of the Council amended Directive 2003/87/EC 
that had established emissions trading in the 
European community, so as to include aviation 
activities in the scheme as of January 1, 2012. 
The Directive states: “Aviation contributes to the 
overall climate change impact of human activities 
and the environmental impact of greenhouse gas 
emissions from aircraft can be mitigated through 
measures to tackle climate change in the EU and 
third countries, especially in developing coun-
tries, and to fund research and development for 
mitigation and adaptation including in particu-
lar in the fields of aeronautics and air transport.”

The Directive also allows some flexibility, giving air-
lines from other countries the option of seeking alter-
native ways to reduce or mitigate airline emissions: 
“The Community and its Member States should 
continue to be in contact with third parties during 
the implementation of this Directive and to encour-
age third countries to take equivalent measures. If a 

89. The Kyoto Protocol to the UNFCCC of December 11, 1997.
90. ICAO is a specialized agency of the United Nations created in 1944 to promote the safe and orderly development of international 
civil aviation throughout the world.
91. In October 2010, the ICAO Assembly adopted Resolution A37-19, aiming to include a 2% annual fuel efficiency improvement up to 
year 2050 and a medium-term goal of stabilizing global CO2 emissions at 2020 levels. Measures to meet these targets include improving 
the fuel economy of new planes; replacing less-efficient aircraft; improving the operation of existing flights in ways that economize on 
fuel; development of a global CO2 certification standard for aircraft; and facilitating the development and deployment of sustainable 
alternative fuels for aviation. The ICAO Assembly also agreed on a set of guiding principles for the design and implementation of market-
based-instruments, such as minimizing carbon leakage and market distortions, avoiding double charging for aviation emissions, and 
fair treatment of aviation relative to other sectors. Source: Keen, M., Parry, I., and Strand, J. Market-Based Instruments for International 
Aviation and Shipping as a Source of Climate Finance, 2012. 
92. All flights between EU Member States are considered to be international flights.
93. Source: Keen, M., Parry, I., and Strand, J. Market-Based Instruments for International Aviation and Shipping as a Source of Climate 
Finance referring to ICAO, 2009 (data from 2007), 2012.
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third country adopts measures, to reduce the climate 
impact of flights to the Community, the Commission 
can adopt implementing legislation to exempt in-
coming flights from that country to provide for op-
timal interaction between the Community scheme 
and that country’s measures, after consulting with 
that country.”94

3.9.2 Rules and participants:

The EU Emissions Trading Scheme (EU ETS) 
was launched in 2005 as one of the pillars of the 
Union’s efforts to combat climate change. The 
inclusion of the aviation sector from January 1, 
2012 onward represents a new step in the imple-
mentation of the EU ETS.  

All flights that arrive at or depart from an EU 
airport are included in the EU ETS. Some ex-
ceptions apply, including commercial air trans-
port operators that operate for three consecutive 
four-month periods with fewer than 243 flights 
per period; flights with total annual CO2 emis-
sions below 10,000 tons per year; and military, 
firefighting, humanitarian, emergency medical 
service, and training flights.  

In addition to the 27 EU member states, the 
scheme for aviation also covers Iceland and 
Norway.95 Croatia will be included in 2013 to 
the extent that the country accedes to the EU.96

A large number of the airline operators affected 
by the EU ETS are of non-European origin. As 
a result, the inclusion of aviation is also a major 

test of the EU’s proactive climate policy of en-
gaging other countries to participate in a global 
low-carbon economy.

Although included in the scheme in 2012, air-
line operators will be required to join the other 
European compliance installations, offset, and 
report their actual annual emissions for the pre-
vious year in March 2013 only.97 Different from 
other ETS sectors, the 2020 target for aviation 
is not set at -21% from 2005 levels. In 2012, 
the aviation sector has to reduce its emissions by 
3% compared with its average historical annual 
emission (2004-2006), between 2013 and 2020, 
the sector will have to reduce its annual emis-
sions by 5% per year.

The allocation of the allowances or emission permits 
– called EU Aviation Allowances (aEUAs) – to air-
craft operators will be mostly free of charge,98 with 
15% of the allowances put up for auction. Starting 
in 2013, 3% will be set aside for new operators and 
to assist aircraft operators with sharp increases in 
the number of tons of kilometers performed (i.e., 
fast-growing airlines).99 The number of allowances 
to be auctioned in each period by each member 
state will be proportionate to its share in the total 
attributed aviation emissions for all member states 
for the reference year reported. For the period from 
January 1 to December 31, 2012, the reference 
year shall be 2010; for each subsequent period, the 
reference year shall be the calendar year ending 24 
months before the start of the period to which the 
auction relates. Other rules include:

94. “The EU is firm on the implementation of its aviation ETS legislation, while engaging positively in the International Civil Aviation 
Organization (ICAO)’s accelerated work on market-based measures. This work under ICAO should move beyond discussions in order 
for decisions to be made to limit global aviation emissions. The EU cannot suspend its legislation. However, our legislation foresees 
flexibility to exempt incoming flights to take into account action by third countries. Furthermore, we will review and possibly amend our 
legislation if and when an agreement on market-based measures is found in ICAO.” Statement by Mr. Jos Delbeke, Director-General 
for Climate Action, February 8, 2012, and following a speech at the conference A New Flightplan - Getting global aviation climate 
measures off the ground, February 7, 2012.
95. Already integrated in the European civil aviation market through the European Economic Area (EEA; 1994), on June 21, 2011, 
Iceland and Norway also signed an agreement adopting the Civil Aviation Agreement between the U.S. and the EU.
96. Switzerland is not covered, but the country is currently in negotiations with the EC on linking its domestic emissions trading scheme 
to the EU ETS starting in 2013. If the two schemes are linked this would include the aviation sector. Source: Thomson Reuters Point 
Carbon, Carbon Market Monitor, November 4, 2011. 
97. On January 30, 2012, the European Commission has partially activated the new Union Registry to enable access for aircraft 
operators.
98. Allocations to all commercial airlines with significant operations to or from the EU are published at http://ec.europa.eu/clima/policies/
transport/aviation/allowances/links_en.htm.
99. If unused by the end of the period, the aEUAs set aside for the special reserve will be auctioned to airlines.
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•	 At least 15 months before the start of each pe-
riod the Commission shall calculate and adopt 
a decision setting out (a) the total quantity of 
allowances to be allocated for that period; b) 
the number of allowances to be auctioned; (c) 
the number of allowances in the special reserve 
for aircraft operators; and (d) the number of 
allowances to be allocated free of charge (i.e., 
the difference between the sum of b and c, and 
the total).

•	 Within three months from the date on which 
the Commission adopts a decision, each ad-
ministering member state shall calculate and 
publish the total allocation of allowances for 
the period (and for each year) to each aircraft 
operator whose application was submitted to 
the Commission. The allocation will be based 
on performance benchmarks.  

•	 By February 28, 2012, and by February 28 of 
each subsequent year, the competent author-
ity of the administering member state shall 
issue to each aircraft operator the number of 
allowances allocated to that aircraft operator 
for that year.

•	 aEUAs can only be used by airline operators 
to account for their emissions,100 whereas EU 
Allowances (EUAs), which are issued to the 
existing power and industrial plants, are eli-
gible for compliance by all sectors covered by 
the cap-and-trade scheme, including opera-
tors in the aviation sector.

•	 Aviation operators are allowed to use ERUs 
and CERs to comply with their obligations 
under the scheme. For the 2012 compliance 
period, aircraft operators may use CERs and 
ERUs up to 15% of the number of allowances 

they are required to surrender. Under Directive 
Article 11a, airlines can carry over their 15% 
offset entitlement from 2012 into subsequent 
years. For subsequent periods until 2020, the 
usage of CERs and ERUs is set at a minimum 
of 1.5% of verified emissions.101

•	 All revenues from auctioning aviation allowanc-
es are to be used on climate-related initiatives.102

3.9.3 How representative is aviation within 
the EU ETS?

In 2008, the aviation sector accounted for 4% 
of total CO2 emissions from fuel combustion in 
the EU, and 13% of emissions from all transport 
sources. In 2012, around 4,000 airlines are expect-
ed to increase the emissions covered by the EU ETS 
by approximately 223 MtCO2e,103 representing 
11% of covered emissions. The aviation sector will 
therefore become the second largest economic sec-
tor in the EU ETS after energy generation. It is es-
timated that aviation emissions in the EU ETS will 
rise above 300 MtCO2e in 2020, indicating a much 
more dynamic growth rate than other sectors. This 
year, based on its historic emissions, airlines using 
EU airports receive 213 million aEUAs, and 208.5 
MtCO2e per year from 2013 onward.104 About 
180 million aEUAs (i.e., 85% of the total), will be 

“The aviation sector will therefore become 
the second largest economic sector in 
the eu eTs after energy generation.”

100. Installations from other sectors covered by the EU ETS cannot use aEUAs for their own compliance since the Kyoto Protocol does 
not cover emissions from aviation.
101. Source: Directive 2009/29/EC of the European Parliament and of the Council of April 23, 2009.
102. Revenues “should be used to tackle climate change in the EU and third countries, inter alia, to reduce greenhouse gas emissions, 
to adapt to the impacts of climate change in the EU and third countries, especially developing countries, to fund research and 
development for mitigation and adaptation, including in particular in the fields of aeronautics and air transport, to reduce emissions 
through low-emission transport and to cover the cost of administering the Community scheme. The proceeds of auctioning should 
also be used to fund contributions to the Global Energy Efficiency and Renewable Energy Fund, and measures to avoid deforestation.  
Member States shall inform the Commission of actions taken pursuant to this paragraph.” Source: Directive 2008/101/EC of the 
European Parliament and of the Council, November 19, 2008.
103. Source: Deutsche Bank, EU Emissions: Scoping the Cap over Phase 3, February 3, 2012.
104. “Based on average annual historical aviation emissions for the period 2004-2006, the number of aviation allowances to be created in 
2012 amounts to 212,892,052 tons (97% of historic aviation emissions), and the number of aviation allowances to be created each year 
from 2013 onwards amounts to 208,502,525 tons (95% of historic aviation emissions).” Source: Questions & Answers on historic aviation 
emissions and the inclusion of aviation in the EU’s Emission Trading System (EU ETS), press release, Europa Web site, March 7, 2011. 
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box 3: The point of view of a market player: the right pathway to address aviation emissions 

By Pierre Albano, Head of Environment, Air France

aviation achieved outstanding track record in reducing carbon intensity

Aviation has achieved CO2 efficiency improvements unparalleled in other transport modes. A jet 

aircraft coming off the production line today is over 70% more fuel efficient per passenger seat 

kilometer than one delivered in the 1960s. Aircraft operators, manufacturers, airports, and air navi-

gation service providers are joining forces in a comprehensive strategy to further improve emis-

sions efficiency. But the 1.5 to 2% annual improvement achieved with best available and foreseen 

technologies and procedures is not enough to offset the 4 to 5% annual growth of the air transport 

demand. The aviation sector is determined to do its fair share to address the global challenge of 

climate change and, in 2008, and the whole industry committed to cap net aircraft emissions from 

2020 onward and work to achieve the ambitious goal of a 50% reduction in net emissions by 2050 

compared to 2005 levels.  

allocated for free to airlines in 2012.  From 2013-
2020, the level of free allocations will decline by ap-
proximately 3%, and operators will receive about 
170 MtCO2e in free allowances per year. The 3% 
of free aEUAs will be set-aside in a special reserve.

Still, airline operators are expected to be short of 
allowances in 2012 and through the entire period. 
The sector’s overall requirement has been estimat-
ed at about 400 MtCO2e over the period from 
2012 to 2020.105 Assuming the price of Kyoto 
offsets will remain lower than the price for allow-
ances and that they will be available in sufficient 
amounts, the sector should use those assets up 
to the import limit, reaching a demand of up to 
around 63 MtCO2e until 2020. These numbers 
are likely to be lower, though, as fuel efficiency 
gains reduce CO2 emissions from aircraft.106

Depending on airlines’ decisions on how much 
to pass on the additional cost to end users, the 
cost of a flight per passenger could rise by €2-
12 (US$2.66-15.96).107 Other studies refer to 

a potential increase in the range of 1.3-6.5%.  
However, the possibility of passing through 
these costs to consumers depends on the price 
elasticity of demand for aviation tickets108 as well 
as to the extent to which airlines are exposed to 
competition. Some U.S. airlines have recently 
announced a US$3 increase in their tariffs for 
flights to Europe.

Airline companies are expected to enter the mar-
ket gradually, depending on the extent of their 
compliance requirements, even though the low 
carbon price is already spurring them to some 
action. Lufthansa and Air France-KLM have 
already joined European exchanges (i.e., EEX 
and BlueNext, respectively) as part of their trade 
strategies. In addition, it has been reported that 
the international airline partnership Star Alliance 
will likely tender for a broker this year to help its 
members buy CO2 permits; Air France-KLM, a 
member of rival group SkyTeam, has said its alli-
ance partners would give a right of first refusal to 
each other when selling allowances.

105. Deutsche Bank estimates the aviation net EUA demand at 390 MtCO2 (EU Emissions: What is the Value of a Political Option, 
November 29, 2011); CDC Climat Research estimates 420MtCO2 (Aviation in the EU ETS: ECJ clears the runway, Tendances 
Carbone #65, January 2012).
106. It is estimated that technological improvements will reduce CO2 emissions by between 1-2% per year from 2010 to 2020. 
Optimization of passenger load factors and use of sustainable alternative jet fuels available by the end of the decade can add another 
5.5% reduction in the sector CO2 emissions. Source: De Perthuis, C., Jouvet, P.A., Climate Economics in Progress 2011, 2011.
107. Source: Thomson Reuters Point Carbon, citing information from the EC, Carbon Market Daily, December 21, 2011.
108. If the price of aviation increases by 10%, then the quantity demanded will decrease by 6% to 14%. Source: Faber, J., Brinke, L., 
The Inclusion of Aviation in the EU Emissions Trading System, September 2011.
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box 3: The point of view of a market player: the right pathway to address aviation emissions (continued) 

aviation can only be a net carbon credits buyer
Transporting people and goods, aviation provides an essential service and brings enormous benefits 
to communities and economies around the globe. This mission was enshrined in the preamble of 
the Chicago Convention governing international aviation since 1946. Demand for air transport is 
not expected to decline. In the near future, no breakthrough technology for low carbon aircraft or 
fuel is foreseen and the actual emissions can only continue to grow. Meeting its emissions targets 
and closing the gap will therefore require the aviation sector to turn to the use of available mitigation 
measures outside the sector through the full and unrestricted access to the global carbon market. 
No doubt aviation will remain a net carbon credit buyer until biofuels and new-generation technolo-
gies are broadly deployed.

aviation in the eU ets
Aviation is an ultimate global and interconnected industry. Any mechanism, be it a carbon offset or 
cap and trade, can only be efficiently developed at the global level. Governments, meeting in the 
United Nation’s specialized agency for aviation (ICAO) have not reached any agreement on a global 
framework. The difficulties and slow pace of progress are not different from those encountered 
within the global climate negotiations dividing developed and developing nations. Considering the 
lack of progress, the European Union unilaterally decided to include international aviation in the first 
of its kind regional ETS. Although this type of instrument is relevant to aviation, as recognized by 
ICAO, the EU ETS is fiercely opposed by almost all non-EU countries. Indeed, the EU ETS is the 
legal framework for the EU’s independent commitment to reduce its emissions. In this context, it is 
hardly conceivable for non-EU countries to let their nationals contribute to meeting the EU’s self-
imposed targets, particularly while they have not been part of the decision whatsoever.

Beyond the sovereignty issue, aviation being a net buyer means that international operators are 
invited to purchase permits from other EU-based sectors, thus ultimately financing de-pollution in-
vestments within Europe. China or India for instance already prohibits their airlines from complying 
with the EU ETS obligations and, in many countries, countermeasures and restrictions on European 
airlines are being  considered.  

icao must be the solution provider
An aggressive unilateral EU position would raise the risk of a major trade conflict; in a sector interna-
tional by nature, multilateralism must prevail. Governments have a key role to play in ICAO in agree-
ing upon a global regulation for international aviation emissions. The current momentum, especially 
after the Durban unanimous commitment for a legally binding treaty by 2015, must help in finding 
a mechanism, hopefully based on a much-needed global carbon market, for adoption at the ICAO 
Assembly in autumn 2013.

The EU ETS is the law. Although a compromise solution must be found, in the meantime airlines will 
start trading carbon credits on EU market.

 

 

For additional information, please refer to Annex 1: International Reaction to Aviation in the EU 
ETS.
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SECTION4
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Market instruments under the UNFCCC

4.1 dUrban climate negotiations and policy evolUtion   
The seventeenth Conference of the Parties (COP 17) to the United Nations Framework 

Convention on Climate Change (UNFCCC) took place in Durban, South Africa in 

December 2011. While the outcome provides no guarantee that the UNFCCC 2°C tar-

get will be reached, it represents a political commitment to resolve critical issues that 

were far from certain prior to the meeting. 

Three key results formed the backbone of the 
Durban Platform for Enhanced Action that 
brought Parties to agreement. These include: (i) 
provision for the Kyoto Protocol (KP)’s second 
commitment period to become a reality, with 
agreement that the necessary decision to that ef-
fect will be adopted at COP 18; (ii) the launch of 
the Green Climate Fund to scale-up long-term 
climate finance to developing countries; and 
(iii) provision for a roadmap toward a global le-
gal agreement on climate change by 2015 (the 
“Durban Platform”). These key decisions – along 
with other elements of the Durban Agreement 
(see Box 4), particularly relating to new mecha-
nisms – signaled continued confidence in the 
UNFCCC process as the forum to address global 
climate change and contribute momentum to-
ward climate action.  

While the provision on the second commitment 
period to the Kyoto Protocol represents an impor-
tant milestone, it still requires eventual accession 
or ratification by the requisite number of parties 
to enter into force. Until then, the Kyoto Protocol 
Second Commitment Period will operate under 

“provisional application.”109  Under this provi-
sional legal framework, the second commitment 
period is to start on January 1, 2013, and con-
clude at either the end of 2017 or 2020 (yet to 
be decided). The scale of ambition and quantified 
GHG targets (referred to as quantified emission 
limitations or reductions objectives – QELROs) 
of Annex I Parties is to be determined at the end 
of 2012. The provisional framework was a further 
important milestone for the continuation of the 
Kyoto Protocol’s Clean Development Mechanism 
(CDM) with no gap when the current phase con-
cludes at the end of 2012.

The second commitment period is expected to be 
limited to the 27 Parties forming the European 
Union (EU), as well as Norway, Switzerland, and 
Iceland. Croatia will also join upon its ascension to 
the EU. While Canada decided to withdraw from 
the KP late 2011, Japan, and the Russian Federation 
remain signatories of the KP but have already com-
municated their intention not to participate in its 
second commitment period.  Australia and New 
Zealand have yet to confirm their intention to rati-
fy the second commitment period.110 

109. “Provisional application is a recognized technique in treaty law by which states undertake to apply a treaty pending its entry into 
force” – Vienna Convention on the Law of Treaties Article 25. It is designed to prevent legal gaps between successive treaty regimes 
and allows states to provisionally apply legal obligations that are largely the same as if the treaty were entered into force.
110. No decision has been taken by the two countries at the time of writing this Report.
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The effectiveness of the decision on the KP’s sec-
ond commitment period has further come into 
question due to the lack of agreement on the car-
ryover of Assigned Amount Units (AAUs) from 
the first to the second commitment periods. This 
issue has the capacity to affect the scale of ambi-
tion considerably and is to be the subject of ne-
gotiations at COP 18 in December 2012.

Perhaps most critically, the Durban Platform 
launches a process to develop a “protocol, le-
gal instrument, or agreed outcome with legal 
force...to come into effect and be implemented 

from 2020” that is applicable to “all parties.”111 
These negotiations are to be completed no lat-
er than 2015 and to come into effect by 2020. 
Negotiators wrestled over this language until 
past the COP deadline to forge the compromise 
considered essential to the formation of the next 
phase in a global climate agreement.

The Durban Platform also calls for an ambitious 
rise in the level of mitigation, to be informed by 
the scientific assessment of the Intergovernmental 
Panel on Climate Change (IPCC). In addition 
to making progress on mitigation, the Durban 

box 4: key elements of the durban decisions

•  The Durban Platform for Enhanced Action. By 2015 a “protocol, legal instrument, or an agreed 
outcome with legal force” will be defined, to be implemented by 2020.

•  The Kyoto Protocol will see a second commitment period from 2013 until either 2017 or 2020. 
Annex I Parties participating in the 2nd commitment period are to submit information on their emis-
sions targets (quantified emission limitations and reduction objectives - QELROs) by May 2012 
with a decision to adopt them to be taken in December 2012. NF3 is an additional gas under this 
2nd period. 

•  The Green Climate Fund will start operations with the World Bank as interim trustee and the 
UNFCCC and Global Environment Facility as interim secretariat. It will be accountable to and 
function under the guidance of the Conference of the Parties. The GCF will help scaling up long-
term financing for developing countries – rising to US$100 billion per year by 2020.

•  The Adaptation Committee is to start work by defining what information is to be incorporated into 
National Adaptation Plans.

•  The modalities and procedures of the Technology Executive Committee (TEC) to assist technol-
ogy development and transfer have been approved.

•  There is agreement to develop general guidelines for measurement, reporting, and verification 
(MRV) of domestic actions in developing and developed countries.

•  Modalities and Procedures for a New Market Mechanism (NMM) operating under the guidance 
and authority of the COP to be considered by the COP in December 2012.  A decision on a 
framework for various approaches, including market-based approaches not developed under the 
UNFCC, will also be considered.

•  Further CDM improvements to increase efficiency, scale, and outreach confirmed, using stan-
dardized baselines, PoAs, and simplified additionality approaches. Carbon capture and storage 
projects are now eligible. The materiality standard was completed. 

•  Modalities for countries to submit reference levels for REDD+ were agreed. Decision on REDD+ 
financing allows for both public and private financing for REDD+, including recognizing that mar-
ket-based approaches may be developed in the coming years.

111. The reference to “all parties” is significant in that is signals a break from the categories of “Annex I” (those parties – developed 
countries and economies in transition – with emissions obligations) and “non-Annex I” (those parties – developing countries - without 
emissions obligations) that characterizes previous UNFCCC decisions. It reflects the need for global action, beyond mitigation by the 
developed countries and economies in transition, to achieve the ultimate objective of stabilizing GHG concentrations in the atmosphere to a 
level below 2ºC above pre-industrial levels deemed necessary to prevent dangerous human-made interference with the climate system. 
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Platform identifies the need to ensure progress on 
other key negotiating issues, namely adaptation, 
finance, technology development and transfer, 
transparency of action, and support for capac-
ity building. Finally, two other policy discussions 
witnessed significant progress: the continuation 
of the CDM reform and the development of new 
market mechanism.  

The Durban Platform signals sustained interest 
in continuing to improve the effectiveness and 
efficiency of the CDM. Significant progress was 
achieved in Durban toward establishing a ma-
teriality standard in the context of the CDM. 
Parties also agreed to include carbon capture and 
storage (CCS) as an eligible CDM project activi-
ty. A high-level policy dialogue on the CDM was 
launched by the Executive Board of the CDM. 

Negotiators also recognized the progress made 
in 2011 to implement the CDM reform deci-
sions taken at the sixth Conference of the Parties 
serving as the meeting of the Parties (CMP6) in 
Cancun (2010) with regard to the following:
 
•	 Standardization: Standardization refers to re-

placing requirements for individual analysis 
of projects by using pre-approved values or as-
sumptions that are deemed applicable to a class 
of projects. The purpose of standardization is 
to promote efficiency and multiplier effects by 
replacing subjective analysis with default ap-
plication criteria. Key achievements in 2011 
in this regard are the a) micro-scale addition-
ality guidelines,112 which allow positive lists to 
determine whether projects are additional; b) 
the UNFCCC’s framework for sector-specific 
baselines, which refers to the standardization 
of baseline emission factors and additionality; 

and c) the guidelines on suppressed demand, 
which allow countries with suppressed de-
mand to define the baseline using predicted 
consumption or production rates rather 
than relying on historic data. The UNFCCC 
Secretariat is currently conducting an assess-
ment of all methodologies to determine what 
elements could be standardized. The standard-
ized baseline framework is also to be extended 
to forestry and transport projects.113 

•	 Streamlining administrative procedures: A 
key example of this is the merger of the two 
procedures to handle post-registration chang-
es (deviations from the monitoring plan and 
project design changes) into one approval step, 
which became effective upon the adoption of 
the new project cycle procedure,114 thus saving 
time and transaction cost. A second example is 
the introduction of risk-based control systems 
that move away from assessing 100 percent (%) 
of cases and relieve the regulator from dealing 
with “straightforward” cases of issuance.115  

Negotiators decided that reform in these areas 
would continue in 2012, including the simpli-
fication of regulations governing Programmes of 
Activities (PoAs). While no major progress on 
PoAs was achieved in 2011, the Durban CDM 
decision provides for opportunities to make 
progress on PoA regulatory reform in 2012. 
Furthermore, ongoing work on standardization 
could prepare the ground for more far-reaching 
improvements on PoAs as well as the project cy-
cle for standalone projects.116 

Major progress was also made on the development 
of new market mechanisms under the Convention 
(UNFCCC).117 This led to a decision on “vari-
ous approaches, including opportunities for using 

112. Source: EB 63, Annex 23, Guidelines for demonstrating of additionality of micro-scale project activities, http://cdm.unfccc.int/
UserManagement/FileStorage/WVI3RN692YMCGLZT40QXBOUA8H5KFP.
113. Source: http://unfccc.int/resource/docs/2011/cmp7/eng/03p01.pdf, p. 7, paragraph 19.
114.  The procedure can be found on the UNFCCC Web site under information for the EB 63 meeting Annotated Agenda, Annex 11 - 
Draft clean development mechanism project cycle procedure. 
115. Source: EB 61 Annotated Agenda, Annex 5 - Assessment report of CDM project cycle operations. 
EB 61 Report, Annex 23 - Guidance for the development, revision and consolidation of standards and procedures related to the CDM 
project cycle (version 01).
116. Source: World Bank. Improving efficiency and outreach of the CDM through standardization, May 2012.
117. Distinct from the negotiations on market mechanisms taking place under the Kyoto Protocol.
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markets to enhance the cost-effectiveness of, and to 
promote mitigation actions,” and provided for (i) a 
framework for treatment of “various approaches,” 
which is understood to cover non-market-based 
approaches as well as GHG crediting programs 
developed outside the UNFCCC; and (ii) the es-
tablishment of a New Market Mechanism (NMM) 
operating under the guidance and authority of the 
Conference of the Parties (with modalities and pro-
cedures to be elaborated).   

Building on the 2010 Cancun decision, the 
NMM is to (i) stimulate mitigation across broad 
segments of the economy (i.e., go beyond a proj-
ect-by-project approach); (ii) safeguard environ-
mental integrity; (iii) ensure a net decrease and/
or avoidance of global GHGs; (iv) assist devel-
oped countries to meet their mitigation targets; 
and (v) ensure good governance and robust mar-
ket functioning and regulation.  

These decisions represent the foundation upon 
which national governments can indicate that 
there is a global consensus toward regional, na-
tional, and local initiatives that help address cli-
mate change, even if the design of a global regula-
tory framework is still not clear. Thus, while the 
Durban outcome in and of itself is not the kind 
of global market that was envisioned in 1997 with 
the adoption of the Kyoto mechanisms, Durban 
leaves open the door to a wider array of market-
based climate-friendly actions. These actions may 
offer the potential to be credited in the future, 
whether through a “new market mechanism,” the 
docking of national actions within other national 

or regional schemes, and/or by devising a means 
to credit other sectoral activities.

At the same time, Durban highlighted the dis-
parities in national preferences and priorities, 
casting uncertainty around the path toward a 
global agreement. These outcomes, in particu-
lar relating to the restricted geographic scope of 
the Kyoto Protocol’s second commitment period 
and prospects for a global deal to take effect in 
2020 only did not satisfy the immediate needs of 
the existing carbon market participants. To this 
extent, the Durban Platform failed to reverse the 
downward spiraling price trajectory that pro-
duced consecutive record lows into early 2012.

4.2 kyoTo FlexiBiliTy 
iNsTruMeNTs

4.2.1 The Clean Development Mechanism

4.2.1.1 At a glance
The primary market for pre-2013 Kyoto offsets 
continued to decline in 2011. The volume of pri-
mary CERs (pCERs) contracted fell 27% year on 
year (yoy) to approximately 91 million tons of 
carbon dioxide equivalent (tCO2e).   As a result, 
the total value of the primary CDM market fell 
by 32% yoy to US$ 990 million (€711 million).     

The sharp decline in market value reflects the 
downward trend in average prices, tracking 
movements in the secondary market. The aver-
age estimated offset price for all CER contracts 
signed in 2011 fell from US$11.8 (€9.1/ton) in 
2010 to US$10.9 (€7.9/ton) (see Figure 9).

As the first commitment period of the Kyoto 
Protocol comes to an end, the above numbers 
become less meaningful, as only one year of con-
tract volumes (and value) can be counted. Thus, 
given the narrow scope of the pre-2013 market, 
a separate analysis is necessary for the post-2012 
segment of the market.  

“These decisions represent the 
foundation upon which national 
governments can indicate that there 
is a global consensus toward regional, 
national, and local initiatives that help 
address climate change”
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The post-2012 market tells a very different story. 
In 2011, the market for post-2012 pCERs grew 
substantially and took over the pre-2013 market, 
at about twice its size. Volumes contracted rose 
to 173 million tCO2e (MtCO2e), equating to a 
63% yoy rise in market value to nearly US$2 bil-
lion (€1.4 billion) (see Table 3).

The contractual terms in the Emission Reductions 
Purchase Agreements (ERPAs) reveal important 
information necessary for understanding the shape 
and form of the current post-2012 primary market 
as well as the trends. The strong conditional prec-
edents imposed by buyers for ERPAs to become 
effective118 encouraged many buyers to sign those 
contracts with the confidence that they would be 
able to exit from their commitments if and when 
needed. Due to the conditional safety clauses and 
without a brighter market outlook, it is unlikely 
that a substantial proportion of these post-2012 
ERPAs will be exercised at the indicative prices and 
volumes established in these documents. 

In addition to the emergence of less-binding pur-
chase obligations, uncertainty surrounding post-
2012 demand and the eligibility of pCERs led 
most buyers to contract volumes using option 
structures.119 As in 2010, a significant portion of 
the primary market in 2011 was transacted us-
ing call options in an effort to manage risk and 
also take positions.120 Options were primarily 

contracted on existing projects, representing the 
CERs not yet transacted in existing ERPAs and 
up to the end of the project’s crediting period of 
10 or 21 (3 times 7) years. The vast majority of 
these were for projects in China. 

118. Refer to the next sections for further details.
119. Since the buyer of an option gains the right but not the obligation to execute, these volumes have not been accounted for in this report. 
120. Although all volumes have been tracked, the authors have decided to only account for firm contractual obligations in this report. For 
further details, see Methodology.
121.  Please note that differences between the numbers reported this year and last reflect the change in the methodology adopted, as 
well as additional information obtained after the last report was released concerning earlier transactions.
122. In order to determine the post-2012 market value, annual volumes were multiplied by either the fixed price in these contracts, or 
by the corresponding December-expiring contract prices (from ICE) in the case of contracts with floating prices. Unless the specific 
discount was reported, a discount equivalent to 15% was applied over December-expiring contract prices for 2010 deals and 25% for 
2011 deals. For further details, see Methodology.
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 2010 2011

  volume (mtco2e) value (Us$ million) volume (mtco2e) value (Us$ million)

pre-2013  124  1,458  91  990 

post-2012  100  1,217  173  1,990 

total  224  2,675  263  2,980 

“without a brighter market outlook, it is 
unlikely that a substantial proportion of 
these post-2012 erpas will be exercised 
at the indicative prices and volumes 
established in these documents.”
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Very few post-2012 projects have been grant-
ed Letters of Approval (LoAs) by the Chinese 
National Development and Reform Commission 
(NDRC)123 for post-2012 CERs. When pro-
vided, volumes in the LoAs implied that CERs 
would be generated until approximately 2015. 
This can be explained by the fact that China has 
indicated its intention to launch a domestic mar-
ket in the next few years; it is assumed by many 
analysts that these credits could provide liquidity 
for this market. In addition, it is likely that, by 
2015, the EU ETS will have reached its import 
cap on international credits. As a result, all post-
2015 volumes reported in China were contract-
ed through options.  

4.2.1.2 Lack of demand determines the new 
contract dynamics
As reported last year, those governments that 
have historically engaged in origination activi-
ties and have been large promoters of the proj-
ect-based primary market have gradually shifted 
their efforts toward the Assigned Amount Unit 
(AAUs) and secondary CER (sCER) markets. 
This is because AAUs deliver predictable vol-
umes (this is important as the first commitment 
period of the Kyoto Protocol comes to an end). 
Similarly, sCERs have minimal delivery risks and 
can be obtained through fast and simple contrac-
tual processes.

Compliance-driven demand for primary offsets 
from the private sector has also dropped substan-
tially. As annual emissions in the EU fell for the 
second time in three years due to weak industrial 
activity, demand for compliance assets as a whole 
also fell. As reported in the section 3, analysts’ 
forecasts estimate that the scheme will be collec-
tively oversupplied by over one billion tons until 
2020, including the exhaustion of the Kyoto off-
sets allowed into the scheme (these forecasts as-
sume that the necessary volume of Kyoto offsets 
will be available in the market at a price lower 
than the EUAs). However, due to the high vol-
ume of CERs and ERUs already contracted by 

EU ETS operators, the residual amount allowed 
into the EU Scheme until 2020 up to its exhaus-
tion is likely to be considerably lower than one 
billion (see Section 3.5.2). If the figures above 
are confirmed, EU ETS operators would thus 
not need to import any additional offsets beyond 
what has already been secured.124 

Finally, the carbon market has continued to con-
solidate (e.g., Carbon Resource Management 
was fully acquired by Vitol in early 2011, and 
Climate Change Capital was acquired by Bunge 
Limited, in February 2012). Project portfolios 
were also absorbed – at sometimes undervalued 
levels – as part of these acquisitions. This shifted 
investment away from new projects and was an-
other contributing factor to the downward trend 
in pre-2012 primary market deals and the conse-
quent buyers’ market that exists today.

The minimal pre-2013 residual compliance de-
mand and signals of oversupply through to 2020 
have also increased the bargaining power of active 
buyers. This has been reflected in ERPAs where 
the terms and conditions increasingly transfer 
offset eligibility risk to the seller. As a result, pre-
2013 project registration and EU ETS eligibility 
have become standard clauses in the majority of 
ERPAs. In addition, more stringent conditionality 
and guarantee clauses have been reported. These 
include pricing realignment with voluntary mar-
ket (or other market) levels and the shift from firm 
commitment into options if the market is not liq-
uid enough to absorb the offsets at the buyer’s dis-
cretion, even if the offsets remain eligible. 

A more-complex dynamic emerged in the sec-
ond half of 2011. As explained above, buyers 
have incorporated the lessons learnt from pre-
2013 ERPAs to negotiate softer and less binding 
post-2012 ERPAs. However, to further mini-
mize risk, several buyers who in the past had an 
incentive to keep contracts operational, sought 
renegotiation of existing ERPA volumes and 
prices. Others simply terminated ERPAs in their 

123. NDRC represents the Chinese designated national authority (DNA) responsible for authorizing the sale of the credits.
124. Still, the achievement of the collective targets does not mean that every operator has reached its targets.
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entirety. Motives and arguments included any 
window of opportunity to be found in the terms 
of unfulfilled contractual clauses, such as annual 
or cumulative delivery volumes. 

It has been reported that many sellers have tried to 
find mutually acceptable compromise solutions 
to deal with these new challenges. In many cases, 
sellers resolved to convert fixed-price contracts to 
floating-price contracts or negotiated post-2012 
offsets in exchange for pre-2013 offsets. Others 
resolved to temporarily hold project verification 
and/or payment of delivered offsets to avoid the 
possibility of price and volume cuts.125 

Some large buyers also reportedly used their size 
and contractual position to impose ERPA renego-
tiations. Having hired the Designated Operational 
Entity (DOE) themselves, these buyers threatened 
to delay verification or cancel the DOE contract. 
Alternatively, by being the sole CDM focal point 
in certain projects, they renegotiated contracts 
based on the fact that the project’s CERs would 
only be transferred upon their sole request, thus 
leaving sellers with no choice other than to accept 
new contractual terms.

A few deals have still been reportedly signed 
above prevailing secondary market prices, main-
ly by governments. Reasons to pay above-market 
prices are that (i) low prices do not secure the 
CER delivery (i.e., projects may not remain com-
mercially viable and collapse before delivering, 
or sellers may be inclined to breach the contract 
when/if prices recover); (ii) low prices would pri-
marily attract riskier projects rather than more 
solid ones – thus increasing the chance for un-
derdelivery; and (iii) low prices would ultimately 
lead to more fundamental questions related to 
the project’s additionality. In addition, some 
large investors had reasons to pay above the 
prevailing market prices, especially when deal-
ing with state-owned companies, since carbon 
would be for them an entry point to negotiate 
much bigger contracts in other sectors.

4.2.1.3 A fading pre-2013 market and a 
promising post-2012 market
Pre-2013: despite many sellers’ preferences for 
fixed-price contracts, buyers were reportedly able 
to negotiate most pre-2013 ERPAs at floating 
prices. As explained in previous reports, the buy-
ers’ preference for floating prices is a clear indica-
tion that downside risk prevails in today’s market. 
Most deals were reportedly signed at 80-95% of 
the spot CER price at the time of delivery.

Those fixed-price ERPAs that were observed in 
2011 were primarily in China where the NDRC’s 
indicative national floor price remains. Overall, 
the pCER price averaged €7.9 and hovered in 
the €7–9 range across the market. Prices fell by 
11% on an annual basis compared to the average 
€8.9 average price in 2010.

Above prices reflect deals almost entirely signed 
during the first half of the year, when sCER 
prices were still being traded in the €11.5–13.0 
range. In the second half of the year, the accen-
tuated decline of sCER prices led both buyers 
and sellers to lose pricing references and origina-
tion activity froze. Buyers were concerned about 
where the bottom line would be. By the end of 
the year, prices had dropped to levels that forced 
project developers to make sure prices were still 
above the underlying project’s marginal abate-
ment cost (i.e., their natural breakeven point).   

At the same time, the very few CP-1 CERs from 
industrial gases – although not eligible for the 
EU ETS after April 2013 – continued to be on 
the radar screen of government buyers that can 
potentially use them until the end of the Kyoto 
Protocol “true up” period in 2015. They were 
purchased either in the primary or secondary 
markets, and prices for these assets followed the 
AAU prevailing prices, which are equally accept-
able as Kyoto compliance assets.  

Post-2012: the weighted average price for post-
2012 primary market deals in 2011 was €8.3, 

125. Similar practices were reported by Thomson Reuters Point Carbon, on CER buyers seek contract rejigs, exits as prices collapse, 
January 6, 2010.
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down from €9.2 in 2010. As already explained, 
in order to estimate the post-2012 market value, 
weighted average prices in this report were cal-
culated using either the fixed prices reported or, 
in the case of ERPAs with floating prices, the 
December-expiring CER prices from ICE for 
each future date (e.g., Dec-13, Dec-14, and so 
on). Then a 25% discount, consistent with mar-
ket practices reported, was applied to the result-
ing prices for those future vintages. Given the 
fact that post-2012 sCERs trade at a premium 
to pre-2013 CERs (i.e., these are CERs eligible 
for the EU ETS Phase III), the weighted average 
prices provided in this report are higher than the 
price in the €6–8 range in the rare fixed-price 
contracts reported, mostly until mid-2011.  

Safety provisions made almost all ERPAs look 
like quasi-options, with extremely few exceptions 
being reported. At the time when many govern-
ment buyers continued to receive clear instruc-
tions to refrain from any exposure to post-2012 
offsets, private sector buyers were responsible for 
the majority of contracts. Still, post-2012 CERs 
continue to be valued at zero by many buyers 
concerned about the possibility of financial loss-
es. Although few ERPAs up to 2020 reported, 
most contracts limited to the end of the project’s 
first crediting period or 2015, whichever comes 
first. In effect, this reduces the overall value of 
ERPA contracts for monetization purposes. 

The unpredictable futures market and the over-
supplied EU ETS led buyers to pursue post-2012 
deals at floating prices. On the other hand, sellers 
seeking finance have indicated a strong prefer-
ence for fixed-price contracts, at least for the ini-
tial years of their contracts. However, in a buy-
ers’ market, very few succeeded to conclude sales 
contracts at fixed prices. As a result, some sellers 
simply chose not to sell. Prices traded in a range 
of 70-85% of the spot CER price at delivery.  

The post-2012 market resembles the early days of 
the carbon market, when activity was primarily 
motivated by either testing ground objectives or 
by first mover opportunities rather than demand 

per se. These market players can benefit from fa-
vorable prices, commercial terms, and the trans-
fer of eligibility risk to sellers. Nevertheless, these 
same low prices and safety provisions undermine 
the possibility for these projects to succeed. Since 
carbon revenues are difficult to forecast and ex-
tremely limited under these circumstances, it is 
challenging to assert that a project would not 
have happened without the CDM, thus ques-
tioning its additionality.

To date, sCER prices represent a natural ceiling for 
pCERs (i.e., the buyers opportunity cost). These 
prices are at the same level – or even at a lower 
level than – what is perceived to be the breakeven 
point for several CDM investments, which repre-
sents the natural floor for pCERs from the sup-
ply (i.e., project developer) side. These conditions 
have created a strong mismatch in pricing expec-
tations between buyers and sellers.  

Current prices and practices provide little incen-
tive for project developers to pursue either new 
CDM credits or pursue issuance from existing 
CDM projects, given that monitoring and veri-
fication costs and CDM fees combined can out-
weigh the risk-adjusted revenues from selling 
CERs, particularly for smaller projects. It is clear 
that a curbed supply will not be noticed, given that 
the EU ETS is largely oversupplied. However, this 
situation undermines the further development of 
this market mechanism and its capacity to direct 
capital toward effective, low-cost solutions.  

4.2.1.4 Who bought and who sold
The decline in pCER prices and looser com-
mercial terms incentivized some private sector 
buyers to capitalize on low-hanging fruits and 
early mover opportunities for both pre-2013 and 
post-2012 CERs. In addition, some government 
buyers remained engaged partly to honor previ-
ous commitments, as did a handful of multilat-
eral and governmental agencies that wound up 
funds close to full subscription.  

China increased its share of pre-2013 transac-
tions to a record 79 million tons or 87% of all 
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volumes contracted in the primary market dur-
ing the year. Paradoxically, since global pre-2013 
pCER transacting volumes shrunk to record 
lows, the volumes contracted in China in 2011 
also represent the lowest volumes in absolute 
terms since 2005. Cumulatively, China has been 
the host to 1.6 billion pCERs or 71% of the 2.3 
billion CERs contracted in the primary market 
since 2005 (see Figure 10). 

Other Asian countries produced about 6% of 
pre-2013 pCER transactions in 2011, followed 
by Africa with 4%. Latin America, a region 
which was the source of almost 20% of the global 
pCERs contracted in 2005, after having almost 
sourced most of its projects in advanced stage of 
development, represented 2% of the market in 
2011 (the same percentage as the previous year).

Although new primary market transactions de-
creased in Latin America, in April of 2012 the 
market welcomed the issuance of the first tempo-
rary CERs in a reforestation project in Brazil.126,127 

The post-2012 market offers a very different 
picture (see Figure 11). China accounted for 
73 million tons or 43% of post-2012 pCERs in 
2011.128 Other Asian countries, including India, 
Vietnam, and Indonesia, accounted for 43 mil-
lion tons or 25% of the volume. Africa emerged 
as a significant newcomer, accounting for 36 mil-
lion tons or 21% of post-2012 CERs. Key coun-
tries included Democratic Republic of Congo, 
Burundi, and Nigeria, among others. Contracts 
based on stronger commitments were reported 
for ERPAs signed in Africa, particularly in Least 
Developed Countries (LDCs), given the eligibil-
ity of these assets in Phase III of the EU ETS. As 
in the pre-2013 market, a smaller market share 
(19 million tons or 11% of the volume) derived 
from Latin American countries.
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126. Over 4 million tCERs were issued in the “Reforestation as Renewable Source of Wood Supplies for Industrial Use in Brazil”.
127. For additional information on land-use activities and investment, please refer to Annex 2: Land-use Carbon
128. As previously explained, much larger volumes were reported in China, but sourced as options rather than purchase agreements.
129. Post-2012 transactions were not being collected prior to 2010.

“africa emerged as a significant 
newcomer, accounting for 36 million 
tons or 21% of post-2012 Cers.”
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The larger interest in Africa comes at a time 
when buyers reiterate their desire to diversify 
the geographic origin of their project portfolio 
in order to reduce their risk exposure to the few 
traditional sellers. The emergence of Africa is also 
becoming increasingly evident in other stages of 
project development. The 46 projects located in 
the Sub-Saharan Africa region that started vali-
dation in 2011 have the potential to deliver al-
most 30 million CERs in the coming years.130 

No significant shift was observed in CDM proj-
ect technologies. Carbon revenues continue to 
leverage relatively low-risk investments in proven 
technologies by improving the marginal rates of 
return and enhance the chances of the projects 
being developed and remaining operational. As 
a result, after almost completely exhausting the 
market for HFCs and N2O, most primary CERs 
in recent years have been generated from wind, 
hydro, and other renewable energy projects. On 
trend with 2010, these projects produced 57 mil-
lion tons or 63% of all pre-2013 CERs in 2011. 
Other prominent project activities included 
energy efficiency, waste management, and coal 
mine methane (see Figure 12).

The post-2012 market looks very similar. 
Renewable energy projects accounted for 97 mil-
lion tons, representing 56% of market share (up 
from 71 million tons in 2010). The largest vol-
umes in 2010 and 2011 came from hydro (34 
million tons or 34% in 2010, and 45Mt or 26% 
in 2011) and wind (23Mt or 23% in 2010, and 
28Mt or 16% in 2011). Other large volumes in 
both years derived from energy efficiency, bio-
mass energy, waste management, and fuel switch 
projects (see Figure 13). 
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The geographic origin of primary offset buyers 
shifted due to market consolidation and interest 
in alternative mechanisms. As in 2010, Japan re-
duced its position in the pre-2013 and post-2012 
primary market following its announcement to 
support bilateral schemes rather than Kyoto flex-
ibility mechanisms. Japanese buyers contracted 
only 1% of the pre-2013 market (for both CERs 
and ERUs), down from 13% in 2009, and 2% 
of the post-2012 market, down from 24% in 
2009 (in this case pCERs only). Entities in the 
UK transacted the largest share, accounting for 
47Mt or 39% of pre-2013 pCERs and 44Mt or 
26% of post-2012 pCERs. The primary catalyst 
for this was the high concentration of buyers in 
the UK. However, a large portion of these vol-
umes are known to be redistributed upon deliv-
ery. Switzerland had a robust increase in 2010 
and in 2011 in both pre-2013 and post-2012 
markets compared to previous years. The Swiss 
market share came right after the UK, for the 
same reasons as the latter.

For project-based transactions in the voluntary 
market, please refer to Annex 3: The State of the 
Voluntary Market.

How many projects may be registered in 2012?
With the first commitment period of the Kyoto 
Protocol approaching its end as well as the dead-
line for project registration to ensure EU ETS 
eligibility, it is interesting to zoom in on the sup-
ply side to see how many projects will be able to 
make the EU ETS cut. Another question as rel-
evant as the former is whether or not the projects 
making the cut will be able to sell their credits 
at a time when the maximum volume of offsets 
(e.g., supplementarity limit) allowed into the 
scheme is being quickly exhausted.  

In fact, the reason for CERs and ERUs ap-
proaching the cap so fast is partly due to the 
fact that issuance picked up at impressive rates 
in 2011, with the CDM Executive Board (EB) 
successfully cleaning up old backlogs. In 2011 

alone, 315 million CERs were issued, represent-
ing a 140% increase over 2010 and about 40% 
of all issuances until that year. In order to have 
those CERs issued, the EB handled over 1,500 
issuance requests in the year, another substantial 
increase from previous years (see Figure 14).

Despite of the higher CER issuance rates, out of 
the over 8,500 projects that have entered the CDM 
pipeline since 2003,131 approximately 3,500 projects 
are currently in the validation process. Taking the 
859 projects registered in 2011 as a sample for cal-
culation purposes, the average validation time was 
525 days. Assuming that the validation processing 
time will not materially change in 2012, many proj-
ects that had not started validation by the first half 
of 2011 will have limited chances to pass validation 
and request verification on time prior to 2013 when 
the new EU ETS restrictions on offsets take effect. 
About 1,800 projects are in that category. Another 
500 projects initiated validation more than three 
years ago, and many have chronic problems that 
might prevent them from being validated. 

The remaining 1,200 projects should be able to 
request registration before the end of 2012. For 
illustration purposes, the maximum number of 

131.  As of February 2012.
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projects processed by the CDM Executive Board 
(EB) in a year was 859 (i.e., also an all-time high 
in 2011). Thus, unless the projects submitted 
pass the completeness check, they may not have 
sufficient time to make the necessary adjust-
ments before December 2012 (see Figure 15). 

Additional regulatory procedures may also affect 
those projects seeking registration in 2012. These 
include the introduction of last-minute changes 
to CDM regulation without granting grace peri-
ods beyond the end of 2012, such as the intro-
duction of the new Validation and Verification 
Standard (VVS) that will become mandatory by 
October 2012 at the latest.

4.2.1.6 Programmes of Activities:  
scaling up the CDM
A Programme of Activities (PoA) is a voluntary 
coordinated action by a private or public entity 
that coordinates and implements any policy/
measure or stated goal (e.g., incentive schemes 
and voluntary programs) that leads to anthropo-
genic GHG emission reductions or net anthro-
pogenic greenhouse gas removals by sinks that 
are additional to any that would occur in the 
absence of the PoA, via an unlimited number of 
CDM program activities (CPAs).132 PoAs allow 
to use carbon revenues as a source to fund incen-
tive schemes and policy implementation schemes 
with that PoAs have the potential to substantially 
up-scale the CDM and to test new approaches 
to carbon crediting beyond a project-by-project 
limitation.

As of today 269 PoAs have entered the CDM 
cycle. The PoA pipeline provides a more diverse 
geographical distribution relative to standalone 
CDM projects, with Africa accounting for 28% 
of the PoAs (versus fewer than 3% in the project-
based CDM).133 This illustrates the potential of 
PoAs to improve regional access to the CDM 
(see Figure 16).

Despite the progress achieved, PoAs are still 
under early stage of development and the PoA 
regulation is far from enabling its full potential. 
Against this background the discussion on im-
proving PoA regulation is expected to continue 
in 2012 covering, among others, the following 
key elements: 
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132. Source: EB 47. Procedures for Registration of a Programme of Activities as a Single CDM Project Activity and Issuance of 
Certified Emission Reductions for a Programme of Activities, Annex 29, May 2009. 
133. Source: UNEP Risoe, PoA Pipeline, April 2012.
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•	 Application of small-scale/micro thresholds to 
the units under a CPA and not to the CPA 
itself. This would allow to fully use the positive 
list approach to additionality for PoAs address-
ing micro scale activities and facilitate the de-
sign of corresponding incentive schemes while 
reducing regulatory risk without compromis-
ing on environmental integrity.

•	 Introduction of standardized inclusion 
procedures for micro-scale activities into 
PoAs with a potential to reduce transac-
tion costs substantially and to facilitate 
PoA-operationalization.134 

•	 Increase flexibility on verification require-
ment for PoAs without compromising envi-
ronmental integrity, including by allowing 
a Coordinating Managing Entity (CME) to 
choose between one or several verifications 
per year and by allowing a CME to contract 

one or more DOEs for each verification to 
ensure timely completion.

PoAs have the potential to both expand the scale 
of CDM project activities and to simplify project 
preparation and registration procedures (relative 
to standalone CDM projects), thereby overcom-
ing host country capacity constraints and long 
processing times. If the CME can also provide 
the underlying finance for the CPAs, the lat-
ter can overcome the investment barrier faced 
by standalone CDM projects (i.e., the primary 
reason for most project failures). In addition, a 
sophisticated and creditworthy CME naturally 
reduces the counterparty risk in an ERPA, en-
abling CPAs to access higher CER prices and 
more commercially attractive ERPA clauses. The 
following example (see Box 5) provides a good 
sense of the transformational potential of PoAs.  

box 5: Brazil integrated solid waste management and carbon finance program

The Brazil Integrated Solid Waste Management (SWM) and Carbon Finance PoA aims to support 
the recently enacted National Solid Waste Policy. The PoA focuses on scaling-up the implementa-
tion of carbon finance in the solid waste sector in Brazil. Caixa Econômica Federal (CAIXA)135 will be 
the CME of the program. Several CPAs have already been identified, giving this PoA the potential to 
reduce over 30 MtCO2e in the next 15 years.136

Solid waste management is a sector with relatively poor records in the country, with a large number 
of uncontrolled waste dump sites posing significant environmental and social liabilities. This can 
be attributed to lack of investment in the sector, partially due to municipalities with decentralized 
responsibilities and limited investment capacity and access to credit for SWM services, as well as 
to limited private-sector interest.137

The recently enacted National Solid Waste Policy aims to tackle this situation by mandating that 
municipal and state governments prepare solid waste management plans, with the objective of eradi-
cating garbage dumps within four years.

In this context, CAIXA aims to play a major role in the implementation of the National Solid Waste 
Policy and the transformation of the solid waste sector in Brazil. The entity developed a strategy to 

134. Source: World Bank, Improving efficiency and outreach of the CDM. May 2012.
135.  CAIXA is the second largest public bank in Brazil and the main financing source for municipalities in the country. CAIXA invested 
R$514 million (US$286 million) in clean-tech initiatives in 2011; it expects to increase that amount in the coming years, partly triggered 
by the possibility of blending carbon finance with traditional lending.
136. An Emission Reductions Purchase Agreement between CAIXA and the Carbon Partnership Facility of the World Bank was signed 
in 2011 aiming for the purchase of CERs until 2018.
137. Investment barriers associated with capital-intensive projects with low investment rates of return (IRR) has been a major reason for 
many low-carbon technologies not accessing adequate sources of underlying finance.
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4.2.2 Joint Implementation

4.2.2.1 A perspective for continuation
The Joint Implementation (JI) mechanism pro-
vides a common basis for countries with quanti-
fied emission targets to collaborate in the mitiga-
tion of climate change. In principle, therefore, 
the decision at CMP 7 to adopt a second com-
mitment period of the Kyoto Protocol allows JI 
to continue. However, regulatory uncertainty 
remains regarding the adoption of quantified 
emission limitation or reduction objectives 
(QUELROs), the length of the second commit-
ment period (2017 or 2020), and whether and 
how AAUs from the first commitment period 
can be transferred to the second. 

The Joint Implementation Supervisory 
Committee (JISC) is currently revising the JI 

guidelines in an effort to improve the transparen-
cy and credibility of the mechanism. To this end, 
CMP 7 invited observer organizations to submit 
views on the revision of the JI guidelines by April 
16, 2012.138 The JISC’s recommendations to 
date include merging Tracks 1 and 2 (see Box 6). 
It is recommended that this single, unified track 
be governed by a single verification supervisory 
body.  In addition, it is proposed that the respon-
sibility for ERU issuance be transferred from the 
host country to the UNFCCC.  

Following the rules applicable to CERs, the EU 
ETS allows the surrender of ERUs generated and 
issued until 2012 as well as ERUs generated and 
issued from 2013 onward, from projects regis-
tered before 2013.139 However, the Kyoto frame-
work does not enable ERUs to be created from 
2013 onward in the absence of new quantified 

box 5: Brazil integrated solid waste management and carbon finance program (continued)

cooperate with states and/or consortia of municipalities. This strategy seeks the promotion of new 
operations, such as regional landfills, which will make feasible both the final disposal and treatment 
of urban solid waste from small municipalities and the access of these municipalities to the carbon 
markets. As part of its strategy, CAIXA has put together an innovative financing package with the 
following objectives:

a. improving the technical capacity of municipalities on concessions. Several municipalities 
in Brazil have limited capacity to prepare and conduct concession processes, deal with issues 
related to waste pickers, and process environmental licensing. CAIXA’s program will support 
these processes by providing technical assistance to interested municipalities to structure their 
SWM operations (e.g., preparation of bidding documents for private concessions).

b. enabling public entities to access carbon markets through innovative financing packag-
es in the sWm sector. Under this program, eligible projects will benefit from financing options 
that integrate carbon finance revenues. CAIXA will accept the future carbon revenues as partial 
guarantee toward the loan. In addition, the terms, including the debt service of the loan, will be 
linked to the performance of the CDM project, mitigating risks and providing a strong incentive 
to the operator of the landfill. CAIXA will also provide technical assistance to the municipalities 
on the development of carbon-finance-related documentation. 

c. supporting municipalities on the social aspects of sWm projects.  The program will also 
help to develop adequate social inclusion strategies for waste pickers, a requirement under the 
new law.

138. These views were not available when this report was written.
139. “To the extent that the levels of CER and ERU use … competent authorities shall allow operators to exchange CERs and ERUs 
from projects that were registered before 2013 issued in respect of emission reductions from 2013 onwards for allowances valid from 
2013 onward.” Source: Directive 2009/29/EC of the European Parliament and of the Council (http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=OJ:L:2009:140:0063:0087:en:PDF), Articles 11a.2 and 3, April 23, 2009.
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emission targets in place for host countries.140 A 
mainly political question is whether emission re-
ductions generated after 2012, based on AAUs 
carried over from the first commitment period 
(CP-1), can qualify for ERUs. This regulatory 
uncertainty has hindered new investment in 
the mechanism and can only be clarified by the 
UNFCCC (this is expected in 2012).

Under the Track 1 process, countries are entitled 
to determine the eligibility of projects unilaterally, 
apply their own methodologies for baseline set-
ting, and monitor and verify emission reductions. 

This has raised concerns regarding consistency in 
the application of procedures and issuance across 
jurisdictions, including information provided in 
national languages instead of English. 

4.2.2.2 Numbers: same old pattern, increased 
volumes
To date, there are 570 existing projects in dif-
ferent stages of development, in the JI pipeline. 
Almost 60% of this pipeline is hosted in the 
Ukraine and the Russian Federation (167 and 
164 projects, respectively). Other active coun-
tries include the Czech Republic and Bulgaria 
(59 and 40 projects, respectively). France hosts 
the largest number of JI projects outside of 
Eastern Europe (26 projects) (see Figure 17).141

The Ukraine and the Russian Federation also mo-
nopolize ERU issuance. Until March 2012, out of 
the 131 million ERUs already issued, 66 million 
tons (50%) were generated in the Ukraine and 
32 million (26%), from the Russian Federation. 
The disparity in issuance volumes can be attrib-
uted to the Ukraine moving ahead with issuance 
earlier than the Russian Federation. However, 
issuance has accelerated in the latter; in June 
2011, the President of the Russian Federation 
signaled that the country needed to scale up its 
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box 6: Track 1 versus Track 2 ji

Track 1

• The host party verifies the emission reduc-
tions /enhancements of removals.

• The host party issues and transfers the 
ERUs.

Track 2
• The emission reductions /enhancements 

of removals are verified following the verifi-
cation procedure under the JISC.

• The host party issues and transfers the ERUs.

140. There are views in the market that CP-1 ERUs can still be created based on CP-1 AAUs, even for emission reductions occurring 
after 2012.
141. Source: UNEP Risoe, JI pipeline, April 1, 2012.
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JI program to take advantage of the mechanism 
before the end of the first commitment period of 
the Kyoto Protocol. A couple of months follow-
ing the announcement, Russia issued 17 million 
ERUs and launched a 70-million-ton tender. In 
September, an amendment to the Russian JI pro-
gram was signed, setting the ERU issuance limit 
at 300 million until 2012.142  

To date, most projects and issuances have taken 
place under Track 1 (see Figure 18).143 However, 
the data available does not necessarily paint an 
accurate picture of the market in real time, as 
Track 1 does not require host countries to pub-
lish approved projects. Even the International 
Transaction Log (ITL), established and adminis-
tered by the UNFCCC Secretariat, does not have 
the mandate to communicate or disclose data so 
temporary discrepancies have been reported.144

Primary ERU prices in 2011 averaged US$12.1 
(€8.7), falling 7% from US$13.0 in 2010. Volume 
of primary ERUs (pERUs) contracted also fell, by 
31% yoy, to 28 million tons. Thus, the total value of 
the primary JI market fell by 36% yoy to 339 million 
(€256 million) (see Table 4). ERU prices remained 
higher than CER prices in the primary market de-
spite the removal of the Russian Federation’s €10 
floor price, because JI ERPAs were signed on projects 
at a more advanced stage of development than in the 
CDM (i.e., closer to final determination).

Not surprisingly, the largest volumes transacted 
in the primary market came from Ukraine and 
the Russian Federation (98% of the 28 million 
tons contracted in 2011). However, for the first 
time in five years, the Russian Federation was no 
longer the primary source of pERUs, accounting 
for 10.7 million (38%) tons versus 16.7 million 
(60%) from Ukraine (see Figure 19).
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142. Source: CDC Climat Research. Joint Implementation in Russia: On track to overtake Brazil as the third largest supplier of Kyoto 
offsets, October of 2011.
143. Source: UNEP Risoe, JI pipeline, April 1, 2012.
144. Source: Shishlov, I., Bellassen, V., Leguet, B. Joint Implementation: a frontier mechanism within the borders of an emissions cap 
(Climate Report No. 33), CDC Climat Research, 2012.
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4.2.3 Assigned Amount Units

In 2011, AAU prices continued to decline from 
the €5–7 range observed at the end of 2010 to be-
low €5, and some prices have reportedly reached 
as low as €1 per ton toward the end of the year. 
Since most of the 2011 AAU transactions were 
signed in the first half of the year (before prices 
plunged), the average AAU prices reported in 
2011 was €5.1. 

Contract negotiation for AAUs can take rela-
tively lengthy periods of time depending on 
the level of complexity of the underlying GIS. 
Although prices plunged towards the end of the 
year, AAU deals were concluded at prices higher 
than prevailing market prices (i.e., prices reflect-
ing market conditions in earlier months). Buyers 
honored earlier commercial terms and signed the 
AAU Purchase Agreements since AAU sellers are 
governments. A few options were also reported. 

The downward trend coincided with the overall 
trajectory for all carbon assets, motivated primar-
ily by lower-than-expected emissions and length 
in allowance supply. Other contributing factors 
include (i) regulatory uncertainty surrounding 
surplus AAUs and how they will be treated in 
the second commitment period of the Kyoto 
Protocol, and (ii) the fact that some Japanese 
private entities, who had been key AAU buy-
ers since 2009, shifted their priorities elsewhere 
after the Fukushima incident. This fueled the 
downward trajectory as sellers increased and ac-
celerated sales, even at lower prices, suppressing 
AAU prices further. Against this backdrop, new 
host countries seemed to be discouraged from 
entering the market, compounded by increasing 
pressure to launch accountable and transparent 
Green Investment Schemes (GIS) to reduce the 
“greening risk.” 

Following previous years’ trends, Japanese pri-
vate buyers still absorbed a large portion of the 
volumes contracted, albeit less than in previous 
years. As Annex 1 government buyers approach 
their Kyoto obligation targets, they reduce the 

pace of their purchases, thereby reducing AAU 
trading opportunities for private-sector players. 
Still, the faster decline in AAU prices compared 
to pCERs and ERUs resulted in a large spread 
between these assets, offering some profitable 
swap opportunities for private-sector firms, 
mostly Japanese. The same interest was reported 
coming from government buyers facing restrict-
ed budgets.

Total volumes of transacted AAUs declined 23% 
yoy to 47 million tons. As in 2010, Estonia 
sold the largest number of AAUs, followed by 
Lithuania, which emerged as a newcomer follow-
ing the development of its GIS program in 2010. 
Other active countries, most of which were 
early movers and   have now commenced GIS 
implementation as agreed upon under previous 
Assigned Amount Unit Purchase Agreements 
(AAUPAs), include the Czech Republic, Poland, 
and Latvia. 

In 2011, Estonia established the “Electro-
mobility Program 2011-2013”, which consists 
of deploying electric cars in municipalities for 
use by social workers. More than 500 of those 
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cars were bought from the proceeds of a sale 
of 10 million AAUs to Japanese Mitsubishi 
Corporation in March 2011.145 Another sale 
of 1.5 million AAUs to Marubeni Corporation 
was approved in January 2012, and the proceeds 
raised will be invested into energy efficiency 
measures in Estonian theatres.146

4.2.4 Removal Units

These units can be issued by parties on the ba-
sis of land use, land-use change and forestry 
(LULUCF) activities such as reforestation. 
RMUs represent the same compliance value as 
other Kyoto flexibility mechanisms and can be 
traded among parties. The first RMUs were is-
sued in 2011, in the National Registries of 
France, Australia, Russia, and Hungary. At the 
end of 2011, both France and Australia held 
23 million RMUs in their National Registries. 
Russia held 4 million RMUs at the end of 2011, 
and was issued 462 million RMUs in February 
2012.147

2011 witnessed the first sale of Removal Units 
(RMUs), coming from Hungary.148 Hungary’s 
forests cover around a fifth of the country after 
its forested area grew 13% to 19,217 square kilo-
meters between 1990 and 2011, referring to data 
from the Hungarian Statistic Office. As a result, 
Hungary issued itself the first RMUs in 2011 
after the UN finalized the country’s 2008 green-
house gas emissions data in the previous years. 
The country, along with Denmark, France, and 
Switzerland, has opted to print RMUs annually, 
while other Kyoto signatories will receive RMUs 
in 2014, two years after emissions data for the 
entire 2008-2012 Kyoto period is finalized. 

In October 2011, the National Development 
Ministry of Hungary announced it had issued 
3.9 million RMUs.149,150 The country also an-
nounced that the revenue from the sale of the 
units would be used to support environmentally 
friendly investments. The sale of a certain vol-
ume was announced in December 2011. Neither 
the volume nor its value were confirmed; howev-
er, in a press briefing, the Hungarian government 
confirmed that Kyoto permit revenues in 2011 
totaled HUF 2.7 billion ($11.5 million) and 
that it expects further HUF 1.6 billion in 2012. 
Since no AAU deal was announced by Hungary 
in 2011, it is likely that revenues came from the 
RMU sale. Finally, the New Zealand registry 
showed the transfer of 3.9 million RMUs from 
overseas in 2011.151 Although not confirmed, if 
the volume shown in the New Zealand registry 
corresponds to the purchase of the Hungarian 
RMUs, average prices for the transaction were 
US$2.95 per RMU (US$11.5 million for 3.9 
million RMUs).

4.3 New MarkeT iNsTruMeNTs

4.3.1 Nationally Appropriate Mitigation Actions

Over 50 developing countries have now submit-
ted proposals to the UNFCCC152 to limit the 
growth of greenhouse gas emissions by 2020. 
These proposals, also known as Nationally 
Appropriate Mitigation Actions (NAMAs), re-
fer to a set of mitigation policies and/or actions 
that a developing country voluntarily under-
takes in an effort to reduce its GHG emissions 
and report these reductions to the UNFCCC. 
The concept of NAMAs emerged in 2007 

145. Source: Tuisk, J. Ministry of Economic Affairs and Communications of Estonia, Estonian Electromobility Program 2011-2013, 2011.
146. Government of Estonia, Proceeds from the sales of AAUs to Marubeni Corporation will be invested into energy efficiency in 
Estonian theatres, January 26, 2012.
147. Source: Thomson Reuters Point Carbon, Outlook for 2012-2014: Entering a new phase, February 2012.
148. Based on 2008-09 inventory data, analysts forecast 1.2 billion RMUs issued over CP-1. Source: Valentin Bellassen, Dossier du 
Club Carbone Forêt-Bois n°3, Résultats nationaux des pays de l’Annexe 1, 2011.
149. Source: Business Recorder, Hungary pioneers sale Kyoto units-Point Carbon, December 2011.
150. Source: http://www.bbj.hu/economy/hungary-has-about-39m-rmus-to-sell_60873.
151. Source: https://app.eur.govt.nz/eats/nz/index.cfm?fuseaction=search.nzeur_incoming_transaction_year&hc=IilOPCAK&nc=3C7EA
3755D487F29CBF884FAA35537A7.
152. See a compilation of the proposals in document FCCC/AWGLCA/2011/INF.1, posted on the UNFCCC Web site.
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under the UNFCCC Bali Action Plan, which 
called for “[the implementation of ] Nationally 
Appropriate Mitigation Actions by developing 
country parties in the context of sustainable de-
velopment, supported and enabled by technol-
ogy, financing, and capacity building, in a mea-
surable, reportable, and verifiable manner.” The 
Cancun Agreement achieved significant progress 
in the concept and, inter alia, set milestones for 
the development of a central registry of NAMAs 
(including those seeking international funding 
support) and guidelines for measuring, report-
ing, and verification (MRV). There is no official 
definition of a NAMA; therefore the proposals to 
date indicate a wide variety of approaches. These 
encompass policies, programs, and projects, as 
well as sectoral or national emission goals. The 
openness of the definition places emissions miti-
gation and low emissions development within 
the context of a nation’s economic and social ob-
jectives and allows for climate change mitigation 
beyond the project offsetting structure of the 
Clean Development Mechanism (CDM).

Discussions and literature on NAMAs often refer 
to two types of NAMAs based on the sources of 
funding: 

•	 Unilateral NAMAs, which are financed and 
supported entirely by the host country.

•	 Supported NAMAs, which will be imple-
mented if provided with the needed interna-
tional support.

For several countries, the supported NAMAs 
may be financed through the sale of carbon cred-
its and have been referred to as credited NAMAs; 
they thus have a link to the negotiations on a 
new international market-based instrument.
 
Some guidance on NAMA was laid out in the 
2010 Cancun Agreement and in the COP 17 
decisions in Durban (2011). Parties agreed that 

supported NAMAs will be recorded in a regis-
try to match proposed mitigation actions with 
international financial, technology, and capac-
ity-building support. Accordingly, a registry 
prototype shall be developed by the UNFCCC 
Secretariat by the time of the 36th session of the 
Subsidiary Body for Implementation with the 
design to be finalized at COP 18 in December 
2012. Parties also agreed that Non-Annex-I 
Parties shall submit National Communications 
every four years and Biennial Update Reports 
(BURs) with information on their NAMAs – 
as well as on their national inventories - every 
two years (UNFCCC 2011a). The Subsidiary 
Body for Scientific and Technological Advice is 
also to develop guidelines for domestic MRV 
of Unilateral NAMAs (UNFCCC 2011b). 
Negotiations continue on equivalent guidelines 
for supported NAMAs to further define the 
concept and its underlying assumptions as well 
as achieve some level of consistency and trans-
parency so that mitigation actions are not only 
nationally appropriate but also meet some form 
of global appropriateness. While many aspects of 
the policy architecture around NAMAs is yet to 
be defined, much progress has been achieved on 
an operational level, particularly in Non-Annex 
1 countries. These bottom-up activities are likely 
to provide valuable lessons for the development 
of the NAMA framework at the international 
policy level.  

Many developing countries are in the process of 
identifying, selecting, and preparing proposals 
for NAMAs. By way of example, the 30 NAMAs 
tracked by the Ecofys NAMA database153 as “un-
der development” indicate that: 

•	 Geographical distribution is weighted to 
Latin America (13 activities or 43%), fol-
lowed by Asia, Africa and Europe. This con-
trasts with the CDM, which has been more 
highly used in Asia.

153. Source: Roser et al., 2011 and Ecofys NAMA database, September 30, 2011.
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•	 Sectoral distribution is weighted towards 
transport (12 activities or 40%), followed 
by energy, waste, industry, buildings, for-
estry, and agriculture. This contrasts with the 
CDM, where only 0.6% percent of projects 
relate to transport.154  

•	 Activity types are categorized as strategies/
plans, policies/programs, and projects, with 
a relatively equal distribution amongst them. 
Conversely, CDM to date has been strictly 
project based.

•	 The scope is generally nation- or sector-wide. 
CDM PoAs share the most resemblance with 
NAMAs and may provide valuable insights 
for credited NAMA, particularly in deter-
mining baselines and associated MRV. 

Implementation of NAMAs requires financing at 
the scale that may not be the same as those that 
have been most targeted by the CDM, but also 
offers investment opportunities. Several coun-
tries are looking at the possibility of leveraging 
financing through a new crediting mechanism.

The bottom-up NAMA activities that Non-
Annex I countries have identified as well as exist-
ing ground work on new market instruments155 
can provide valuable experience and insights for 
the development of the international policy ar-
chitecture. While progress continues at the oper-
ational level, negotiations continue on the form 
and scope of NAMAs as well as on an overarch-
ing framework to translate them into a market-
based mechanism.  

In several developing countries, climate change 
champions used to be primarily international-
negotiations-oriented staff. However, Ministries 
of Finance and/or Planning have increasingly be-
come engaged on this topic. The main reason is 
that many countries have taken voluntary com-
mitments since Copenhagen COP, and these com-
mitments although not binding internationally, 

have been reflected in the domestic climate change 
programs and laws – making them mandatory in-
ternally. As a result, national debates are heating 
up, and the Ministries of Finance and/or Planning 
are heavily investing in identifying the domestic 
instruments needed to integrate these new objec-
tives in an efficient way consistent with national 
development requirements. This is a turning point 
in the political economy of climate change in 
emerging economies. In this new context, the key 
words are “national policies” and “domestic instru-
ments,” with NAMAs being a partial reflection of 
these initiatives in the international negotiations 
arena. NAMAs will certainly become important 
means to articulate domestic voluntary efforts and 
international support.

4.3.2 New approaches to market instruments

COP 17 represented an important step forward 
in defining new approaches to market instru-
ments. Parties reached agreement that the role of 
these instruments is to “enhance cost-effective-
ness of, and to promote, mitigation action”,156 

bearing in mind the different circumstances of 
developed and developing countries. Among the 
various approaches discussed was a proposal for 
a framework that would enable Parties to design 
and implement their own approaches under de-
centralized governance and, on the other hand, 
a mechanism to be guided by the COP under 
centralized governance. These two approaches 
are discussed below.

4.3.2.1 Framework for various approaches
COP 17 recognized Parties’ abilities to develop 
and implement their own approaches to contrib-
uting to global GHG reductions and sustainable 
development. Such approaches may support off-
setting or crediting through bilateral or regional 
cooperation. The pursuit of such a flexible and 
decentralized mechanism is intended to allow 
swift implementation at low transaction costs. 

154. Source: UNEP RISOE Centre, 2011.
155. Initiatives such as the World Bank’s Partnership for Market Readiness (PMR). 
156. Decision 2, COP 17, para 83.
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“Cop 17 recognized 
parties’ abilities to develop 
and implement their own 
approaches to contributing to 
global ghg reductions and 
sustainable development.”
However, important to note that such an ap-
proach must “meet standards that delivery real, 
permanent, additional and verified mitigation 
outcomes, avoid double counting of effort, and 
achieve a net decrease and/or avoidance of green-
house gas emissions.” Specific issues have been 
proposed for elaboration, include:

•	 Eligibility criteria for the projects and the 
project selection process.

•	 Underlying principles of methodologies and 
their approval process.

•	 Roles of third-party certification entities and 
their accreditation process.

•	 Approaches to managing projects and credits 
issued (including measures to avoid double 
counting).

•	 The UNFCCC Parties will elaborate a frame-
work for various approaches with the objec-
tive to making a recommendation to COP 18 
which will take place in December 2012 in 
Doha.

4.3.2.2 New Market-Based Mechanism
In addition to the decentralized means of the 
framework for various approaches, the UNFCCC 
is also considering defining a new market-based 
mechanism (NMM) as a means to encourage 
mitigation efforts and financial flows at scale. 
Though the definition and modality for the 
NMM are yet to be elaborated, the UNFCCC 
Parties agreed that NMM should stimulate 
mitigation across “broad segments of economy”. 
Specific suggestions have been proposed: 

•	 Crediting: Emissions from a broad sector of 
an economy will be checked against an ex-an-
te agreed crediting threshold. If emissions are 
below this threshold, emission credits will be 
issued ex post, which can be sold to recover, 
at least partly, the cost of mitigation activities. 
If emissions are not below the threshold, no 
penalty will be applied (no-lose target).

•	 Trading: In accordance with an ex-ante de-
fined absolute target for a broad sector of an 
economy, emissions allowances will be issued 
ex ante. If emissions are lower than the num-
ber of issued allowances, excess allowances 
can be sold to recover, at least partly, the cost 
of mitigation activities. If emissions are high-
er than the number of allowances issued, ad-
ditional allowances need to be purchased on 
the global carbon market to comply with the 
target agreed for the broad segment.

Going forward, essential elements for defining a 
NMM include: 
  
•	 Eligibility/participation requirements
•	 Boundaries
•	 Baselines and targets, including timelines
•	 Monitoring, reporting, and review
•	 Technical requirements to facilitate issuance 

and safe transfer of units
•	 Institutional requirements

Countries have provided a diverse range of sub-
missions on the elaboration of the modalities 
and procedures under both approaches so that a 
decision can be adopted at COP 18. While the 
purpose of the new market approaches is to con-
tribute to ensuring cost-efficient mitigation ac-
tion globally, it remains to be seen whether they 
can provide an overarching framework and clear 
guidance as to what asset can be legitimately and 
transparently traded as a result of domestic miti-
gation activity.
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Outlook – 2012 demand and supply balance

this chapter investigates the balance betWeen the demand 
for the Kyoto assets, including demand from governments and private sector 

entities,157 and the supply of these Kyoto assets. We have revised our estimates, and com-

pared to last year, we found a higher residual demand of 290 million tCO2e (MtCO2e), 

virtually all coming from European governments. Although GHG emissions data for the 

first three years of the first commitment period of the Kyoto period (2008-2010) hint at 

larger shortfalls than previously expected, the market balance remains unchanged due to 

the larger oversupply of Kyoto assets, notably AAUs. 

5.1 goVerNMeNT deMaNd

Demand estimates for Kyoto assets from Annex B 
governments were revised upward, to 574 MtCO2e 
from 437 MtCO2e estimated in last year’s report. 
The EU-15 accounts for about 75% of the total 
and Japan for almost 17% (see Table 5).

Updated emissions projections that reflect pro-
longed global economic downturn show that 
the EU-15 and the EU as a whole continue to 
expect to meet and overachieve their Kyoto tar-
gets with current policies in place.158 However, 
it cannot be assumed that overachievement of 
the collective target will enable certain member 
states to cover shortfalls from others. Therefore, 
some EU-15 members plan to use the Kyoto 

flexibility mechanisms to ensure that their indi-
vidual Kyoto targets are met. 

Estimates from the 2011 report were revised, 
taking into account new data on GHG emis-
sions in non-EU ETS sectors (2010) as well as 
updated figures for governments’ intended use 
of Kyoto units and sinks.159 Declared intended 
use of Kyoto assets now amount to roughly 443 
MtCO2e from 2008 to 2012, mainly from Spain, 
Italy, the Netherlands, and Austria. In addition, 
in our estimates it appears that several countries 
(Austria, Italy, and the Netherlands) show a gap 
between their intended purchases of Kyoto assets 
and their GHG emissions targets. According to 
our estimates, if in 2011 and 2012 their respective 
sinks and additional measures do not sequester 

157. Those are entities covered by existing or anticipated domestic climate regulation, like the EU ETS or the NZ ETS, or participants to 
sectoral agreements, like the Keidanren Voluntary Action Plan in Japan. For the vast majority, they belong to the private sector; however, 
some public installations (like hospitals under the EU ETS) are also regulated.
158. “The EU-15 is expected to over-achieve its Kyoto target by an amount equivalent to 4.6-5.1% of base-year emissions, depending 
on whether the expected effects of additional measures are realized by 2012.” Source: European Environment Agency, Tracking 
progress towards Kyoto and 2020 targets in Europe, October 2011.
159. Our projections are based on GHG emissions for 2008, 2009, and 2010 from National Inventory Submissions to UNFCCC (April 
2012), adjusted for the economic outlook for 2011 and 2012. Emissions projections have been revised using GDP forecasts by the 
International Monetary Fund (Source: IMF, World Economic Outlook Update, April, 2012). The following figures are sourced from the 
European Environment Agency: annual emissions and removals from LULUCF activities, intended annual use of Kyoto mechanisms, 
and emissions in sectors not covered by the EU ETS, in the EU Member States, and Lichtenstein, Norway, and Switzerland. Source: 
European Environment Agency, Tracking progress towards Kyoto and 2020 targets in Europe, October 2011.
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and reduce GHG emissions more than in 2008, 
2009, and 2010, these countries may have to col-
lectively purchase 75 MtCO2e in addition to their 
intended purchases.160 On the other hand, we esti-
mate that some countries may not need to buy the 
amount of Kyoto units initially intended. These 
include Spain, Belgium, Portugal, and Denmark. 
Based on these results and assumptions, we 
therefore estimate the governmental demand for 
Kyoto assets in the EU-15 taken as a whole at 
428 MtCO2e (see Table 6), compared to the 315 
MtCO2e estimated last year.

The earthquake and tsunami that struck Japan’s 
northeast in 2011 may lead the country to use 
more carbon-intensive fossil fuels to compensate 
for the loss of nuclear capacity. Nevertheless, the 
increased carbon intensity of output in Japan, 
though will likely be offset by subdued economic 
growth over the coming months. As of December 

2011, Japan was still unable to determine the real 
implication for its Kyoto achievement target.161 
In addition, Japan did not purchase carbon units 
in 2011, leaving cumulative acquisitions to 97.8 
MtCO2e since the commencement of the buy-
ing program in 2006.162 In this context, gross 
demand for Kyoto assets from the Government 
of Japan is maintained at 100 MtCO2e, its initial 
public procurement goal.  

Gross demand from other Annex B governments 
is estimated at 46 MtCO2e, mainly through 
Norway and Switzerland. Although Norway 
seems likely to meet its Kyoto target (+1%) 
solely through domestic policy and measures, 
its demand for Kyoto mechanisms stems from 
its long-term commitment to carbon neutrality, 
including an overachievement of its Kyoto tar-
get by 10%. On the contrary, we estimate that 
Switzerland may have to purchase 7 MtCO2e 

table 5: 

supply and 

demand in 

perspective – kyoto 

Market Balance, 

2008-2012

potential demand from industrialized countries 
(MtCO2e)

potential supplies (MtCO2e)

country or entity Kyoto assets demand official target*

eU
Government (EU-15)
Private sector (EU ETS)

1,293
428
865

potential gis 
ukraine
russian Federation
Czech republic
other eu-10

>1,500
500–700

200
120
600

Japan
Government
Private sector

300
100
200

rest of annex b
Government
Private sector

51
46

5

cdm & Ji
CdM
ji

1,573
1,273

300

range: 1,500–1,658
1,250–1,301

250–357

total
government
private sector

1,644
574

1,070

* These numbers correspond to the amounts of AAUs governments intend to sell.  They are much lower than the whole amount of 
excess AAUs, now estimated at more than 10 billion tCO2e over the first commitment period, with Russia accounting for half, Ukraine 
one-quarter, and Poland one-fifth.

160. Although we used reported emissions data for 2008-2010, our estimates rely on projections for 2011 and 2012 emissions. These 
are only based on expected economic growth factors, and thus consider the performance of national sinks and additional measures 
over 2011-2012 constant from 2008-2010. If those were to outperform in the last two years of the Kyoto period, our figures would 
consequently need to be revised downward. 
161. “On the other hand, due to many factors that are difficult to estimate those impacts after the Great East Japan Earthquake, such as 
operational status of nuclear power plants, electricity demand, and business activity, as well as weather forecast, it is difficult to estimate 
GHGs emissions for the rest of the years of the 1st KP period at this stage.” Source: Global Warming Prevention Headquarters under 
the Cabinet of Japan, Progress Report of the Kyoto Protocol Target Achievement Plan, December 2011. (p3, translated from Japanese).
162. Source: Ministry of Environment of Japan, Government Purchase of Kyoto Credit, April 2, 2012.
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more than initially intended (10 MtCO2e). 
Australia and New Zealand continue to expect to 
meet their Kyoto obligations through domestic 
policy measures and carbon sinks.163

5.2 priVaTe seCTor deMaNd

Gross demand from private entities has been re-
vised up 12% from last year, to 1,070 MtCO2e 
(see Table 5), with demand in the EU ETS ac-
counting for 81% of the total. The main reason 
for this increase is the expected preferential sur-
render of CERs and ERUs (instead of EUAs) by 
EU ETS operators in response to the EC’s quali-
tative restrictions on the eligibility of offsets in 
Phase III as well as low prices for Kyoto offsets 
since the end of 2011.

Analysts expect Phase II of the EU ETS to be 
oversupplied by about 1,300-1,600 MtCO2e. The 
surplus will be banked in the form of allowances, 
including remaining reserves, set-asides, and un-
used offsets.164 In addition, prolonged economic 
downturn, investment in renewable energy gener-
ation, and expected incremental energy efficiency 
measures in the EU have led analysts to expect 
the EU ETS to remain oversupplied throughout 
Phase III, with a 750-1,300 MtCO2e surplus in 
2020 (including offsets). Thus, by contrast with 
the demand from governments reflecting actual 
shortfalls, the demand from the private sector en-
compasses arbitrage opportunities, even under an 
oversupplied scenario. 

However, it is expected that some installations – 
primarily utilities and airlines – will be short.165 A 
shortfall of 400 MtCO2e is expected for airlines 
until 2020. This may be supplied with CERs and 
ERUs (up to 63 MtCO2e throughout 2020), or 
with Aviation EU Allowances (see Section 3.9). 
Remaining demand could also come from gener-
ators that start to hedge their future exposure in 
Phase III as a result of tighter caps and increased 
auctioning. Depending on the schedule of antic-
ipated sales or auctions of Phase III allowances, 
this hedging behavior could induce some volatil-
ity in the EU ETS market during the transition 
from Phase II to Phase III. Changes in the gener-
ation mix, brought by shifts in Germany’s nucle-
ar energy policy or overheating in global energy 
prices, for instance, could further push compli-
ance demand from power sector installations. 

So far, EU ETS participants have contracted ap-
proximately 1.9 billion CERs and ERUs (nominal), 
with CERs from HFC and adipic acid projects ac-
counting for about 25% of that amount.166 Despite 
the market being long, EU ETS operators may 
nonetheless seek to benefit from the price differ-
ence existing between CERs (or ERUs) and EUAs, 
and therefore sell or bank EUAs to use CERs (i.e., 
“CER/EUA swap” operation). In addition, given 
the ban of CERs from HFC and adipic acid proj-
ects in Phase III, it is expected that installations will 
actually increase their use of CERs and ERUs over 
the end of Phase II. In this context, last year’s esti-
mate of CDM and JI credits use over Phase II has 
been revised from an average 750 MtCO2e to 865 
MtCO2e (see Table 6) over 2008-2012.167 

163. Source: Department of Climate Change and Energy Efficiency of Australia, Quarterly Update of Australia’s National Greenhouse 
Gas Inventory, December 2011. New Zealand estimates it will have a surplus of 23.1 MtCO2e for the Kyoto Period of 2008-2012. 
Source: Ministry of Environment of New Zealand, April 2012.
164. Sources: Deutsche Bank. EU Energy: ETS Reform Should Not Be Set Aside, April 12, 2012: Long position over Phase II: 677 
MtCO2e, use of CERs and ERUs over Phase II: 819 MtCO2e. Societe Generale. Carbon Specials, March 20, 2012: Long position over 
Phase II: 486 MtCO2e, use of CERs and ERUs over Phase II: 831 MtCO2e. Barclays Capital. Monthly Carbon Standard, March 26, 
2012: long position over Phase II: 675 MtCO2e, use of CERs and ERUs over Phase II: 945 MtCO2e.
165. Based on 90% of the verified emissions for 2011, published verified emissions for the first four years of Phase II (2008-2011) 
showed that the power and heat sector, which accounts for 74% of the emissions, was short by 10.3% accumulated over 2008-2011 
(against free allowances), while the surplus was attributable to the remaining sectors which were long by 24.1%.. Source: Köppl, A., et al. 
Views of the EU ETS, Climate Policy Brief, Austrian Institute of Economic Research, April 2012.
166. We estimate this amount to be 828 million CERs and ERUs after adjustment for risk performance. For details on the risk-adjustment 
calculation, see Methodology.
167. The CERs and ERUs surrendered by EU ETS operators amounted to 84 MtCO2e in 2008, 81 MtCO2e in 2009, 137 MtCO2e 
in 2010, and 254 MtCO2e in 2011. With an estimate of 865 MtCO2e surrendered over 2008-2012, this leaves 311 MtCO2e to be 
surrendered in 2011 and 2012.
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Private-sector companies in Japan have report-
edly contracted more than 465 MtCO2e in CERs, 
ERUs, and AAUs (273 MtCO2e after risk adjust-
ment) that can be surrendered under the Keidanren 
Voluntary Action Plan, which should amply cover 
their estimated needs of 200 MtCO2e. We see two 
explanations as to why Japanese private companies 
continue to purchase Kyoto units. First, power and 
steel companies anticipate increasing emissions 
from the shutdown of nuclear capacity in Japan.  
Although the government has yet to estimate how 
this will impact national emissions (as explained 
above), there are estimates that the shutdown of 
nuclear capacity in Japan could create an additional 
demand of 60–70 MtCO2e.168 In addition, the ob-
served increasing purchase of AAUs versus CERs 
and ERUs by Japanese private companies could 
also be regarded as the first indications of Japanese 
market participants exchanging the CERs and 
ERUs they acquired in the primary market against 
AAUs in order to cash in on the price difference 
between those assets.169 

Reported private-sector purchases beyond the 
EU and Japan (e.g., U.S, Republic of Korea) have 
mainly been driven by intermediaries seeking re-
turns in selling CERs and ERUs in the secondary 
market. Although the New Zealand and Australia 
emissions trading schemes do and will accept 
CERs and ERUs, we did not track any primary 
market transaction in 2010 and 2011 intended 
to serve these markets. Private participants in the 
market indicated procurements occur through the 
secondary market, the liquidity of which is bet-
ter hedged against the market price volatility and 
uncertainties over the utilization of Kyoto credits. 

5.3 supply Through To 2012

About 1,270 million CERs are expected to be 
issued pre-2013, of which slightly more than 
half should be issued to HFC and adipic acid 
projects.170 Supply projections are up 10% on 
average since last year, reflecting primarily im-
proved timelines for registration. First, the CMP 
decision in Cancun to move forward the start-
ing date of the crediting period has the potential 
to add three to six months worth of CERs (or 
the average time from request of registration to 
effective registration) to a project’s expected de-
liveries.171 In 2011, 315 million CERs were is-
sued, which was a 140% increase over 2010 and 
accounted for 40% of all issuance to-date (see 
Section 4.2.1.5). Second, the inflow of projects 
entering the CDM pipeline doubled from the 
start to the end of 2011, from 330 new projects 
in Q1 2011 up to 609 in Q4 2011. This is the 
highest rate ever — perhaps reflecting the fact 
that project developers are rushing to get projects 
registered before 2013 in light of EU eligibility 
restrictions for Phase III.172 

Market analysts estimate that around 300 mil-
lion ERUs will be issued through 2012. This is 
an increase over last year’s estimate (+20%), and 
is largely a result of Russian efforts to increase 
supply.173 The supply of ERUs was roughly mul-
tiplied by five from 25 MtCO2e in December 
2010 to 119 million ERUs in January 31, 2012. 

The supply of AAUs remains far larger than 
the anticipated demand (i.e. countries have an-
nounced intentions to sell over 1,500 million 

168. Sources: Deutsche Bank. Japan’s Quake & The Implications for Commodities. Commodities Special Report, March 14, 2011: 70 
MtCO2e. Barclays Capital. Monthly Carbon Standard, April 11, 2011: 60 MtCO2e. 
169. We tracked 23 MtCO2e AAUs and 0.9 MtCO2e CERs and ERUs purchased by Japanese private companies in 2011. For 
comparison, in 2009 we tracked 36 MtCO2e and 29 MtCO2e respectively.
170. Sources: Cormier, A., Bellassen, V. The risks of CDM projects: how did only 30% of expected credits come through? CDC 
Climat Research, 2012 and Shishlov, I., Bellassen, V., Leguet, B. Joint Implementation: a frontier mechanism within the borders of an 
emissions cap. CDC Climat Research, 2012 and Deutsche Bank. EU Energy: ETS Reform Should Not Be Set Aside, April 12, 2012. 
Thomson Reuters Point Carbon, Carbon Project Manager, April 26, 2012.
171. The CDM Executive Board was requested to revise the procedures for registration to allow the effective registration date/start of 
crediting period “to be the date on which a complete request of registration has been submitted by the designated operational entity 
where the project activity has been registered automatically.”
172. 330 new projects entering the CDM pipeline in Q1 2011, 385 in Q2, 510 in Q3, and 609 in Q4. Source: World Bank, from UNEP 
Risoe, CDM Pipeline, February 2012. 
173. The Russian increase in issuance of ERUs in 2011 came in response to an amendment to the Russian JI program, signed in 
September 2001, and setting up the ERU issuance limit at 300 million until 2012. Source: CDC Climat Research, Paris. Shishlov, I., 
Bellassen, V., Leguet, B., 2012. Joint Implementation: A frontier mechanism within the borders of an emissions cap (Climate Report 
No. 33). CDC Climat Research.
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AAUs), and the uncertainties regarding the 
bankability of AAUs has a fundamental role to 
play in the existing supply and demand imbal-
ance and market dynamics. In addition, the first 
RMUs were issued in 2011 (see Section 4.2.4). 

5.4 residual deMaNd—290 MTCo2e

Expected gross use of Kyoto assets now stands at 
1.64 billion tCO2e over 2008–12 (up 18% from 
last year), with approximately 65% of demand 
coming from the private sector and 35% from 
governments. 

Adjusting the approximately 2.6 billion CERs 
and ERUs contracted (nominal) for risk of un-
derdelivery, and accounting for AAU transactions 
as well as some secondary transactions by govern-
ments, leads to an estimated residual demand of 
290 MtCO2e of Kyoto assets by the end of 2012 
(up from 136 MtCO2e last year), virtually all from 
European governments (see Table 6).

The three Kyoto flexibility mechanisms are ex-
pected to be used by government buyers to meet 
their demand for Kyoto assets. Although they 
will be able to surrender Kyoto assets until the 
end of the “true-up” period running through 
mid-2015, most remaining purchases are expect-
ed to occur by the end of 2013 as many will use 
the remaining year to fine-tune purchases only 
(by that time, they will have a better handle on 
the actual gap they have to compensate for). Our 
estimates show that over 2008-2011, EU-15 
governments bought less than 50% of the Kyoto 
assets they may need; following the practices seen 
in previous years, it is anticipated that they will 
favor the use of AAUs and secondary offsets to 
meet their residual needs. As an example, Austria 
announced in April 2012 that it sought to buy at 
least 32 million AAUs to cover its entire expected 
shortfall following revised GHG projections.174 

A brief exercise on supply and demand for post-
2012 is provided in Box 8.

potential demand contracted cers and erUs aaUs/rmUs residual demand

(mtco2e)
nominal 

(mtco2e)

adjusted for 
performance

(mtco2e) (mtco2e) (mtco2e)

eU 1,293 2,175 969 79 245

Government (EU-15) 428 259 141 79 208

Private sector (EU 
ETS)

865 1,916 828 0  37

Japan 300 380 169 194 9

Government of Japan 100 34 15 76 9

Japanese private 
sector

200 346 154 119 0 (-73)

rest of annex b 
and others

51 29 13 4 35

Government 46 24 11 0 35

Private sector 5 5 2 4 0 (-1)

total 1,644 2,584 1,151 277 290

Government 574 316 167 154 253

Private sector 1,070 2,267 984 122 37

Note: Numbers may not add up due to rounding.  Although the Government of Switzerland is included in “Rest of Annex B and others,” 
we incorporated the CERs and ERUs contracted by private participants based in Switzerland in “Private section (EU ETS)” as we 
consider that those are purchased by intermediaries based in Switzerland but serving EU ETS participants and EU-15 governments.

table 6: 

potential demand, 

contracted 

supply, and 

residual demand, 

2008-2012

174. Source: Thomson Reuters Point Carbon, Austria to buy 32 mln AAUs: minister, April 4, 2012.
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Emissions trading and other low-carbon 
initiatives around the world 

several domestic and regional loW-carbon initiatives, includ-

ing market mechanisms, emerged in both developed and developing economies in 2011 

and early 2012. The global carbon market witnessed the approval of an ambitious bill 

that will bring a nationwide cap-and-trade scheme to Australia by 2015 and is expected 

to cover roughly 60% of the country’s annual GHG emissions. California’s cap-and-

trade regulation is set to go into effect in 2013, and by 2015 the plan is expected to 

cover 85% of California’s annual emissions. Québec adopted its own cap-and-trade 

plan and is now working toward linking it with California’s (within the context of the 

Western Climate Initiative). Both Mexico and the Republic of Korea got their compre-

hensive climate bills passed a few days apart in April 2012. These initiatives combined 

mean five new jurisdictions are adopting economy-wide cap-and-trade schemes. Now 

the world looks with particular attention to China, which is also among the frontrun-

ners in the race to become a low-carbon economy. Its advanced plan to pilot several 

regional cap-and-trade schemes is expected to provide the foundation for a nationwide 

scheme in the coming years.

In addition to the new initiatives, this section 
also summarizes some of the regional, national, 
and sub-national policy and market-based initia-
tives that currently exist to support global cli-
mate change efforts. While the list of countries 
described is not exhaustive, it does illustrate the 
diversity of measures that are either under con-
sideration or implementation.

6.1 ausTralia

6.1.1 The Clean Energy Future Package

In November 2011, the Australian Parliament 
passed the Clean Energy Legislative Package as 
part of an effort to comply with Australia’s un-
conditional target of reducing net emissions by 
five percent (%) below 2000 levels by 2020.175 

The legislative package, known as the Clean 
Energy Future Package, includes a Carbon Price 
Mechanism (CPM) that is to take effect from July 
2012 and link with international offset markets 
from July 2015, as well as includes significant 

175. The “net emissions” pledge allows for Australia to use international emission reductions to help meet the target.

“the australian parliament 
passed the Clean energy 
legislative package”
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additional measures such as the establishment of 
a Clean Energy Finance Corporation (CEFC) to 
invest A$10 billion in renewable energy over 10 
years from 2013-14 (complementing the exist-
ing Renewable Energy Target which requires that 
20% of Australia’s electricity be produced from 
renewable energy sources by 2020)176 (see Table 
7). The passage of the legislation provides business 
with increased policy certainty following a decade 
of debate on the issue. However, there is still need 
for further regulatory and political clarity. 

The CPM will commence with a fixed price 
for the first three years. The price will be set at 
A$23/ton (€18.50) (indexed annually by 2.5%) 
and will operate similar to a tax. However, the 
Scheme will require participants to acquire and 
surrender permits, tradable as personal prop-
erty and regulated as financial products - quite 

different to an ordinary levy or tax. The purpose 
of this initial phase is to ease the transition to a 
trading scheme, although business groups have 
raised concern that the high fixed price may re-
sult in it instead being punitive to industry and to 
competitiveness. During this phase, scheme par-
ticipants may not surrender international units, 
but may surrender Kyoto-compliant Australian 
Carbon Credit Units (ACCUs) created under 
the Carbon Farming Initiative (CFI) to meet up 
to 5% of their obligation.

From July 2015, the domestic price will float – 
but be subject to a price floor and a ceiling until 
July 2018,177 when the price is to float freely. The 
floor will be set at A$15 and the ceiling will be 
set at A$20 above the international price (indexed 
annually at 4% and 5% respectively). Throughout 
this stage, the number of Carbon Units (CUs) 

176. In addition to complementary measures, the adoption of the legislation has also replaced the need for some existing measures. 
These include the New South Wales Greenhouse Gas Abatement Scheme (GGAS), which the state government has agreed to abandon 
on July 1, 2012, upon commencement of the CPM. The baseline and credit scheme has operated since 2003, targeting emission 
reductions primarily in the state’s electricity sector but also in industry and forestry. Data relating to this scheme is included in this report 
as part of “Other Schemes.”
177.  Domestic ACCUs will not be subject to the price floor or cap. 

table 7: 

australia’s CpM 

at a glance

indicator detail

objective •	 help to lower australia’s carbon emissions by 5% by 2020 (relative to 2000 levels) 
and by 80% (also relative to 2000 levels) by 2050.

Commencement •	 Fixed price period : july 1, 2012;
•	 Flexible price period : july 1, 2015; and
•	 Floating price: july 1, 2018.

Coverage •	 Four kyoto protocol ghg gases: carbon dioxide (Co2), methane (Ch4), 
nitrous oxide (N20), perfluorocarbons (pFCs).  sulphur hexafluoride (sF6) and 
hydrofluorocarbon-23 (hFC 23) will be regulated by non-trading legislation; and 
Broad coverage.  Forestry, agriculture and some transport not covered.

Compliance basis •	 annual, based upon 30 june year-end.

Caps •	 Caps will be set by May 2014 for the first five years of the flexible price period of the 
CpM; and

•	 each year thereafter a further year’s cap will be determined such that there will 
always be caps set five years in advance.

•	 eligible from july 1, 2015 (up to 50% of annual obligation for liable entities);

international offsets •	 qualitative restrictions apply to some Cers; and
•	 subject to a ‘surrender charge’ during the flexible price period.

assistance •	 households to be the largest recipients of assistance; and
•	 The bulk of sectoral assistance will be provided primarily in the form of free permits to 

trade exposed industries.
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made available by the Government will be limited 
by a cap which will be set by May 2014 for the 
first five years of the flexible price period of the 
CPM. Each year thereafter a further year’s cap will 
be determined such that there will always be caps 
set five years in advance. The flexibility to set the 
fifth year cap annually contrasts with the EU ETS 
and is designed to ensure that the caps underpin 
Australia’s medium- and long-term targets, taking 
into account a range of economic, environmental 
and other relevant factors. Of the CUs made avail-
able, a portion will be freely allocated to business-
es to support jobs and competitiveness and to ease 
the transition. The remainder will be sold by the 
Clean Energy Regulator (the Regulator) at auc-
tion. During this period, scheme participants may 
also purchase international offsets to meet 50% of 
their obligations to 2020 in addition to ACCUs 
for which there will be no quantitative restriction.  

The CPM is expected to cover approximately 
500 businesses representing 60% of Australian 
GHG emissions from electricity generation, in-
dustrial facilities, fugitive emissions, and some 
landfills sectors.178 An equivalent carbon price 
will be applied to some business transport emis-
sions; big fuel users may opt into the scheme. 
The agricultural and land sectors will not be cov-
ered, but emission-reducing opportunities are 
offered through the CFI.  

Figure 20 indicates the sectoral impact of the 
Scheme and measures to achieve Australia’s 
mitigation target. Several sectors will receive as-
sistance in the form of free permits: electricity 
generators will receive A$5.5 billion over five 
years; Emissions-intensive Trade-exposed (EITE) 
industries will receive A$8.6 billion to 2015179 in 
the form of free permits set at two assistance lev-
els (94.5% or 66%) as well as grants to increase 
energy efficiency. Households will be the largest 
recipients of assistance with over A$15.1 billion 

allocated to low- and middle-income households 
over four years.

From July 2015, scheme participants can meet 
up to 50% of their emissions obligation with 
international units. Unlike the EU ETS, there 
are not yet constraints on the geographic origin 
of international units or constraints on units 
from projects registered post-2012 (see Table 
8). Like New Zealand, Australia may therefore 
be a source of demand for those CERs that will 
no longer be eligible in the EU ETS starting in 
2013. Scheme participants may also surrender 
any international units which might subsequent-
ly be allowed by the Australian Government. 
Importantly, the Government reserves the right 
to disallow the use of some international units 
at any time to ensure the environmental integ-
rity of the Scheme.180 The Australian market will 
need to manage the risk around changing eligi-
bility with reference to this. 

figure 20: 

estimated 

changes to 

the national 

generation mix in 

2011 and 2050

Source: Department of Climate Change and Energy Efficiency, 
Australian Treasury Modeling, Strong Growth, Low Pollution, 
Modeling a Carbon Price, Update (2011).

178. Source: Australian Government, Clean Energy Future Fact Sheet, Carbon Pricing Mechanism: Who is liable?
179. Source: Australian Government, Mid-year Economic and Fiscal Outlook 2011-12.
180. The Government may allow other international units by regulation where they do not compromise the CPM’s environmental integrity 
and with advance notification to the market. For disallowed units, liable parties will be able to use such units for the compliance year in 
which they were disallowed, but not subsequently. This effectively represents a “grace period” of 7-19 months in case of regulatory change, 
compared with the EU ETS “grace period” of 6 months - 3 years from which a decision to exclude a project type may enter into force.



76 State and Trends of the Carbon Market 2012

Figure 21 indicates the anticipated level of 
Australia’s net emissions (with a carbon price) 
to meet its commitment to a 5% reduction on 
2000 emissions levels by 2020 and the antici-
pated extent of imports of international units.182 
The Australian Treasury estimates that these 
could reach 97 million tCO2e at 2020; this 

assumes, amongst other things, a A$29 (€23.3) 
carbon price.183 It is also estimated that roughly 
350-400 MtCO2e of international units will be 
imported over the entire 2015-2020 period.184 

This equates to approximately 26% of covered 
emissions in 2020. Secondary CERs, rather than 
primary CERs, are likely to represent the bulk 

international unit eligibility*

cpm eU ets nZ ets

Cers ✔ ✔ ✔

Cers – registered post 2012 and outside of ldCs ✔ ✖ ✔

Cers - hFC-23, adipic acid, nuclear, afforestation, reforestation and large 
scale hydro not compliant with world Commission on dam guidelines ✖ ✖

✖

ex. large hydro

erus ✔ ✔ ✔

rMus ✔ ✖ ✔

*Subject to restrictions

table 8: 

eligibility of 

international 

units in 

compliance 

markets181
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181. Source: Australian National Registry of Emissions Units Bill 2011; New Zealand Government, The New Zealand Emissions Trading 
Scheme, Guidance on the use of CERs in the NZ ETS¸ February 2012; Kossoy, A. and Ambrosi, P., State and Trends of the Carbon 
Market 2010, What lies ahead for the EU ETS and Annex I: Supplementarity under the EU Climate and Energy Package, pages 17 
and 63, respectively, June 2010.
182. Based on results from Australian Treasury Modeling, SGLP, Modeling a Carbon Price, Update, 2011.
183. Source: Australian Government Treasury, Strong Growth, Low Pollution, Modeling a Carbon Price - September, 2011.
184. Sources: Australian government (communication) and Thomson Reuters Point Carbon, Carbon Market Australia-New Zealand, 
October 2011.
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of this abatement as these units are highly liquid 
and fungible and currently trade at relatively low 
prices, especially given the strong Australian dol-
lar.185 However, it is important to note that, dur-
ing the flexible price period, entities that choose 
to surrender international permits will need to 
pay an additional surrender charge on top of the 
international permit price.186 The Government 
has released a discussion paper that outlines 
four different ways to implement the surrender 
charge. The options discussed range from valu-
ing the offset at the actual price versus the market 
price at the time it was purchased versus the mar-
ket price at the time of surrender. The introduc-
tion of the surrender charge has been the sub-
ject of extensive discussions, including whether 
its implementation constrains the capacity for 
scheme participants to meet their obligations in 
a flexible, low-cost way. 

Despite the scheme’s liberal linking provisions 
and low international unit prices, purchases of 
these units are likely to be depressed until further 
clarity is provided on:

•	 The structure of the Government’s Surrender 
Charge, to be clarified in forthcoming regulations.

•	 The level of the caps that will be set by a non-
political and independent Climate Change 
Authority and will help to inform scheme 
participants of their need for offsets.

•	 Overall political situation, given pledges by 
the opposition leader to repeal the carbon 
price after the next election. 

In the absence of international unit purchases, a 
range of domestic trading opportunities may arise 
in the medium term. These include the trade of:

•	 Freely allocated CUs that may be sold to other 
entities or back to the government. However, 
in the fixed price stage, these units cannot be 
banked into subsequent periods.

•	 Auctioned CUs: The government is likely 
to commence advance auctions of up to 15 
million CUs for each floating price year. 
Although the timetable has not yet been set, 
the government’s proposal is to commence 
auctions in FY 2013-14, most likely in early 
2014.187,188

•	 ACCUs. These credits will be an attractive 
option during the fixed-price period if they 
trade below the fixed price. However, as 
ACCUs are a new type of unit, there is as yet 
no set pricing for them. 

•	 Exchange products. Australia’s main bourse, 
the Australian Stock Exchange (ASX), is ex-
pected to introduce carbon futures trading, 
offering both CUs and A$ denominated in-
ternational units.

The CPM is designed to link with other emis-
sions trading schemes operating internation-
ally. The Australian Government is engaged in 
discussions with the European Union and New 
Zealand regarding the possibility of linking their 
schemes with the CPM. 

“it is also estimated that roughly 
350-400 MtCo2e of international 
units will be imported over the entire 
2015-2020 period. secondary Cers, 
rather than primary Cers, are likely to 
represent the bulk of this abatement”

185. A question remains as to whether Australian entities may be able to use CERs if its government decides not to sign up for the 
second commitment period of the KP.
186. When the international price is lower than the floor price.
187. Source: Australian Government, Legislative Instrument for auctioning carbon units in Australia’s Carbon Pricing Mechanism, 
February 2012. This position paper indicates that the government’s preferred position is to implement a sequential ascending clock 
auction. Accordingly, bidders will not be permitted to increase the bid quantity as the auction progresses. This type of auction is 
designed to optimize price discovery and contrasts with EU trading auctions, which are mainly uniform price sealed bid auctions (price 
discovery is less of an objective as a liquid secondary market exists). The government is expected to finalize the auction design in the 
first half of 2012.  
188. While auctioning CUs ahead of the next federal election may reduce the risk that the opposition party, if elected, will unwind the 
scheme, there is also concern that a pre-election auction would see limited demand due to perceived sovereign risk.
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6.1.2 The Carbon Farming Initiative

Alongside the CPM, the Australian Government 
has also formally launched the first regulated pro-
gram that allows abatement activities from the 
land sector to generate carbon offsets. ACCUs 
will be issued in respect of each ton of abatement 
achieved by: 

•	 Reducing or avoiding emissions (e.g., capture 
of methane emissions from landfills, reducing 
emissions from savannah burning, livestock 
production, and fertilizer use).

•	 Removing carbon from the atmosphere 
through bio-sequestration (e.g., growing 
trees) or sequestration within the ground 
(e.g., soil carbon).

CFI abatements that count toward Australia’s 
Kyoto Protocol target can earn Kyoto ACCUs 
that will be fungible in both the CPM and in the 
international compliance market established un-
der the Kyoto Protocol. Eligible sources include 
reforestation, and reducing emissions from live-
stock, manure, fertilizer, and waste deposited in 
landfills (before July 1, 2012). Some sources of 
CFI abatement will not be included in Australia’s 
national greenhouse accounts under the Kyoto 
Protocol. Through the CFI, these activities can 
earn non-Kyoto ACCUs. Eligible sources in-
clude soil carbon, feral animal management, 
and improved forest management. 

ACCUs will also only be issued for additional 
abatement. This means that ACCUs will not be 
available for projects that are required by law 
(regulatory additionality), or activities that are 
common practice and already widely adopted. 
While regulatory additionality will be assessed 
for individual projects, activities that go be-
yond common practice will be assessed using a 
Positive List. This approach assesses additionality 

for activities rather than for projects and, there-
fore, represents a streamlined way of identifying 
activities that are not common practice. The CFI 
is one of the first carbon offset schemes to use 
a Positive List approach to additionality. As at 
February 2012, three activities have been identi-
fied as Positive List activities: vegetation and wet-
land restoration, legacy landfill gas, and livestock 
management. 

ACCU supply is expected to be limited at the out-
set, due to the long lead-time of projects, meth-
odological complexity and uncertainty over mea-
suring emissions.  The Government has estimated 
abatement from Kyoto ACCUs at 7 MtCO2e 
in 2020.189  The CPM will provide demand for 
Kyoto ACCUs, while the Australian Government 
will be a direct source of demand for non-Kyoto 
ACCUs in order to support the development of 
these projects, for which it has allocated A$250m 
over six years from 2012-13 for this purpose. 
In addition, Australia’s National Carbon Offset 
Standard190 will be amended to recognize both 
Kyoto and non-Kyoto ACCUs as eligible. 

While abatement opportunities are likely to be 
leveraged in the medium to long term, the CFI 
offers an important opportunity for road testing 
approaches to land-use offsets and additionality 
through positive lists. As such, the scheme has 
been awarded bipartisan support. 

6.2 New ZealaNd

In its third surrender year for mandatory sectors, 
New Zealand’s Emissions Trading Scheme (NZ 
ETS) closely tracked international markets given 
low international offset prices. A government-
appointed review of the scheme was also com-
pleted; it recommended that the scheme contin-
ue, but at a slower pace. This recommendation 

189. Source: Australian Treasury Modeling, Strong Growth, Low Pollution, Modeling a Carbon Price. Update 2011. 
190. National Carbon Offset Standard – The Australian Government introduced the National Carbon Offset Standard (NCOS) on July 1, 
2010 to provide national consistency and consumer confidence in the voluntary carbon market. The standard serves two primary functions 
– it provides guidance on what is a genuine voluntary offset and sets minimum requirements for calculating, auditing and offsetting the 
carbon footprint of an organization or product to achieve ‘carbon neutrality’.
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was on the basis that New Zealand is on track to 
meet its Kyoto Protocol obligations (emissions to 
remain at 1990 levels) as well as its conditional 
10-20% reduction target by 2020 and 50% re-
duction target by 2050.  

The independent government-appointed review 
of the NZ ETS, published in September 2011, 
considered the operation and effectiveness of the 
scheme since it commenced for forestry in 2008 
and for energy producers, industrial processes, 
and transport in 2010. In view of the status of 
UNFCCC negotiations, and actions by its key 
trading partners, the Review also provided rec-
ommendations on how the scheme should oper-
ate post-2012, as follows:

•	 Gradually scaling up the current provision 
to surrender one emission unit for every two 
tCO2e from 2013 to 2015 (increasing at in-
tervals of 67% in 2013, 83% in 2014, and 
100% in 2015).

•	 Agriculture surrenders one unit per every two 
tCO2e for the first two years of its entry into 
the ETS in 2015.191

•	 Including the waste sector and the synthetic 
gas sector in 2013.  This will cover methane 
from landfills, and hydrocarbons and perflu-
rocarbons for refrigeration and other uses.

•	 Maintaining commitments to cover agricul-
ture from 2015 and exclude any price floors.

•	 Scrutinizing the eligibility of Certified 
Emission Reductions (CERs) generated from 
hydrofluorocarbon-23 (HFC 23) and nitrous 
oxide (N2O) projects on the basis of environ-
mental integrity and supply-side concerns. 
The government responded by regulating 
a ban on these credits from December 23, 
2011.192  

In April 2012, the government released a con-
sultation paper that considers these recommen-
dations. The paper proposes a raft of changes in 
an effort to improve the operation of the ETS 
and to create more consistent incentives for 
domestic abatement. Some of the key propos-
als include setting an absolute cap on covered 
emissions; limiting the use of international off-
set credits; maintaining the NZ$25 price ceil-
ing beyond 2015; changing the ETS rules for 
pre-1990 forest-owners to bring them into line 
with new international forestry rules decided at 
COP 17 in Durban last year; and allocating al-
lowances through auctions from 2014 or 2015. 
Once the public consultation phase is complete, 
an amendment bill is expected to follow.  

In 2011, scheme participants secured enough 
secondary CERs to achieve compliance for the 
next two to three years,193 given low CER prices, 
a strong New Zealand dollar, and the scheme’s 
100% international offset provisions. Domestic 
activity in the NZ ETS has been assessed based on 
the internal transfers194 tracked within the New 
Zealand Emissions Unit Register (NZEUR). It 
indicates that about 27 million New Zealand 
units (NZUs) changed hands in 2011, represent-
ing a total value of US$351 million.195  

The steady inflow of international offsets placed 
pressure on domestic emission permits, which 
fell from NZ$20 in May to converge close to 
secondary CERs, at NZ$7.00, in December 
2011. While this has dampened the short-term 
incentive to increase forest coverage, some forest-
ers remain present in the market and, according 
to brokers, have been buying back New Zealand 
Units (NZUs) that had been previously sold at 
higher prices. Prior to the slump in domestic 
prices, forest plantings had risen 27% in the year 
to April 1, 2011.196  

191. To increase by NZ$5 each year.
192. Credits already purchased from these projects may be used for compliance in 2012 and 2013.  
193. According to local brokers.
194. It is therefore conservatively assumed that most transactions are made on a spot basis, given the low level of maturity (most 
demand-side participants joining the ETS in July 2010) and sophistication of the market (absence of exchange-based trades).
195. Source: Prices kindly provided by Westpac.
196. Source: Thomson Reuters Point Carbon, Carbon scheme boosts NZ tree planting, December 20, 2011.  
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In addition to its liberal international linking 
provisions with the Kyoto Protocol’s flexibility 
mechanisms, New Zealand is considering link-
ing with the Australian carbon market from 
2015. As in Australia, a question remains as to 
whether New Zealand entities will be able to ac-
cess CERs if its government decides not to sign 
up for a second commitment period of the KP. 

6.3 NorTh aMeriCa197

6.3.1 Regional Greenhouse Gas Initiative

In 2009, the Regional Greenhouse Gas Initiative 
(RGGI) was launched. It became the first man-
datory Emissions Trading Scheme (ETS) in 
the United States, and it covers emissions from 
power plants in the Northeast and Mid-Atlantic 
States198 through to 2018. The scheme is charac-
terized by three compliance periods, the first of 
which was completed in 2011. Over the course 
of the first compliance period, emissions across 
the 10 participating states remained relatively 
stable, declining only 2.7 million short tons of 

CO2e (stCO2e)199 from 123.7 million stCO2e 
(MstCO2e) to 121 MstCO2e. This is 36% low-
er than the annual cap, which was set at 188 
MstCO2e, based on an analysis of 2000-2004 
emissions. The primary catalysts for the decline 
in emissions from 2005 onward include lower 
electricity demand due to the development of en-
ergy efficiency measures and weather conditions; 
fuel switching from coal and petroleum to gas 
triggered by lower relative natural gas prices; and 
increasing power generation from non-emitting 
sources such as nuclear and renewable energy.
 
The first compliance period of the scheme was 
therefore marked by significant over-allocation 
and prices that tracked the US$1.86 floor price 
(US$1.86 in 2010 and US$1.89 in 2011) from 
September 2010 onward (see Figure 22).  

Coinciding with the over-allocation of permits 
and low prices, the share of secondary market 
exchange-based transactions fell from 85% in 
2009 to 6% in 2011, with most transactions 
conducted on a bilateral spot basis. The average 
daily volume of RGGI futures contracts listed 
on the Chicago Futures Exchange (CCFE) de-
clined by a factor of 100 over the same period, 
from an average daily volume of 2.7 MstCO2e in 
2009 to 0.28 MstCO2e in 2011. The little dif-
ference between the average settlement price of 
auctions (US$1.89/stCO2e) and that of bilateral 
transactions through the RGGI CO2 Allowance 
Tracking System (RGGI COATS) (US$1.91/
stCO2e) in 2011 tends to show that most bilat-
eral transactions were spot. Such a radical move 
may hint at a decreasing interest from compli-
ance participants in hedging positions through 
derivatives contracts in the context of an over-al-
located market, and/or the exit of some financial 
participants that used to provide liquidity onto 
the CCFE platform.

197. The sequence of jurisdictions follows alphabetical order.
198. Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island, and Vermont. 
199. A short ton of CO2e is equal to 0.9072 metric tons of CO2e. For the sake of data homogeneity with other markets, we convert 
volumes in metric tons in our global market figures in Chapter 1 (i.e., in 2011, 132x0.9072 = 120MtCO2e).  
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As of December 31, 2011, 89% of first compli-
ance period CO2 allowances were sold at auc-
tion. Since commencement in September 2008, 
auction revenues have totaled about US$952 
million200 and have been roughly allocated across 
all RGGI states on an average basis as follows:201

•	 48% to energy efficiency programs promot-
ing new installations and retrofits in residen-
tial and commercial facilities (e.g., insula-
tion). These measures are estimated to have 
generated electricity bill savings of US$1.3 
billion for residential, commercial, and in-
dustrial consumers across the participating 
states. Savings in non-electric energy supply 
(natural gas, heating oil) amount to an ad-
ditional US$174 million;

•	 20% to states’ general budgets;
•	 14% to direct electricity bill assistance;
•	 7% to support renewable power generation;
•	 11% to various other environment related 

programs and outreach activities.  

Although electricity generators lost US$1.6 bil-
lion in revenue over the period (2009-2011) due 
to lower demand caused by RGGI-funded energy 
efficiency investments, consumer gains and other 
benefits, including cash injection into the econ-
omy, led to a net economic impact of US$1.6 
billion and the creation of 16,000 jobs.202

Only nine states will participate in the second 
compliance period, from 2012-2014, following 
New Jersey’s announcement that it would with-
draw from the program in 2011.203 The annual 

cap for this period is set at 165 MstCO2e, still 
far above the trend for emissions. However, in 
2012, the program embarked on a comprehen-
sive review, as specified in the 2005 memoran-
dum of understanding establishing the RGGI. 
The review is expected to result in a set of recom-
mendations for consideration in late-2012, and 
will be applied, following relevant rulemaking, 
legislative, and public processes in each partici-
pating state. The states are working with stake-
holders to evaluate key program design elements, 
such as the redefinitions of the cap trajectory and 
the price floor level, the introduction of further 
price collars, imported electricity and associated 
emissions,204 and the place of the offset program 
in the scheme. 

6.3.2 California, Québec and the Western 
Climate Initiative

In 2007, the Western Climate Initiative (WCI) 
was launched; it now encompasses the Canadian 
provinces of British Columbia, Manitoba, 
Ontario, and Québec, as well as the U.S. State 
of California. Since then, all partners have 
been working together to develop harmonized 
cap-and-trade legislation, with the intention to 
have their laws be adopted, implemented, and 
regulated under each jurisdiction’s authority. In 
November 2011, a nonprofit corporation WCI, 
Inc., was created to provide the partners with ad-
ministrative and technical support to help them 
operate their programs. In 2011, California and 
Québec were the first two jurisdictions to adopt 
cap-and-trade regulations. Although some of 

200. A total of 22% of the allowances offered at auctions were not sold. In  December 2011, the states of Connecticut, Delaware, 
Maryland, Massachusetts, New York, Rhode Island, Vermont, and, by default, New Jersey, announced their intent to retire 93.6% of those 
unsold allowances from the market; the States of Maine and New Hampshire had not, as of early April, agreed to do the same..
201. Source: P. J. Hibbard, S. F. Tierney, A. M. Okie, P. G. Darling, The Economic Impacts of the Regional Greenhouse Gas Initiative 
in Ten Northeast and Mid-Atlantic States. Review of the Use of RGGI Auction Proceeds from the First Three-year Compliance Period, 
Analysis Group, 2011.
202. Source: P. J. Hibbard, S. F. Tierney, A. M. Okie, P. G. Darling, The Economic Impacts of the Regional Greenhouse Gas Initiative 
in Ten Northeast and Mid-Atlantic States. Review of the Use of RGGI Auction Proceeds from the First Three-year Compliance Period, 
Analysis Group, 2011.
203. Source: Department of Environmental Protection, State of New Jersey. Notice of withdrawal of agreement to the RGGI 
memorandum of understanding, November 29, 2011. 
204. An econometric analysis performed by the New York Independent System Operator (the electricity grid administrator) finds no 
evidence of interstate leakage from 2008-2010 caused by RGGI compliance costs, but does forecast such impact with higher RGGI 
allowance prices. Source: A. G. Kindle, D. L. Shawhan. An Empirical Test for Inter-State Carbon-Dioxide Emissions Leakage Resulting 
from the Regional Greenhouse Gas Initiative. New York Independent System Operator Inc., and Rensselaer Polytechnic Institute, 2011.
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them are reported to be facing their own politi-
cal challenges,205 the other three WCI partners 
continue efforts to develop and adopt their re-
spective programs. As recommended by WCI 
rules,206 California and Québec are now working 
toward linking from the start of their programs 
in January 2013. 

6.3.2.1 California
The Global Warming Solutions Act of 2006 
– known as Assembly Bill (AB) 32 – requires 
California to cut GHG emissions to 1990 levels 
by 2020 and directs the California Air Resources 
Board (CARB) to develop and adopt regulations 

across the state economy to provide incentives 
for reducing the state’s dependence on fossil fu-
els, stimulating investment in clean and efficient 
technologies, and improving public health.207 
Under AB 32, a 2008 Scoping Plan was created 
which calls for the establishment of a broad-based 
cap-and-trade scheme as the core instrument of 
California’s climate change strategy. The cap-
and-trade scheme is to cover 85% of statewide 
GHG emissions of which transport and power 
accounted for 38% and 25% in 2008 respectively 
(see Figure 23).208 It joins a suite of other major 
measures, including standards for ultra-clean cars, 
low-carbon fuels, and renewable electricity.209

205. Source: Lancaster. R, Counting Down Carbon Trading magazine, February 2012.
206. Source: Western Climate Initiative, Design for the WCI Regional Program, 2010.
207. Source: State of California, Global Warming Solutions Act of 2006, 2006.
208. Source: California Air Resources Board, California Greenhouse Gas Inventory for 2000-2008, 2010.
209. The main measures in the electricity sector include the expansion of the 2002 Renewable Portfolio Standard (RPS) up to 2020, 
with a 33% target for the share of renewable energy in utilities’ power generation or procurement, as well as energy efficiency standards 
for buildings and new appliances. For transport, a “Low Fuel Carbon Standard” sets a 10% carbon intensity reduction target for fuel 
vehicles by 2020, and a “Low Emission Vehicle” (LEV) program will further bring down existing emission standard targets for new 
passenger motor vehicles produced up to 2025. Source: California Air Resources Board, State of California, Climate Change Scoping 
Plan, 2008.
210. CARB’s 2020 forecast includes projected reductions from existing RPS and LEV programs (38 MtCO2e in total). Cap data results 
from the total allowance budget minus the allowances set aside in the Price Containment Reserve (PCR, thereafter described) and 
Voluntary Renewable Electricity (VRE) program. The result is a 16% reduction from business-as-usual (BAU) levels in 2020 for total 
emissions and 24% for those under the cap. Source: California Air Resources Board, California GHG Emissions - Forecast (2008-
2020), 2010.
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California’s cap-and-trade regulation was adopted 
by CARB in October 2011 and will be enforced 
from January 1, 2013. In the program’s first com-
pliance period (2013-2014), it will cover large sta-
tionary sources that emit at least 25,000 tCO2e per 
year in the industry and electricity sectors, includ-
ing out-of-state generation (i.e., imports). From 
2015, distributors of transportation, residential, 
and commercial fuels will enter the scheme, bring-
ing the number of covered entities to about 600. 
The cap is set in 2013 at about 2% below CARB’s 
2012 emissions level forecast, declines 2% in 2014, 
and then 3% annually from 2015.211

Allocation to industrial facilities is based on a 
carbon emissions efficiency benchmark specific 
to each manufactured product. Facilities with 
products too complex for product benchmark-
ing will be given their allocations using an en-
ergy-based allocation method. From scheme 
commencement, they will receive most allow-
ances for free to lessen the financial impacts of 
the scheme and minimize emissions leakage. 
For those with the least level of trade exposure 
and emissions leakage risks (e.g., pharmaceutical 
and medicine manufacturing), the share of free 
allowances will decline from 100% in the first 
compliance period (CP1) down to 50% in CP2 
and 30% in CP3. In the power sector, only dis-
tributors – as opposed to generators – will be giv-
en free allowances. Private entities, referred to as 
Investor Owned Utilities (IOUs), are required to 
fully monetize them at auction; Publicly Owned 
Utilities (POUs) can also use them to cover 
compliance obligations. The California Public 
Utilities Commission (CPUC), which regulates 
IOUs, is currently looking at how to spend the 
resulting proceeds to maximize end-consumers’ 
benefits on their electricity bills. Additional al-
lowances will be accessible through quarterly 

auctions, the first of which is expected to be held 
on November 14, 2012.212 The minimum bid is 
set at US$10 in 2012, and will increase 5% (plus 
inflation) annually. In its 2012-2013 budget, 
California’s Department of Finance estimates it 
will receive US$1 billion in revenues from auc-
tions. Half is planned to be used to cover the 
state’s costs related to GHG mitigation activi-
ties, while the remaining half shall be invested in 
clean and efficient energy, low–carbon transpor-
tation, natural resource protection, and sustain-
able infrastructure development.213

Several cost-containment mechanisms will be es-
tablished to limit compliance participants’ expo-
sure to high prices. A percentage of each annual 
allowance budget will be set aside in an Allowance 
Price Containment Reserve (PCR). Those allow-
ances will be available to compliance participants 
from 2013, at a fixed pre-determined price and 
until the reserve is exhausted, if these face or ex-
pect high prices (see Annex 4: California’s Cap-
and-Trade Design Features). The use of offsets 
is limited to 8% of covered entities’ compliance 
obligation, which amount to a maximum of 218 
MtCO2e over 2013-2020.214 

Eligible offsets can be generated through four 
sources: 

•	 “Compliance Offsets Credits” issued by 
CARB from a project in the U.S. or its 
Territories, Canada, or Mexico, and devel-
oped according to a compliance offset proto-
col approved by CARB. As of today, four off-
set protocols have been approved by CARB: 
U.S. Forest Projects, Livestock Projects, 
Ozone Depleting Substances Projects, and 
Urban Forest Projects. The four approved 
protocols restrict eligible activities to the 

211. The cap in Figure 23 is the annual allowance budget netted by the allowances joining the Allowance Price Containment Reserve.
212. Source: California Air Resources Board, Testimony of Chairman Mary D. Nichols at Senate Select Committee on Environment, 
Economy & Climate Change, 2012.
213. Source: Department of Finance of the State of California, Governor’s Budget 2012-2013, Environmental Protection Budget, 2012. 
214.  28.0 MtCO2e over 2013-2014 (CP1), which is 8% of the allowance budget for that period, 99.8 MtCO2e in CP2, and 90.3 
MtCO2e in CP3.
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U.S., which means that additional protocols 
would be needed for projects to be in Canada 
or Mexico. Additional protocols are currently 
under consideration.215 

•	 “Early Action Offsets Credits” issued by 
a voluntary program approved by CARB, 
and generated from a U.S.-based project 
developed according to a CARB-approved 
protocol for emission reductions and/or se-
questration achieved between January 2005 
and December 2014. Before an Early Action 
Offset Credit can be transacted on CARB’s 
tracking system and/or used for compli-
ance, it must first undergo regulatory veri-
fication and review. CARB will then issue a 
Compliance Offset Credit, based on a one-
to-one basis. As of today, only four Climate 
Action Reserve (CAR) project types can gen-
erate Early Action Offset Credits.216 As of 
April 5, 2012, CAR had issued 7.5 million 
Climate Reserve Tons (CRTs) under those 
four protocols. Of these, 1.2 million CRTs 
have been retired for voluntary purposes, 
leaving approximately 5.3 million CRTs 
available for conversion for compliance use. 
CAR expects to issue 29.5 million of those 
by the end of CP1 in 2014.217 Should all of 
them be compliance-oriented and succeed in 
converting to CARB-issued compliance off-
sets, they could support the entire demand 
for offsets for CP1 (i.e., 28 MtCO2e).  

•	 “Sector-Based Offset Credits” from crediting 
programs (including REDD) in an eligible 
developing country or some of its jurisdic-
tions. Such credits are subject to a sub-limit 
of 2% of compliance obligation in CP1, and 
4% in CP2 and CP3, which represents about 
97.7 MtCO2e maximum over 2013-2020. 

Following the signature of a Memorandum 
of Understanding with the states of Acre in 
Brazil and Chiapas in Mexico in 2010, a 
“REDD Offset Working Group” was estab-
lished to inform the potential inclusion of 
such credits. This will, however, be subject to 
further regulation.

•	 Compliance Offset Credits issued by a 
linked regulatory program, subject to further 
rulemaking.

All offset credits issued by CARB are subject to 
an invalidation provision, under which CARB 
may remove or require replacement of those 
credits, the generation of which has proved to 
result from an over-estimation of the GHG re-
duced and/or removed or be in breach of ap-
plicable law. This provision has attracted strong 
criticism from the industry as it places poten-
tial liability on buyers of the credits.218 In April 
2012, the CPUC approved rules for IOUs’ car-
bon procurement. These require that IOUs only 
engage in bilateral transactions of carbon units in 
the secondary market through public Requests 
for Offers. The rules also restrict offsets procure-
ment to spot transactions219 and forbid the pur-
chases of early action credits.

California’s market has yet to take off, as it has 
been hampered by strong regulatory uncertain-
ty; this is largely due to several legal challenges 
faced by the cap-and-trade scheme in the past. 
The absence of IOUs, whose authorization and 
conditions for participation have yet to be ruled 
by CPUC, has also restrained market liquidity. 
Exchange-based trading of California Carbon 
Allowances (CCAs) started in September 2011 
with the introduction of derivatives contracts 

215. Notably, some of the protocols developed by the American Carbon Registry: Emissions Reductions in Rice Management Systems, 
N2O Emissions Reductions from Changes in Fertilizer Management, and Conversion of High-Bleed Pneumatic Controllers in Oil & 
Natural Gas Systems.
216. Several CAR protocols can be used to cover the four project types for which CARB has a compliance offset protocol. These are 
the Climate Action Reserve Urban Forest Project Protocol versions 1.0 through 1.1, U.S. Ozone Depleting Substances Project Protocol 
version 1.0, U.S. Livestock Project Protocol versions 1.0 through 3.0, and Forest Project Protocol version 2.1 and versions 3.0 through 
3.2.
217. Source: Climate Action Reserve, Projections of future CRT issuance, April 5, 2012.
218. Source: International Emissions Trading Association, IETA submission to CARB on AB32 program rules during first commenting 
period, 2011.
219. Source: Public Utilities Commission, State of California, Decision on System Track I and Rules Track III of the Long-Term 
Procurement Plan Proceeding and Approving Settlement, April 2012.
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on the ICE and the Green Exchange. A total 
of 3.927 million CCAs were exchanged, mostly 
through ICE’s OTC platform.220 In addition, 
Point Carbon tracked 196,000 CCAs that were 
exchanged bilaterally. We estimate the total value 
for the CCA market in 2011 at US$63 million.

In 2011, 7.375 million tons of U.S. domestic off-
sets subject to transactions motivated by compli-
ance in California (US$67.7 million value) were 
tracked.221 A series of contracts have emerged 
on the market, and as many price references, 
according to the risk of eligibility in the future 
compliance regime of the underlying assets. The 
“CARB guaranteed offset contract” captures the 
highest value, as it provides buyers with the guar-
antee to be delivered CARB-issued Compliance 
Offset Credits at expiration and guarantees that, 
if the credits are revoked by CARB, the seller 
will replace them. According to Point Carbon, 
the corresponding December 2013 forward con-
tract traded at an average US$12.25 in March 
2012, which was 12.5% off the CCA price (see 
Figure 24). This discount can be explained by 
the 8% offset utilization limit applied to offset 

credits – as opposed to CCAs, which have no 
offset limits and thus enjoy higher liquidity. 
In addition, offsets carry the invalidation risk, 
unique to California’s market, and therefore dif-
fer from that existing between EUAs and CERs 
in the EU ETS. The “CARB non-guaranteed 
offset contact” traded at a 12% discount from 
the latter offset. These contracts do not provide 
a guaranty that a credit will be replaced in case it 
is revoked. A third category of contract provides 
delivery of credits issued by the Climate Action 
Reserve, the so called “Climate Reserve Tons 
(CRTs)”, under four protocols – U.S. forest, 
ozone-depleting substances, livestock methane, 
and urban forestry – from 2005-2014, eligible 
to be converted into CARB Early Action Offset 
Credits. In March 2012, those voluntary credits, 
yet regarded as “pre-compliance,” ranged from 
US$7.75 to US$8.25, which is roughly 35% 
below the price of CARB-guaranteed offsets. 
This discount therefore reflects the risk attached 
to the further regulatory verification and review 
which is necessary for eligible CRTs to be con-
verted into compliance offset credits by CARB.
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220. Green Exchange lists futures and option contracts for delivery in Decembers 2012, 2013, 2014, and 2015. 0.025 Million CCAs 
Futures were traded in 2011. ICE offers OTC clearing services on forward and option contracts for delivery in December 2012, 2013, 
2014, and 2015. A total of 2.377 million futures and 1.525 million options were cleared on ICE in 2011.
221. Thomson Reuters Point Carbon communication.
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6.3.2.2 Québec
In 2009, Québec emitted 81.8 MtCO2e, ac-
counting for 11.9% of Canada’s GHG emis-
sions.222 The 2009 per capita GHG emissions 
stood at 10.4 tCO2e, which is almost half of the 
nationwide figure.223 As in California, the trans-
port sector accounts for the largest share of GHG 
emissions, with 43.5% of the total; these have 
increased 26.6% from their 1990 level. Industry 
stands at 28%, buildings at 14%, agriculture at 
7.9%, waste at 5.9%, and electricity generation 
at 0.8%. It is in the last sector that Québec dif-
ferentiates itself the most from California (25% 

of total GHG emissions), as 97% of its electric-
ity is sourced from hydropower plants.224 

In November 2009, Québec adopted the target 
to reduce GHG emissions to 20% below 1990 
levels by 2020; this is equivalent to a 19% drop 
by 2020 from a business-as-usual scenario (see 
Figure 25).225 A key instrument to achieve the 
target will be a cap-and-trade program passed in 
December 2011226 within the broader context of 
the WCI, which will start operations in January 
2013. Québec joined WCI in April 2008.227

222. GHG inventory excludes emissions from land use, land-use change, and forestry (LULUCF). Source: Ministry of Sustainable 
Development, Environment and Parks of Québec. Inventaire Québécois des émissions de gaz à effet de serre en 2009 et leur évolution 
depuis 1990, 2011.
223. Canada’s per capita GHG emissions stood at 20.5 tCO2e. For reference, Alberta reached 63.7 tCO2e per capita in 2009, and 
California 13.1 tCO2e per capita.
224. Source: Ministry of Natural Resources and Wildlife of Québec.
225. Projections from Québec’s Ministry of Sustainable Development, Environment and Parks. Source: Ministry of Sustainable 
Development, Environment and Parks of Québec, Etat des lieux de la lute contre les changements climatiques au Québec, 2011.
226. The cap-and trade program is part of the Québec’s Climate Change Plan. The first Plan covered 2006-2012 and its measures 
resulted in a drop of 2.5% of GHG emissions from 1990 to 2009. New measures will be defined in the upcoming Plan will cover 2013-
2020. Source: Ministry of Sustainable Development, Environment and Parks of Québec, 2006–2012 Action Plan, Québec and climate 
change, a challenge for the future, 2008.
227. Source: Government of Québec, Regulation respecting a cap-and-trade system for greenhouse gas emission allowances, 
Environment Quality Act, 2012.
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From 2013, the cap-and-trade program will 
cover about 75 industrial and power facilities 
emitting more than 25,000 tCO2e per year. 
Distributors of fuels for the transportation and 
building sectors will enter the scheme from 
2015. Although it will cover roughly seven times 
less emissions than California’s plan,228 Québec’s 
regulation features very similar design and pro-
visions (see Annex 5: Québec’s Cap-and Trade 
Design Features). However, it includes some no-
table differences: although industrials will also be 
allocated free allowances based on a performance 
benchmark, only 75% of these will be allocated 
every year; the remaining 25% will be set aside 
until the following year, and will eventually be at-
tributed based on verified emissions. In addition, 
the regulator may also claim back any allowance 
proved to have been over-allocated. Compliance 
obligations are not due annually, but only the 
year following the end of the compliance period 
(i.e., 2015, 2018, and 2021). Offset provisions 
are similar to those of California, with a limit set 
at 8% of compliance obligations for each compli-
ance period. Further detail on the use of offsets 
is not yet known as Québec’s offset regulation 
is still under development and will not be pre-
sented before the summer of 2012. In addition, 
emitters will be issued Early Reduction Credits 
(ERCs) for permanent, additional, and irrevers-
ible emissions reductions achieved ahead of the 
program start, up to January 1, 2008.

Québec’s budget for 2012-2013 provides for 
green investments in an amount of CN$2.7 
billion, 70% higher than the previous year.229 

Almost 90% is expected to come from auctions 
revenues under the cap-and-trade program. Two-
thirds of the funds will be allocated to the trans-
port sector for the development of an efficient 
network and fleet for Québec’s mass transport 
system. The other third will contribute to the de-
velopment of energy efficiency in building and 

industry, renewable energy for households’ heat-
ing systems, and other GHG reduction-related 
measures.  

6.3.2.3 Linking California’s and Québec’s 
emission trading schemes
California and Québec are taking the necessary 
step to establish a single regional carbon market 
with full fungibility of each other’s compliance 
instruments from January 1, 2013. Although 
both regulations were developed in accordance 
with WCI guidelines, further rulemaking and 
technical revisions are necessary to accommo-
date such linkage. On March 30, 2012, CARB 
staff published a discussion draft with proposed 
amendments to its cap-and-trade regulation. 
Those mainly relate to market infrastructures 
(e.g., account structure) and administration 

(e.g., exchange rate management) to ensure con-
sistent operation of a single market across juris-
dictions. The proposed linkage regulation is ex-
pected to be submitted for Board consideration 
on June 28, 2012. It is expected that Québec will 
undergo the same process over 2012 and enforce 
necessary amendments ahead of the first auction. 
The first joint auction previously planned for 
August 2012 was postponed to November 14, 
2012, with no expected impact on the start of 
the program or on the volume of allowances of-
fered in 2012.230 

228. Source: Government of Québec, Annual caps on greenhouse gas emission units relating to the cap-and-trade system for 
greenhouse gas emission allowances for the 2013-2020 period, Draft Regulation, Environment Quality Act, 2012.
229. Source: Ministry of Finance of Québec, Budget 2012-2013, Québec and Climate Change a Greener Environment, 2012.
230. Source: California Air Resources Board, 2012, Testimony of Chairman Mary D. Nichols at Senate Select Committee on 
Environment, Economy & Climate Change.

“California and québec are taking 
the necessary step to establish a 
single regional carbon market with full 
fungibility of each other’s compliance 
instruments from january 1, 2013.”
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It is estimated that California’s and Québec’s 
combined GHG emissions under a business-as-
usual scenario would decline from current lev-
els through 2020, largely driven by California’s 
complementary measures, such as the 33% 
Renewable Portfolio Standard (see Figure 26).231 
However, both jurisdictions feature high mar-
ginal abatement costs for power generators and 
limited opportunities for reductions in transport 
fuel consumption. It is therefore expected that 
offset supply availability will be the main allow-
ance price driver in the WCI regional market.
This would stand at US$12-27/tCO2e in 2013 
and US$60-131/tCO2e in 2020, with the high 
end of the range in a scenario where respective 
offset programs would not expand beyond the 
four protocols approved by California.

6.3.3 Alberta

Alberta is Canada’s largest greenhouse gas 
(GHG) emitting province, accounting for 34% 
of the country’s total GHG emissions in 2010. 
This represents 235 MtCO2e, a 41% increase 
from 1990 levels, driven primarily by increased 
production activity in its oil and gas sector.232 

On July 1, 2007, Alberta launched a manda-
tory GHG emission intensity-based mechanism, 
enacting the first GHG emissions legislation in 
Canada. Approximately 100 entities with annual 
emissions exceeding 100,000 tCO2e (ktCO2e), 
are required by the legislation to reduce their 
emission intensity by 12% from average 2003-
2005 levels.233 Entities that do not meet reduc-
tion requirements on a given year may choose to 
meet these obligations by:
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231. Source: Thomson Reuters Point Carbon, WCI price forecast – the offset gap, March 29, 2012.
232. Source: Government of Canada, Canada’s Greenhouse Gas Inventory Submission to the UN Framework Convention on Climate 
Change, April 2012.
233. Source: Government of Alberta, Climate Change Emissions Management Act, 2007.
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•	 Trading “Emissions Performance Credits” 
(EPC) that are awarded to covered entities 
that reduce emissions below their set target;

•	 Paying CN$15 (US$15.2) into a technology 
fund; and/or

•	 Purchasing Alberta-based offsets issued by the 
Alberta Offsets Registry under an approved 
protocol. Offset credits are only available on 
a “go-forward crediting” basis in accordance 
with changes to the regulations that took ef-
fect on January 1, 2012. Previously, produc-
ers were eligible for retroactive crediting. As 
per the new regulations, retroactive credits 
from 2002 to 2011 must be registered with 
the government by March 31, 2012.234 

Although the volume of Alberta offsets retired in 
2011 was not yet made public at the time of writ-
ing, it is estimated be similar to that of 2010 (see 
Figure 27). Thus, we estimate that the 2011 mar-
ket value was roughly US$51.5 million (US$202 
million since the start of the market in 2007).

6.3.4 British Columbia

The 2007 Greenhouse Gas Reduction Targets 
Act235 commits the Government of British 
Columbia to reduce its GHG emissions by 33% 
from 2007 levels by 2020 and at least 80% by 2050. 
The regulation also directs public sector organiza-
tions – including schools, hospitals, post-second-
ary institutions, and core government ministries 
– to reach carbon neutrality from 2010 onward, 
using offsets for unavoidable GHG emissions. The 
2008 Emission Offsets Regulation236 gives exclu-
sive mandate to the Pacific Carbon Trust (PCT), a 
Crown corporation of the Government of British 
Columbia,237 to source British Columbia-based 
(BC) offsets, with a broader directive to stimulate 
the growth of the green economy in BC.

In 2011, the Government of British Columbia 
bought 729,782 tCO2e of BC offsets from PCT 
(US$18 million). In 2010, the British Columbia 
government became carbon neutral in accor-
dance with the first year of the full carbon neu-
trality program. Purchases of offsets prior to this 
(i.e., 2009 and 2010) were used to offset govern-
ment travel (see Figure 28).
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234. Source: Government of Alberta, Alberta Environment and Water, Notice of Final Deadlines for Claiming Historic Offset Credits, 
December 2011.
235. Source: Government of British Columbia, Bill 44 – 2007: Greenhouse Gas Reduction Targets Act, 2007.
236. Source: Government of British Columbia, Emission Offsets Regulation, 2008.
237. Crown corporations are business enterprises established by the Government of Canada to implement public policy.
238. Source: Government of Alberta, Alberta Environment and Water, Specified Gas Emitters Regulation Results for the 2010 
Compliance Year, May 2011.
239. Average price series also integrates sales of EPCs, which trade at similar price level to offsets. Source: Karbone Research and 
Advisory Group. Alberta Specified Gas Emitters Regulation: Carbon Offset Market Overview, April 2012. 
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6.3.5 Chicago Climate Exchange

From 2003 through 2010, the Chicago Climate 
Exchange (CCX) operated as a voluntary cap-
and-trade scheme. Its “full members” were mostly 
U.S-based entities that had made a commitment 
with the exchange to reduce GHG emissions. Each 
year, covered entities needed to surrender enough 
CCX compliance instruments – so-called Carbon 
Financial Instruments (CFIs) – to comply with their 
reductions commitments.240 The total program 
baseline covered approximately 700 MtCO2e.241 
Offset project developers could also participate in 
the scheme as “participant members” and provide 
the trading platform with CCX verified offsets. 
Once on the platform, these offsets would be recog-
nized as CFIs, as would CCX emissions allowances 
that could be purchased by members or liquidity 
providers for compliance or other purposes.242 

Following buyout of CCX’s owner, Climate 
Exchange Group, the CCX program and platform 
was discontinued in January 2011.243 The Chicago 
Climate Future Exchange (CCFE), which was 
the U.S. Derivatives branch of Climate Exchange 
Group, also delisted all contracts in February 
2012;244 it migrated some of them to ICE Futures 
Europe.245 From 2003 to 2011, 745 MtCO2e of 
CCX compliance instruments were traded on the 
CCX, the CCFE, or the CCX offset registry, rep-
resenting a cumulative value of US$290 million.246 
In 2011, 203,000 tCO2e of CCX offsets were ex-
changed on the CCX Offset registry, representing a 
total value of US$64,715 (see Figure 29).247

6.4 repuBliC oF korea

In early 2010, the Republic of Korea enacted 
the Framework Act on Low Carbon and Green 
Growth.248 The act establishes the legal frame-
work to implement policies and measures set 
out in the country’s Green Growth Strategy and 
its pledge to reduce GHG emissions by 30% 
below business-as-usual levels by 2020. It is in-
tended that the main instrument of the national 
climate change policy will be the implementa-
tion of a nationwide emissions trading scheme 
(ETS). On May 2, 2012, after almost a year of 
review, the ETS Act249 passed the Legislation 
and Judiciary Committee, and the National 
Assembly as a whole, lifting the last hurdles to 
ETS implementation. 
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240. 1 CFI=100tCO2e
241. Source: IntercontinentalExchange, Chicago Climate Exchange Fact Sheet, December 2011.
242. Source: Guigon, P., Bellassen, V., Ambrosi, P, Voluntary Carbon Markets: What the Standards Say, CDC Climat Research, 2009.
243. Source: Chicago Climate Exchange, CCX Advisory 2010-16, December 2010.
244. Source: Chicago Climate Future Exchange, CCFE Advisory 2012-04, February 2012.
245. In its place, ICE launched a new CCX registry program in February 2011 that allowed for the issuance and OTC trading of CCX 
offsets to continue. The new “CCX Offset Registry Program” also allowed for OTC transactions of CCX allowances for entities formerly 
covered by the CCX program to close off their 2010 compliance obligations throughout 2011.
246. CCX compliance instruments refer to CFI contracts, CCX allowances, and CCX offsets. CCX offered spot trading for CFI 
contracts, and CCFE for Futures and Options CFI contracts. The CCX Offset Registry now allows for spot transaction of CCX 
allowances and offsets.
247. CCX offsets exchanged were 79.3% landfill, 11% renewable energy, 7.2% forestry, and 1.1% fuel switch, with the remaining from 
agricultural methane, agricultural soil, energy efficiency, and organic waste methane.
248. Source: Ministry of Government Legislation, Republic of Korea, Framework Act and its Presidential Decree on Low Carbon and 
Green Growth in Korea, 2010.
249. Republic of Korea, Act on Allocation and Trading of GHG Emissions Allowances, May 2, 2012.

Source: World Bank, CCX, CCFE, ICE.
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In 2011 the Republic of Korea also implemented a 
GHG/Energy Target Management System (TMS) 
to support the development of the infrastructure 
and measuring, reporting, and verification (MRV) 
frameworks necessary to implement the ETS. By 
2014, the TMS will mandate all entities that emit 
over 50,000 tCO2e per year to meet sectoral GHG 
reduction targets based on the last three years of 
GHG emissions records.250 The TMS will also 
cover other entities that do not reach the threshold 
but own individual facilities (e.g., industrial plants) 

that emit over 15,000 tCO2e per year.251 A total of 
468 entities that collectively account for 60% of 
national GHG emissions are to be covered.252 

The economy-wide ETS is set to start in 2015, 
including the entities and facilities covered by 
the TMS. The ETS will cover entities that emit 
above 125,000 tCO2e per year and facilities that 
emit above 25,000 tCO2e per year (see Table 9). 
Facilities emitting between 15,000-25,000 tCO2e 
per year will remain covered by the TMS, al-
though they will have the option to join the ETS 
on a voluntary basis. In response to strong opposi-
tion from industry, the ETS legislation has been 
softened since it was first introduced. The original 
proposal to start the scheme in 2013 has been de-
ferred to 2015,253 and most allowances are now 
to be allocated for free over the first (2015-2017) 
and second (2018-2020) phases of the scheme. 

“after almost a year of 
review, the eTs act passed 
the National assembly, lifting 
the last hurdles to eTs 
implementation.” 

250. A total of 372 entities in the industry and energy sectors, 46 in the building and transportation sectors, 23 in the waste sector, 
and 27 in the agriculture sector. Source: Taehee, K., Korea’s Policy to Reduce GHGs, Target Management System & Emission Trading 
Scheme, Presidential Committee on green Growth, Republic of Korea, March 2012. 
251. The inclusion threshold under the TMS progressively decreases from 125,000 tCO2e per year for entities and 25,000 tCO2e per 
year for individual facilities in 2011,  to 50,000 tCO2e per year for entities and 15,000 tCO2e per year for individual facilities in 2014. 
252. Total GHG emissions in the Republic of Korea stood at 607.6 MtCO2e in 2009 (excluding LULUCF), representing a 105% 
increase from 1990 levels. Source: Greenhouse Gas Inventory & Research Center of Korea, Korea’s Third National Communication 
Under the UNFCCC, October 2011.
253. Source: Park, Hyoung Kun (Leo), Development of Korean Emissions Trading Scheme, Presidential Committee on Green Growth of 
the Republic of South Korea, Greenhouse Gas Market 2011, IETA, October 2011.

ghg Co2, Ch4, N2o, hFCs, pFCs, sF6.

sectoral scope -60% of the national total ghg emissions.
-inclusion threshold: 
entities emitting more than 125,000 tCo2e;
individual facilities emitting over 25,000 tCo2e.

compliance periods -Compliance periods (Cp): Cp1 2015-2017, Cp2 2018-2020.
-Cps to last 5 years from Cp3.

allocation -over 95% free allowances in Cp1 and Cp2.
-100% free for energy-intensive trade-exposed sectors. 
-Future allocation by presidential decree.

auctions early auctioning allowed.

banking & borrowing -Banking allowed over a Cp and first year of the following Cp.
-Borrowing allowed over a Cp only.

other cost containment  a maximum of 25 % allowances will be reserved for the new entrant.

offsets applicable standards (e.g. CdM and/or own standard) and utilization limit  for 
international offsets  to be specified by presidential decree (expected in 2012)

penalty for 
non-compliance

 up to 3 allowances for each allowance not surrendered (at most) with the 
maximum cap of 10 million korean won (krw) per allowance (8,800 us$).

linking Considered in the future.

Source: World Bank, Presidential Committee on Green Growth.

table 9: 

republic of korea 

– emissions trading 

scheme
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6.5 MexiCo

In April 2012, Mexico’s Congress passed a 
General Law on Climate Change to support its 
target of reducing greenhouse gas (GHG) emis-
sions by 30% below business-as-usual levels by 
2020. The law also establishes a framework for 
the development of mitigation and adaptation 
actions. In doing so, it provides the government 
with a clearer mandate to act. The law comple-
ments existing initiatives, including the Public 
Service Electricity law that requires the consider-
ation of externalities when evaluating the cost of 
electricity generation technologies and sets limits 
on electricity generation from fossil fuels (65% 
by 2024, 60% by 2035, and 50% by 2050).

The general law on climate change provides the 
federal government with the authority to create 
programs, policies, and actions to mitigate emis-
sions, including an emissions trading scheme 
(ETS). It is envisioned that these will likely be 
implemented in two phases: (i) a voluntary capac-
ity-building phase, followed by (ii) the establish-
ment of specific mitigation goals. To support its 
implementation, a National Emissions Registry 
is to be created by the Ministry of Environment. 
The law also prioritizes sectors that could be 
covered under these programs, including energy 
generation and use, transport, agriculture, forests 
and land use, waste, and industrial processes. 

The new framework also defines the responsibili-
ties of existing ministries and the three levels of 
government, and it allows them to explicitly al-
locate financial resources to climate change miti-
gation and adaptation. As such, it mandates the 
Ministry of Energy to create policies and incen-
tives for the deployment of low-carbon technolo-
gies and the Environment, Finance, and Energy 
Ministries to define and create programs to in-
centivize emission reductions. In addition, it pro-
vides authority to the Ministry of Environment 
to create a voluntary emissions trading system, 
in which participants could perform transactions 
and operations linked to other international sys-
tems (e.g., through bilateral mechanisms).

Finally, the law also transforms or creates new 
institutions to carry out policies, strategies, and 
actions, including (but not limited to):

•	 A National Ecology and Climate Change 
Institute (previously the National Ecology 
Institute). The Institute will perform research 
and development activities and will advise the 
Ministry of Environment on technical issues. 
It will have greater independence and a bud-
get of its own.

•	 Inter-Ministerial Commission on Climate 
Change. The Commission will supplant the 
previous Commission (created by presiden-
tial decree), and will be the main body in 
charge of developing climate change policy.

•	 Climate Change Council. The Council was 
established as a permanent consultation body 
of the Commission; it will be composed of 
members of civil society.

While much progress is still required to imple-
ment the activities that the law provides for, its 
passage is a significant step forward and signals 
Mexico’s strong commitment to the climate 
change agenda.

“in april 2012, Mexico’s Congress 
passed a general law on Climate 
Change to support its target of reducing 
greenhouse gas (ghg) emissions by 30% 
below business-as-usual levels by 2020.”
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6.6 BraZil254

In recent years, climate change policies and sub-
sequent capital mobilization have created an en-
abling environment for low-carbon investment 
and market initiatives in Brazil. Further invest-
ment is envisioned ahead of Brazil’s hosting of 
the Soccer World Cup in 2014 and the Olympic 
Games in 2016. In this context, the federal gov-
ernment, sub-national governments, and the pri-
vate sector have pursued green infrastructure op-
portunities. This is likely to be showcased when 
Brazil hosts the Rio+20 Conference (June 20-22, 
2012), which is to focus on how to build a green 
economy and develop an institutional frame-
work for sustainable development.  

A federal law laid out the conditions for a nation-
al carbon market. Passed in December 2009, the 
National Policy on Climate Change mandated a 
voluntary national target to reduce emissions by 
36.1% to 38.9% by 2020. The provision does 
not specify the principles for a national carbon 
market, but does allow for the national stock ex-
changes to be integrated into the scheme.255 An 
approved regulation included sectoral goals.256 A 
technical working group led by the Ministry of 
Finance was established to make proposals for a 
national carbon market. In addition, sub-nation-
al jurisdictions are also moving ahead with low-
carbon initiatives.257

Acre has been a pioneer in the development of 
public policies aiming at the sustainable use of 
natural resources. In 2010, Acre passed a law258 
establishing the State’s System of Incentives for 
Environmental Services (SISA) to preserve and 
foster a forest-based, low-carbon economy. The 

law also establishes a comprehensive REDD+ 
policy. Other initiatives include: (i) the creation 
of the Promotion and Environmental Services 
Enterprise259, a public-private partnership aim-
ing to develop local capacity through the estab-
lishment of domestic and international network-
ing; and (ii) the participation in the Governors’ 
Climate and Forest Task Force.260 Finally, in 
November of 2010, Acre signed a Memorandum 
of Understanding for environmental cooperation 
with the states of California (United States) and 
Chiapas (Mexico), which includes the possibility 
to provide REDD+ credits to the California cap-
and-trade scheme (AB32).261

Two forward-looking initiatives already under-
way may place the state and the city of Rio de 
Janeiro among the front-runners of the carbon 
market in Brazil. An emissions trading scheme 
(ETS) for the State of Rio de Janeiro will have its 
first legally binding period for private companies 
starting in 2013.262 The program will be present-
ed during the Rio+20 Conference, with the first 
pilot stage ending in 2015; subsequent stages will 
run in three 5-year phases. The initial targets will 
primarily cover the oil and gas, steel, chemical, 
petrochemical, and cement sectors. The second 
activity is a partnership between the state and the 
city of Rio de Janeiro to create the BVRio, the 
Rio de Janeiro Environmental Asset Exchange. 
BVRio will provide a carbon market platform for 
companies to negotiate and trade environmen-
tal assets in the form of allowances, offsets, and 
other carbon-linked financial products.

In 2009, the State of Sao Paulo passed a law de-
fining a mandatory target to reduce its economy-
wide emissions by 20% by 2020 to 112 MtCO2e, 

254. The text benefited from the generous and thoughtful insight provided by Ludovino Lopes, Eufran Amaral, Fabio Vaz, Monica Julissa, 
Walter Figueiredo de Simoni, and Fabiana Ferreira Candiano.
255. Source: Law nº 12.187, December 29, 2009.
256. Source: Regulation of the National Policy by Decree Number 7.390, December 9, 2010.
257. States are intentionally listed in alphabetical order.
258. Law nº. 2.308/2010.
259. Companhia de Fomento a Serviços Ambientais, in Portuguese.
260. The Governors’ Climate and Forest Task Force is a multi-jurisdictional collaborative effort between 16 States and provinces from 
Brazil, Indonesia, Mexico, Nigeria, Peru, and the U.S. focused on the development of rules and capabilities necessary to generate 
compliance-grade assets from REDD.
261. To implement this memorandum, the Sub-national REDD Task Force (ROW) was created.
262. Source: Thomson Reuters Point Carbon. Rio releases ETS details, sets periods for 3 phases, March 29, 2012.
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down from 140 MtCO2e in 2005.263 Sectoral 
targets are yet to be defined. Although the law 
anticipates the creation of economic, financial 
and fiscal incentives to foster the development of 
low carbon projects, it does not include a provi-
sion for a domestic carbon market. In addition, 
the State’s Green Economy Promotion program 
was created to offer credit lines for actions aim-
ing at curbing GHG emissions.265,265 Among the 
existing private-sector initiatives, the Brazilian 
Securities, Commodities, and Futures Exchange 
(BM&FBOVESPA) has played an active role in 
auctioning carbon credits.266 Ahead of the game, 
57 of the largest companies in the country, most 
of them based in Sao Paulo, have already estab-
lished voluntary emission reduction plans.267

Despite a slow start, voluntary carbon markets are 
also gaining momentum. Although voluntary car-
bon markets in Brazil are in the early stages, they 
already represent 60% of the voluntary credits 
originated in Latin America. Two private standards 
have been developed: Brasil Mata Viva (BMV), 
a certification program for forestry projects, and 
the Social Carbon Standard. The Association for 
Standardization (ABNT) recently developed guide-
lines for voluntary transactions of Verified Emission 
Reductions (VERs) in Brazil269 and started a capac-
ity-building program to assist small and medium 
enterprises (SME) in building GHG inventories 
and exploring carbon opportunities.270,271

6.7 ChiNa272 

China has witnessed phenomenal economic 
growth over the last decade,273 lifting it to become 
the world’s second largest economy in 2010.274 It 
has been accompanied by rising primary energy 
consumption and increasing pressure on its do-
mestic energy supply, giving rise to a number of 
environmental and social challenges. China’s 11th 
Five-Year-Plan (FYP), covering the period 2006-
2010, addressed energy savings and environmental 
protection by establishing a series of quantitative 
goals and policy initiatives. Notwithstanding these 
efforts, China emerged as the world’s largest green-
house gas (GHG) emitter in 2008 (see Figure 30), 
fueling international pressure for it to further inten-
sify domestic environmental policies and initiatives. 

263. Source: Inventario de emissoes antropicas de gases de efeito estufa diretos e indiretos do Estado de Sao Paulo, comunicacao 
estadual / CETESB, 2011. 
264. Source:  Law 13.798, November 9, 2009, regulated by decree n. 55.947, June 24, 2010.
265. Source: 1° Relatório de Referência do Estado de São Paulo de Emissões e Remoções Antrópicas de Gases de  Efeito Estufa, 
período de 1990-2008.
266. Both initiatives are supported by the Inter-American Development Bank (IADB).
267. Preview of Climatescope 2012.
268. Source: International Energy Agency, CO2 emissions from fuel combustion, 2011.
269. Source: ABNT NBR 15498:2011. Voluntary carbon market – Principles, requirements, and guidelines to commercialize verified 
emission reductions,  April 25, 2012.
270. Both standards counted on 36 projects as of late 2011 (Presentation of PMR Expression of Interest – Brazil, http://
wbcarbonfinance.org/docs/3_PA2_EoI_Presentation_Brazil.pdf accessed on 4/16/2012). 
271. FUMIN apoia oportunidades de negócios na gestão de gases de efeito estufa para PME brasileiras. 
http://www.iadb.org/pt/noticias/comunicados-de-imprensa/2012-01-05/brasil-gestao-de-gases-do-efeito-estufa-apra-as-pme,9802.html
272. This section benefited from the generous and thoughtful insight provided by Mr. Jiang Kejun, researcher at the Energy Research 
Institute (ERI) of the National Development and Reform Commission (NDRC), and Ms. Wen Wang, researcher at the Climate Economics 
Chair (CEC) of Paris-Dauphine University and Climate Change Research Centre of the Chinese Academy of Agricultural Sciences 
(CAAS).
273. The Gross Domestic Product (GDP) increased 10.5% year on year according to China’s National Bureau of Statistics. 
274. Source: World Bank. An Eye on East Asia and Pacific, The Role of China for Regional Prosperity, April 2011.
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The 12th FYP, which entered into force in March 
2011, further strengthens these policies in response 
to the international climate community. As such, it 
calls for the deployment of innovative domestic ini-
tiatives and emissions trading designed to address 
the carbon intensity of its economy. 

6.7.1 A look back at the 11th Five-Year Plan 
(2006-2010): what’s in China’s tool box?

Throughout the 11th FYP, China’s primary energy 
consumption per unit of GDP dropped 19.1%, 
within close reach of the 20% energy intensity 
target for the period set by the central govern-
ment, thereby reducing GHG emissions by 1.46 
billion tCO2e in absolute terms.275 

These achievements can be attributed to strength-
ened regulatory framework276 that was enforced 
locally (i.e., through provinces and municipali-
ties) as well as new initiatives such as:

•	 The “Ten Key Energy Conservation Projects.” 
This initiative called on the government to 
provide financial incentives to support the 
deployment of new equipment and processes 
in the industrial (e.g., coal-fired boilers) and 
building (e.g., energy-saving bulbs) sectors.

•	 The “Top-1000 Enterprises Energy Conservation 
Program.” This initiative set energy-saving tar-
gets to the largest energy-consuming indus-
tries, accounting for one third of national en-
ergy consumption.277 Covered enterprises were 
required to develop an energy conservation 
plan and perform audits to allow local authori-
ties to monitor progress. 

•	 The “Phasing-out of Outdated Production 
Capacity Program.” This initiative required 
local authorities to assign phase-out targets 
to industrial companies, which were required 
to shut down their least efficient small plants. 
For example, in the cement sector, 330 million 
tons of cement production capacity was re-
moved, which led to a 28.6% decline in energy 
consumption per ton of cement produced.

Reductions in primary energy consumption 
were complemented by efforts to expand clean 
energy through feed-in tariff and subsidy poli-
cies. From 2006-2010, renewable generation 
capacity more than doubled, with an additional 
133 GW installed.278 
 
6.7.2 12th Five-Year Plan (2011-2015):  
“piloting” market mechanisms

The 12th FYP targets annual GDP growth of 7% 
and defines 24 key indicators of economic and so-
cial development with 2015 targets. As shown in 
Annex 6: China: Targets and Supporting Measures 
under the Five-Year-Plans, energy intensity is set 
to decrease 16% below 2010 levels. In addition, 
the forest cover is aimed to increase a further 
12.5 million hectares. In addition, two new in-
dicators were specifically introduced to respond 
to climate change and reflect China’s mitigation 
action pledge under the UNFCCC for the years 
2013-2020.279 First, the quantity of CO2 emitted 
per unit of GDP (or the “carbon intensity” of the 
economy) was assigned a reduction target of 17% 
below 2010 levels by 2015. Second, nationwide 
forest stock is to increase by an additional 14.3 

275. Source: National Development and Reform Commission (NDRC), Remarkable energy saving results achieved - 11th Five-Year 
review of energy saving, March 10, 2011, National Development and Reform Commission (NDRC).
276. The main pieces of legislation were the revised “Renewable Energy Promotion Law” and the “Energy Conservation Law,” 
respectively enforced in 2006 and 2007.
277. Source: Price, L., Wang, X., Yun, J. China’s Top-1000 Energy- Consuming Enterprises Program: Reducing Energy Consumption 
of the 1000 Largest Industrial Enterprises in China, 2008.
278. This is an additional 133 gigawatt (GW) of non-fossil-fuel installed capacity, which consists of +92.00GW hydro power, +32.33 
GW wind, +1.30 GW solar, 2.50 GW biomass, +0.80 GW bio-ethanol, and +4.01 GW nuclear. In addition, at the end of 2010, 31.00 
gigawatts of extra nuclear installed capacity was under construction.
279. On January 28th 2010, Director General of Climate Division of the National Development and Reform Commission Su Wei 
submitted China’s climate mitigation actions under the Copenhagen Accord. China’s pledges had been previously announced by 
President Hu Jintao at the United Nations General Assembly in September 2009, and consist of reducing China’s carbon dioxide 
emissions by 40-45% per unit of GDP by 2020 compared to 2005 levels; increasing the share of non-fossil fuels in primary energy 
consumption to around 15% by 2020; and increasing forest coverage by 40 million hectares and forest stock volume by 1.3 billion 
cubic meters by 2020 from 2005 levels.
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billion cubic meters over the 2011-2015 period. 
An “Energy Conservation Plan”280 and a “GHG 
Control Plan”281 were subsequently released to 
support the enforcement of the nationwide en-
ergy- and carbon-intensity reduction targets at the 
provincial and municipal levels.  

The 12th FYP sustains and scales up some of the ini-
tiatives that proved to be effective under the previ-
ous FYP. For example, the “Top-1000 Enterprises 
Energy Conservation Program” has been expand-
ed to become a “Top-10,000 Enterprises Energy 
Conservation Program”; it actually covers more 
than 16,000 enterprises. Various efficiency stan-
dards have also been raised. Efforts to improve en-
forcement and monitoring of central government 
policies at the local level have also been extended. 
In addition, the plan calls for the establishment of 
innovative tools, with explicit reference to carbon-
trading mechanisms.

The central government’s interest in market 
mechanisms was first evident in July 2010, 
when the National Development and Reform 
Commission (NDRC) launched “Low-carbon 
Pilot Development Zones” in five provinces 
and eight cities.282 This program called on lo-
cal authorities to implement measurement and 
reporting of GHG emissions data and to estab-
lish low-carbon development plans. In addition, 
authorities were encouraged to explore comple-
mentary policies, including market mechanisms. 
Explicit notice for implementation only came 
in October 2011, with the NDRC proposing 

that five cities (Beijing, Tianjin, Shanghai, 
Chongqing, and Shenzhen) and two provinces 
(namely Guangdong and Hubei) establish Pilot 
Emissions Trading Schemes (ETS) on a vol-
untary basis.283 Local authorities were asked to 
determine overall targets, allocation rules, and 
governance systems, and to work on the devel-
opment of market infrastructures. Although the 
notice gave no implementation timeline, some 
officials from the NDRC said on several occa-
sions that the plan is to have them up and run-
ning in 2013 to inform the development of a 
nationwide mechanism by 2015.284 This is, how-
ever, by no means a formal commitment or firm 
timetable.

6.7.3 Building emissions trading in China: 
who is involved?

In 2009, domestic carbon market mechanisms be-
gan to emerge through voluntary initiatives. The 
Panda Standard and the China Green Carbon 
Foundation (CGCF) were established in 2009 
and 2010 respectively, to address emissions in the 
agriculture and forestry sectors.285 A voluntary 
emission intensity-based market on heat suppliers 
for residential buildings was also launched in the 
municipality of Tianjin in 2010. Despite the regu-
latory uncertainties and the lack of voluntary de-
mand that have limited their size, these initiatives 
have provided valuable lessons learned. Indeed, the 
involvement of local experts, the collection of data, 
and the development of the market infrastructure 
necessary to support early demonstration activities 

280. Source: State Council of PRC, Comprehensive Working Plan for Energy Conservation and Emission Reduction under the 12th 
Five-Year-Plan, September 2011.
281. Source: State Council of PRC, Working Plan for GHG Control under the 12th Five-Year-Plan, January 2012.
282. Provinces of Guangdong, Hubei, Liaoning, Shaanxi and Yunnan, and cities of Baoding, Chongqing, Guiyang, Hangzhou, Nanchang, 
Shenzhen, Tianjin, and Xiamen. Source: National Development and Reform Commission, Notice on low-carbon pilot development zones 
at the province and city levels, 2010.
283. Source: National Development and Reform Commission notice on market mechanisms experimental work, 2011. It is important 
to note that this program does not prevent other local jurisdictions from establishing pilot market mechanisms. As a matter of fact, the 
province of Jiangsu and city of Qingdao (Shandong province) were reported to the authors as actively preparing their own pilot ETS 
plans, and the NDRC may call for a second batch of participants. In addition, the city of Yantai initiated an energy consumption cap-and-
trade system involving the 14 counties within its administrative borders as participants. The first trade was announced between two of 
them in July 2011 for 50,000tce for a value of roughly US$1.5 million. Source: China Economic Net, Inter-regional energy consumption 
trading, November 2011.
284. Source: Sun Cuihua and Wang Shu, China Organizing Framework under the World Bank’s Partnership for Market Readiness, 2011.
285. The Panda Standard is a certification scheme for domestic and forestry offset projects initiated by the China Beijing Environment 
Exchange, BlueNext, Winrock International, and the Asian Development Bank. The China Green Carbon Foundation was launched in 
2010 by China’s State Forestry Administration. Source: Wang Wen, Linking climate finance to the agriculture and forestry sectors in 
China, 2011, Climate Economics in Progress. Economica.
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has laid a foundation to support the development 
of domestic emissions trading. To illustrate, in 
2011 a methodology to quantify carbon sequestra-
tion in bamboo sinks in China - currently not eli-
gible under the CDM – was approved by the Panda 
Standard.286 A few transactions engaging Chinese 
companies were also reported, with the state-
owned Sinochem Group acquiring 16,800 Panda 
Standard credits at US$9.14/tCO2e in March 
2011, and some 148,000 credits from the CGCF 
sold to a consortium of 10 companies in November 
2011 at an undisclosed price.

While encouraged by Chinese authorities, these 
voluntary market initiatives have seen very little 
involvement from these authorities. In contrast, 
the preparation of the pilot emissions trading 

schemes has begun to mobilize a range of central 
and local authorities (see Figure 31). The NDRC’s 
Department of Climate Change, which directed 
their establishment, stands at the center of these 
efforts and will oversee their development. Despite 
the flexibility given to local authorities in the de-
sign of the emissions trading schemes, they will 
nonetheless have to accommodate the NDRC 
Department of Climate Change’s requirements 
and guidance on measuring, reporting, and veri-
fication (MRV) issues. In addition, other depart-
ments within the NDRC will be key to the scope 
and success of the pilot emission trading schemes 
and their possible scale-up at a national level. 
The Department of Social Development and the 
Department of Industry will be in charge of im-
pact assessments on the economy and industry 
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figure 31: 

Building pilot 

emissions trading 

schemes in China

Source: World Bank.



98 State and Trends of the Carbon Market 2012

respectively. If power generation falls under the 
cap, the Department of Price will play a central 
role in deciding how to manage the cost of carbon 
and its fluctuations in the context of a regulated 
power market. Beyond the NDRC, the Ministry 
of Industry and Information Technology will also 
come into play as it centralizes economic activity 
and energy consumption data received from its lo-
cal counterpart, the Economic and Information 
Technology Commission. Approval of the pilot 
ETS plans and operational implementation will 
fall under provincial or municipal governments, 
whose several bureaus will ultimately ensure effec-
tive operations and regulation of the pilot schemes.

Several technical assistance programs have been 
launched to support Chinese authorities in mov-
ing forward with the study and in the formula-
tion and implementation of market mechanisms 
at both national and local levels.287,288,289,290

6.7.4 Current status: is it the journey or the 
destination?

In March 2012, the Beijing Municipal 
Government became the first of China’s prov-
inces and municipalities to publish a discussion 
draft for a planned pilot ETS.291 The discussion 
draft confirms that Beijing intends to set a cap on 
its absolute emissions as required by the NDRC. 
It also sets out a draft timetable for implemen-
tation which comprises three key phases: (i) by 
end-2012, the Beijing Municipal Government 
aims to have the necessary market infrastruc-
ture and MRV regulations implemented; (ii) 
in January 2013, it aims to move to “initial 

implementation,” which will consist of devel-
oping market oversight supporting regulations; 
and (iii) in April 2014, the “operational phase” is 
scheduled to commence. The sectors to be cov-
ered once the ETS is in operation are not explic-
itly listed, but entities that emitted above 10,000 
tCO2e per year over the 2009-2011 period are 
to be covered under the cap. In addition, the in-
dustrial sector, power and heat generators, and 
public buildings are to provide historic emissions 
data to the municipal government. Allowances 
are to be mostly allocated for free. Allocation is 
scheduled to start in December 2012 for 2013 
allowances, and in May of each following year 
based on the previous year’s emissions. Banking 
is to be authorized, but not borrowing. In addi-
tion, the Beijing Municipal Government is per-
mitted to withdraw or auction additional allow-
ances for cost containment purposes. Similarly, it 
has authorized the surrender of Chinese Certified 
Emission Reductions (CCERs) that meet the re-
quirements of the “National VER Regulation” is 
currently being prepared by the NDRC.  

Although Beijing is the first to publicly release 
details on its pilot ETS design, this does not 
necessarily mean it is the most advanced or that 
it will be the first to implement an operational 
mechanism. It has been reported to the authors 
that progress has also been achieved in Shanghai, 
Guangdong province, Shenzhen, and Tianjin. 
Details regarding ongoing efforts in the remain-
ing provinces remain elusive at the time this re-
port was written (see Table 10). In this context, it 
is not clear whether all of the seven jurisdictions 
will have operating pilot markets.

287. The World Bank’s Partnership for Market Readiness (PMR) provided an initial US$350,000 grant for China’s central authorities to 
prepare a Market Readiness Proposal (MRP) with the purpose of helping the Country to identify suitable market instruments to scale 
up mitigation efforts in line with their climate change mitigation goals and development objectives. If deemed eligible, China may receive 
additional US$3-8 million in implementation funding.
288. Through the EU-China Low Carbon and Environmental Sustainability Programme, the European Union plans to allocate €5 million 
by June 2012 to the realization of ETS pilot models at a provincial level. Source: European Commission, Commission Implementing 
Decision of 6.12.2011 on the Annual Action Programme 2011 in favor of China to be financed under Article 19100101 of the general 
budget of the European Union December 2011 – Action Fiche II, December 2011.
289. The Asian Development Bank issued a US$750,000 tender in December 2011 to advise the Tianjin Municipal Government on its 
pilot ETS design and support the deployment of related registry and trading infrastructure. The study is expected to start in June 2012 
after the selection of international and domestic experts. Source: Asian Development Bank, Technical Assistance Report People’s 
Republic of China: Developing Tianjin Emission Trading System, December 2011.
290. The UK Strategic Partnership Program (SPF). The program provides technical assistance to local institutes on ETS design for some 
pilots, notably in Guangdong Province.
291. Source: Beijing Development Reform Commission, Discussion Draft on Beijing Emissions Trading, March 2012.
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Jurisdiction Population 
2010
(Mln)

GDP 
2010
(Bln 

US$)292 

YOY 
Change 

(%)

GDP 
per 

capita 
2010 

(US$)

YOY 
Change 

(%)

GDP by 
sector I/

II/III 2010 
(%)

2015 
energy 

int. 
target 

(% 2010)

2015 
carbon 

int. 
target (% 

2010)

ETS status  
(as of April 2012)

Beijing 
Municipality

20 208 +10.3 11.2 +7.8 0.9 / 24.0 
/ 75.1

17 18 -Pilot ETS Plan 
approved.
-Release of the 
design discussion 
draft in March 
2012.

Tianjin  
Municipality

13 136 +17.4 10.8 +16.7 1.6 / 52.4 
/ 46.0

18 19 -Pilot ETS Plan 
approved.
-Market design 
study to start in 
June 2012.

Shanghai  
Municipality

23 254 +10.3 11.2 +10.0 0.7 / 42.1 
/ 57.2

18 19 Pilot ETS Plan 
approved.

Hubei 
Province

57 236 +14.8 4.1 +23.1 13.4 / 
48.7 / 37.9

16 17 Pilot ETS Plan 
approved.

Chongqing  
Municipality

29 117 +17.1 4.1 +20.4 8.6 / 55.0 
/ 36.4

16 17 Pilot ETS Plan 
approved.

Guangdong 
Province

104 680 +12.4 6.6 +8.7 5.0 / 50.0 
/ 45.0

18 19.5 -Pilot ETS Plan 
approved
-Kick-off meeting 
on market design 
held in September 
2011.

Shenzhen  
Municipality293

9 141 +12.0 13.9 +7.60 0.1 / 47.5 
/ 52.4

19.5 21 Pilot ETS Plan 
approved.

PRC’s central 
government

1,341 5,926 +10.3 4.4 +9.90 10.1 / 
46.8 / 

43.1

-16 -17 Early stage.  NDRC 
requested the 
World Bank’s PMR 
to provide support 
to the design of the 
national ETS and 
carry out feasibility 
studies on some 
sectors.

Source: World Bank, China Statistical Yearbook 2011, Statistical Yearbook of Guangdong Province.

Table 10: 

China: pilot 

jurisdictions and 

current ETS status

The five cities and two provinces called on to es-
tablish voluntary pilot emissions trading schemes 
account for 18% of China’s population and 28% 
of its national GDP. It is commonly believed that 
the NDRC has called for the establishment of 
these pilot schemes to test the use of emissions 
trading as a tool that could be expanded to a 
national scale. The implementation process has 
already triggered much discussion and involved 

292 Average US$/RMB exchange rate in 2010. Source: U.S. Federal Reserve.
293. Shenzhen is a municipality within Guangdong Province.
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domestic and international expertise that may in-
form parallel work being led by the NDRC at the 
national level. In addition, several other initiatives 
could also facilitate and catalyze the implementa-
tion of a national carbon market. For example, the 
“Top 1000 Enterprises” program, and its extension 
to 10,000 entities over the 12th FYP, may provide 
solid MRV foundations for a national scheme. 
In addition, the drafting process for the “VER 
Regulation” that started in 2010 with the objec-
tive of encouraging corporate social responsibility 
policies in China-based enterprises,294 could sup-
port the establishment of common infrastructure 
and rules for a national domestic offset program. 
Moreover, as mentioned above, the Municipality of 
Beijing intends to use the offsets eligible under this 
regulation for its pilot ETS.

While primarily relying on command-and-con-
trol policies, the 12th Five-Year-Plan has opened 
large working fronts to build China’s readiness in 
carbon markets and addressed the several chal-
lenges to their implementation, such as the de-
regulation of the energy market, cross-provincial 
governance, and/or interactions with the CDM.

6.8 iNdia

In 2008, India announced a National Action Plan 
on Climate Change (NAPCC). The plan pri-
oritizes energy efficiency gains and an increased 

substitution of conventional fuels with renewable 
energy as key milestones to achieving sustainable 
economic growth and climate change co-bene-
fits.295 Two market-based mechanisms were intro-
duced to address these goals: Renewable Energy 
Certificate (REC) schemes and the Perform 
Achieve and Trade (PAT).  

Renewable Energy Certificate (REC) Schemes: 
In March 2011, India’s REC mechanism was 
introduced to support the country’s Renewable 
Purchase Obligations (RPOs) targets under the 
NAPCC.296 The RPOs require that 5% of the 
nationwide share of electricity be sourced from 
renewable energy in 2010, increasing at 1% per 
year for ten years. In addition to taking actions, 
to meet the targets eligible participants may buy 
or trade RECs, each equivalent to one megawatt 
hour (MWh) of electricity generated. RECs are 
issued to eligible renewable energy operators and 
purchased at monthly auctions by any obligated 
entity not reaching its RPO requirements. The 
India Energy Exchange (IEX) and Power Exchange 
India Ltd (PXIL) provide the auction platforms. 
The mechanism seeks to promote interstate REC 
transactions, thereby helping those regions with 
high renewable energy potential overcome gen-
eration capital barriers while allowing regions with 
less potential to nonetheless assign more ambitious 
RPO targets to local obligated entities.

As of December 31, 2011, 341 renewable energy 
generation projects had been accredited by State 
Nodal Agencies across India. This represents a 
combined 1,890 MW297 or 9.4% of the coun-
try’s total renewable energy generation installed 
capacity, according to data from the Central 
Electricity Regulatory Commission (CERC).298 

As shown in Figure 32, 546,808 RECs were is-
sued in India’s registry in 2011, and 438,249 were 

“the 12th Five-year-plan has opened 
large working fronts to build China’s 
readiness in carbon markets and 
addressed the several challenges to their 
implementation”

294. Source: China’s Expression of Interest and Questionnaire on Market Readiness Capacity, Partnership for Market Readiness, 
World Bank, January 2011. 
295. At an annual economic growth rate of 8-9%, India anticipates it will need to increase its primary energy supply and electricity 
generation installed capacity by four and six times, respectively, over the next 20 years. Source: Expert Group on Low Carbon Strategies 
for inclusive growth, Planning Commission, Government of India, Low Carbon Strategies for Inclusive Growth, An Interim Report, 2011.
296. Source: Central Electricity Regulatory Commission Regulations, Terms and Conditions for Recognition and Issuance of 
Renewable Energy Certificate for Renewable Energy Generation, 2010.
297. Breakdown by technology: 44.3% wind, 28.5% bio-fuel cogeneration, 22.6% biomass, 4.2% small hydro, and 0.4% solar.
298. As of December 31, 2011, renewable energy accounted for 10.8% of India’s total installed power generation capacity. Source: 
Central Electricity Authority, Ministry of Power, Government of India, Installed capacity of power utilities as of December 31, 2011, 2011.
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purchased on exchanges299 and subsequently re-
tired for compliance.  The resulting 2011 market 
value was US$22.6 million.300 Since April 2012, 
the CERC has fixed new floor and ceiling prices 
for non-solar and solar RECs which will remain 
valid for a period of five years.301 The floor and 
ceiling prices are intended to provide market par-
ticipants with longer-term visibility and a com-
petitive alternative to the Clean Development 
Mechanism (CDM) given current weak prices.302  

Perform Achieve and Trade (PAT): On April 1, 
2012, the PAT was introduced, covering eight in-
dustrial sectors out of the 15 energy-intensive sec-
tors identified in the NAPCC’s National Mission 
on Enhanced Energy Efficiency (NNEEE). The 
scheme mandates specific energy consump-
tion reduction targets to designated consumers 
(DCs) that collectively account for 25% of na-
tional GDP and about 45% of its commercial 
energy use.303 Those DCs that over-achieve on 

their benchmarks are issued Energy Efficiency 
Certificates (ESCerts) to be traded bilaterally 
or through the two national power exchanges. 
The Bureau of Energy Efficiency at India’s Power 
Ministry has issued the rules and procedures per-
taining to measuring, reporting, and verification 
(MRV).304 It is expected to announce the trading 
infrastructure rules in the near term, with trad-
ing of ESCerts to commence thereafter. For fur-
ther details on PAT please refer to Annex 7: India 
PAT: Market Design and Governance Elements.  

The PAT is projected to avoid 19,000 MW of ad-
ditional generation capacity, save 6.6 million tons 
oil equivalent (toe), and reduce GHG emissions 
by 26.21 MtCO2e by the end of the first compli-
ance period (March 31, 2015).305 Using support 
provided through the World Bank’s Partnership 
for Market Readiness, India has plans to expand 
the PAT by deepening the scope of coverage in 
existing sectors and extending it to new sectors.
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figure 32: 

renewable energy 

Certificates – 

traded volumes 

and clearing 

prices

Source: World Bank, data from IEX, PXIL, and India REC Registry. 

299. IEX accounts for 92% of traded volumes in 2011.
300. The average clearing price for Indian REC in 2011 was INR2575 per unit (US$55.2). 2011 exchange rate US$1=INR47.
301. Source: Central Electricity Regulatory Commission, 2011, Determination of Forbearance and Floor Price for the REC framework 
to be applicable from April 1, 2012.
302. Applying the 2012-2017 price floor for non-solar RECs (INR1500), and an emission factor in India’s grid of 0.93tCO2/MWh, the 
generation of renewable energy generates revenues of REC=US$32/MWh under the REC scheme and US$10.3/MWh under the CDM, 
according to our average 2011 price for primary CERs, and all things being equal. 
303. Source: Bureau of Energy Efficiency, Government of India, 2011, www.bee-india.nic.in.
304. The rules and procedures pertaining to the MRV and trading aspects of the scheme are available at www.bee-india.nic.in. 
305. Source: the Bureau of Energy Efficiency in Sengupta, A., Kumar, S., Roadmap for India in energy efficiency, The Atlantic Energy 
Efficiency Policy Briefs, 2011.
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6.9 japaN by Yuji Mizuno, PhD, Senior 

Planning Officer, Office of Market Mechanisms306 

The Japanese carbon market can be broadly di-
vided into four parts. 

•	 First,	 Japan	 commits	 to	 reduce	 greenhouse	
gas emissions by 6% compared with 1990 
levels during the first commitment period of 
the Kyoto Protocol. To achieve this target, the 
Japanese government plans to acquire Kyoto 
credits by using the Kyoto mechanisms to cover 
the shortfall remaining after domestic reduc-
tion efforts have been implemented. This is 
in accordance with the Kyoto Protocol Target 
Achievement Plan (formulated April 2005, re-
vised March 2008). Purchase agreements were 
signed for 31 million tons in Financial Year (FY) 
2008, 41.5 million tons in FY 2009, 4 million 
tons in FY 2010, and no purchase agreements 
were signed in FY 2011. This brought the cu-
mulative total that was contracted to around 
98 million tons. In addition to that, the electric 
power industry has announced plans to acquire 
260 million tons and the steel industry is to 
acquire 53 million tons of Kyoto credits in the 
Keidanren Voluntary Action Plan. 

•	 Second,	the	Tokyo	cap-and-trade	scheme	has	
been launched as a local emissions trading 
scheme. This covers major facilities and build-
ings located within the Tokyo metropolitan 
area, with the first compliance period running 
from FY 2010 to FY 2014 and the second 
from FY 2015 to FY 2019. Targets have been 
set at a 6% reduction compared to base-year 
emissions levels (average emissions levels dur-
ing any three consecutive years between FY 

2002 and FY 2007) in the first compliance pe-
riod and a reduction of 17% (planned) in the 
second compliance period. This scheme also 
permits offsets to achieve these targets.307  

•	 Third,	 on	 the	 national	 level,	 the	 Japan	
Voluntary Emissions Trading Scheme 
(JVETS) was launched in FY 2005 by the 
Ministry of the Environment. Under the 
JVETS, the participating organizations must 
commit CO2 emission reduction targets, and 
they can reduce emissions by purchasing sub-
sidized equipment as well as by undertaking 
emissions trading. Kyoto credits can be used 
in the JVETS. A total of 389 organizations 
have taken part as participants that have ad-
opted targets, and so far reductions of 1.89 
million tons have been achieved.308 

•	 Fourth,	two	voluntary	crediting	schemes	are	
operating in parallel to the national level. The 
first is a Domestic Credit Scheme introduced 
in October 2008. In this scheme, major com-
panies provide technology, funding or other 
assistance to small and medium-sized com-
panies, civil society (businesses and house-
holds), transport, and other sectors, and au-
thorize greenhouse gas emission reductions 
achieved as credits. Major companies can use 
those credits to meet the targets set by the 
Keidanren Voluntary Action Plan.309  

In addition, the Japan Verified Emission Reduction 
(J-VER) Scheme was established by the Ministry 
of the Environment of Japan in November 2008. 
It is a verification scheme for credits generated 
through the reduction/removal of greenhouse 
gases carried out by domestic projects.310 

306. The Climate Change Policy Division of the Ministry of the Environment in Japan.
307. Eligible offsets are credits from small and medium-sized business within Tokyo, renewable energy (electricity or heat) credits, and 
credits from large business premises outside Tokyo; Kyoto credits are not included at this point. As of December 2011, 2,132 tons had 
been issued as renewable energy credits and 360 tons were traded.
308. Approximately 260,000 tons were traded from FY 2006 to FY 2010 at an average price of around ¥750–1,250 (US$9-16) 
per ton. This is the most active trading to have taken place in a domestic Japanese scheme to date. In addition to this scheme, an 
experimental ETS was launched in October 2008 (scheduled to run until FY 2012). A total of 152 companies had set targets for FY 
2010, including absolute emissions targets and intensity targets.
309. This is a government-wide initiative, with a secretariat composed of the Ministry of Economy, Trade and Industry, the Ministry of the 
Environment, and the Ministry of Agriculture, Forestry and Fisheries. As of December 2011, a total of 574 projects for domestic credits 
had been authorized for around 313,000 tons.
310. As of the end of January 2012, 184 projects were registered, and the amount of total certified J-VER credit was around 161,000 
tons. The median asking trading price for credits from the emissions reduction is around ¥4,000 (US$50) per ton; the price for those 
from forest sinks is around ¥10,000 (US$125) per ton.
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Following the end of the first commitment period 
of the Kyoto Protocol, it was decided to set a second 
commitment period at the COP17 meeting held in 
Durban. Japan will not participate in the second 
commitment period, but will continue its efforts 
to reduce GHG emissions in accordance with the 
Cancun agreements. Japan is proposing the bilat-
eral offset credit mechanism (BOCM) as a practical 
new market mechanism to complement the CDM, 
with the aim of contributing to global emissions re-
ductions and carbon sinks. The BOCM is designed 
to further promote low-carbon investment on a 
global scale by means of the appropriate evaluation 
of emission reductions through the introduction of 
advanced low-carbon technology and products in 
developing countries.311  

The future of the Japanese carbon market will be 
greatly affected by mid-term targets for green-
house gas emission reductions. At this point, 
the conditional target is for a 25% reduction in 
2020 compared with 1990 levels. In response to 
the changed situation, due to the earthquake and 
the nuclear power plant accident in March 2011, 
the government of Japan is aiming to present a 
number of options for a unified energy and envi-
ronmental strategy. This strategy will be presented 
to advisory councils to the government in the 
spring, following the formulation of basic propos-
als on options for nuclear power policy, energy 
strategy, and mitigating policy to climate change 
based on the fundamental direction set out by the 

government’s Energy and Environment Council. 
The aim is to finalize a mid-term target for green-
house gas emission reductions by the summer.

6.10 swiTZerlaNd

In 1997, the Swiss administration (Federal 
Council) presented a federal law to reduce CO2 

emissions, proposing a 10% reduction target by 
2010 (midway through the period 2008 to 2012) 
as compared to 1990 levels. The target was to be 
achieved primarily through voluntary measures, 
with the introduction of a CO2 incentive tax if 
the target could not be achieved on a voluntary 
basis.112 The so-called CO2 Act was adopted by the 
Swiss parliament in 1999313 and entered into ef-
fect on May 1, 2000; it represents the central pillar 
of Swiss climate policy.314 The act also introduced 
separate sectoral targets. In particular, emissions 
from the burning of fossil fuels for heating and 
transportation315 purposes were set to be reduced 
by 15% and 8% respectively, thus also contribut-
ing toward Switzerland’s KP target of 8%.316     

Forecasting a significant shortfall in achieving the 
targets for transportation fuel, the government 
began to introduce a number of additional mea-
sures. As such, on March 23, 2005, the Federal 
Council adopted the application of a CO2 tax 
for heating fuels,317 which took effect on January 
1, 2008. It also introduced the “climate cent” 

311. The intention to consider introducing the BOCM has already been stated in joint declarations with the heads of state of Vietnam 
and the countries of the Mekong region (October 2010). An intergovernmental document with Indonesia in November 2011 also 
states cooperation for the BOCM. In addition, a memorandum between the Ministry of Nature, Environment, and Tourism of Mongolia 
and the Japanese Ministry of the Environment regarding cooperation between the two countries, including the BOCM, was signed in 
December 2011. A feasibility study for the BOCM was carried out by the Ministry of Economy, Trade and Industry and the Ministry of 
the Environment, and 79 studies were adopted in FY 2011. The Ministry of the Environment commissioned experts to conduct capacity 
building for the implementation of the BOCM in 33 countries in Asia, Latin America, Africa, and elsewhere.
312. The CO2 law also envisioned separate targets for heating oils and motor fuels, respectively. Source: Swiss Federal 
Department of the Environment, Transport, Energy and Communications (DETEC), March 17, 1997. (http://www.uvek.admin.ch/
dokumentation/00474/00492/index.html?lang=en&msg-id=3156).
313. Loi fédérale sur la réduction des émissions de CO2, October 8, 1999 (http://www.admin.ch/ch/f/rs/6/641.71.fr.pdf).
314. The Swiss Federal Office for the Environment (FOEN) is responsible for the CO2 Act, which is being implemented jointly by the 
FOEN and the Swiss Federal Office of Energy (SFOE), with the aid of the Swiss Energy program. Source: DETEC (http://www.bfe.
admin.ch/themen/00526/00531/index.html?lang=en).
315. Kerosene used for international flights is not included.
316. Switzerland ratified the Kyoto Protocol (KP) in 2003, thereby committing to reduce GHG emissions by 8% below 1990 levels for 
2008-2012.
317. At a rate of 0.03 CHF/l for fuel oil and 0.025 CHFs/cubic meter for gas.



104 State and Trends of the Carbon Market 2012

for transportation fuels, which took effect on 
January 1, 2006. The Climate Cent Foundation 
(CCF), funded by a tax on gasoline and diesel, 
invests in environmental measures.318 

On February 20, 2008, the Federal Council de-
cided to revise its CO2 law after 2012. Switzerland 
fixed targets comparable to those of the EU, 
namely a minimum GHG reduction target of 
20% below 1990 levels by 2020 (see Box 7).

6.11 oTher iNiTiaTiVes

Several other countries and regions have started 
to develop the domestic capacity to establish 
market mechanisms relating to carbon, renew-
able energy, and energy efficiency. Table 11 pro-
vides an overview of these instruments as well as 
some of the readiness programs designed to sup-
port them.   

318. Source: Biofuels Platform (http://www.biofuels-platform.ch/en/infos/ch-lco2.php#note1).

box 7: The swiss policy measures to reduce ghg emissions
By Mr. Marco Berg, Managing Director of the Climate Cent Foundation (CCF)

The Climate Cent Foundation (CCF) was founded in 2005 by four major Swiss business organiza-
tions. Its purpose was to prevent a lawfully looming levy on transport fuels by making use of the 
flexible mechanisms of the Kyoto Protocol. To this end, CCF was committed to surrendering 17 
million credits, at least 2 million domestic, to the Swiss government in 2013. To date, 14.5 million 
Certified Emission Reductions (CERs) and Emission Reduction Units (ERUs), as well as 2.5 mil-
lion domestic credits, have been purchased, or secured, to offset or reduce excess emissions in 
Switzerland in the 2008-12 period. The funds required for this (i.e., 700 million CHF) were gener-
ated by a charge levied on petrol and diesel imports (at a rate of 0.015 CHF per liter).

As the sole source of demand for domestic offsets and with no experiences to build on, CCF had 
to establish the rules and programs to define and procure domestic offsets. In one program, CCF 
gave direct financial support to owners of existing buildings who invested in a refurbishment of 
the building envelope beyond mandatory energy standards. Emission reductions were calculated 
compared to a standardized baseline. More than 8,000 projects were included in what worked like 
a Program of Activity under the Clean Development Mechanism (CDM), although that concept did 
not exist in 2005.

A second program addressed renewable energy and energy efficiency projects that reduced fossil 
fuel use. The 150 projects under contract, generally small-scale, typically involve the use of wood, 
waste heat, or biofuels. They are credited along standard CDM rules by CCF, which took the risk 
that the government might deem them to be unacceptable upon examination. Project owners had 
to participate in one of ten rounds of auctions by making a bid stating volume of credits offered and 
price per credit. A given volume of funds in was auctioned in each round, which determined the 
cut-off for the highest bid considered.

A third program addressed industrial emitters, who had voluntarily opted-in for the Swiss Emissions 
Trading Scheme (ETS) to get exempt from the levy on heating fuels, as well as small to medium 
enterprises (SMEs), who had committed to intensive emission reduction targets with the govern-
ment.  CCF conducted three rounds of auctions where companies were to offer different volumes 
of credits in a given range of prices per credit. Here the auctioned volume of funds determined the 
equilibrium price for each participant who made a bid at that price. On average, the price of the 
domestic credits was reduced at CHF100 /tCO2.
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319. Source: L’Assemblée fédérale de la Confédération suisse, Loi fédérale sur la réduction des émissions de CO2, December 23, 2011.
320. Source: European Union, Clima East: support to climate change mitigation and adaptation in Russia and eastern neighbourhood 
countries Eastern Partnership Integrated Border Management Programme: Strengthening Surveillance Capacity on the “Green” and 
“Blue” Border between the Republic of Belarus and Ukraine, 2011.
321. Source: PMR Implementing Country Participants’ Organizing Frameworks for Scoping of PMR Activities and updates (www.
wbcarbonfinance.org/pmr). These proposed activities are tentative and may be modified. Some of the countries listed are yet to submit an 
organizing framework in 2012. 
322. Source: Asian Development Bank, Beyond Carbon: Fuel Security as a New Market Mechanism, June 2011.

box 7: The swiss policy measures to reduce ghg emissions (continued)

Despite the fact that in December 2011 a national climate law for the period up to 2020 was 
passed,319 many uncertainties about future demand remain. Lawmakers want domestic emissions 
in 2020 to be at 80% of their 1990 level, seemingly without using international offsets. However, 
Switzerland starts with a surplus of of three million tons of emissions in 2012 – the amount of inter-
national offsets used to comply with the KP. Therefore, the reduction path had Switzerland fulfilled 
its Kyoto target domestically is merely hypothetical. Realistically, the reduction path will need to be 
steeper (see Figure). One way of reducing the burden on the Swiss would be to allow for the triangle 
area between the two reduction paths, roughly 10.5 million tons, to be offset internationally. The 
government is expected to make a decision on this in 2012.
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coUntry  / 
region

domestic marKet mechanisms envisaged 
and sectors covered (if KnoWn)

sUpporting program(s)*

Belarus emissions Trading scheme (eTs). european Union: “Clima east”320

Chile Crediting mechanism and/or eTs: the energy, 
agriculture, forestry, and transport sectors are 
considered.

World bank: partnership for Market 
readiness (pMr)321 

Colombia Crediting mechanism in the transport sector. World bank: pMr

Costa rica Crediting mechanism: transport, energy, mining 
sectors are considered.

World bank: pMr

east asia 
pacific

Fuel security certificate market mechanism: 
implementation of pilots in 2 or 3 cities yet to be 
selected across the east asia pacific region.  

asian development bank: 
sustainable Transport initiative 322

indonesia Crediting mechanism. World bank: pMr

jordan Crediting mechanism: energy and waste 
management sectors (considered).

World bank: pMr

table 11:

emerging 

domestic initiatives 

and supporting 

readiness 

programs 

(non-exhaustive)
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coUntry  / 
region

domestic marKet mechanisms envisaged 
and sectors covered (if KnoWn)

sUpporting program(s)*

kazakhstan eTs: implementation of a pilot over 2013-2015. european bank for reconstruction 
and development (ebrd):  
preparedness for emissions Trading in 
the eBrd region (peTer)323

Morocco Crediting mechanism: electricity, cement production, 
phosphate extraction and processing (considered).

World bank: pMr

south africa Carbon tax to be possibly converted into a domestic 
eTs.

World bank: pMr

Thailand Crediting mechanism and/or eTs:  industry sector 
(urban areas).

World bank: pMr

Turkey infrastructure for market readiness. World bank: pMr
ebrd - sustainable energy initiative 
iii

ukraine eTs: energy and iron & steel sectors.  World bank: pMr
ebrd: peTer
european Union: “Clima east”

Vietnam  Crediting mechanism and/or eTs: steel, solid waste 
management, transport, power, and agricultural 
process sectors (considered).

World bank: pMr

*Several bilateral programs also support capacity building in carbon markets in these countries.
Source: World Bank.

table 11:

emerging domestic 

initiatives and 

supporting 

readiness 

programs 

(non-exhaustive)

(continued)

table 12:

scenario of 

potential demand 

for offsets in non-

annex i Countries 

2013–20 

(MtCo2e)

country (group of) assumptions potential demand 
(mtco2e)

australia Carbon price Mechanism, cap in line with target of 
5% below 2000.

348

eu-27, iceland, 
liechtenstein, and Norway

20%below 1990, with differentiation eu eTs and 
effort sharing.

1,635†

japan Between 25% and 0% below 1990. ≤539

New Zealand NZ eTs: 10% below 1990. 77

North america western Ciimate initiative (wCi): limited to 
California and québec, with international offsets 
allowed in California only.

94

switzerland 20%below 1990, with eTs and other measures. 2.3 -12.8

total ≤2,706

Notes: For detailed assumptions see Annex 8: Assumptions for Estimates of Potential Demand for Offsets 
from non-Annex I Countries. 
†: Already accounts for an inflow in the EU ETS of 865 million CERs and ERUs during Phase II.

box 8: will there be demand for emission reductions after 2012?

Despite the recent confirmation of several initiatives looking beyond 2012, the overall demand for 
international credits remains uncertain. Their key features such as import limits and eligible crediting 
mechanisms still require further rule making, and may likely be influenced by the outcomes of the 
ongoing international negotiations.

323. Source: European Bank for Reconstruction and Development, Regional (TCS 33506): Preparedness for Emissions Trading in the 
EBRD Region (PETER), December 2011.
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324. Source: Japan’s Ministry of Foreign Affairs, Ministry of Economy, Trade and Industry, Ministry of the Environment, Japan’s initiatives 
on the Bilateral Offset Credit Mechanism (BOCM) and other activities for developing countries, April 14, 2012.
325. Over 2010-2011, 50 projects over more than 18 countries were selected by the Government, in order to perform feasibility 
studies. The mechanism is expected to start operations in 2013.

box 8: will there be demand for emission reductions after 2012? (continued)

We estimate that demand for emission reductions generated in developing countries could range 
from 2,156 to 2,706 billion tCO2e over 2013–2020 (see Table 12). Such demand may be met 
through offsets generated from CDM and JI projects, as well as new market approaches under the 
UNFCCC or agreements concluded outside of the multilateral process:

• The EU Climate and Energy Package remains the main driver of post-2012 demand for interna-
tional offsets, with a total of 1,635 MtCO2e over 2013-2020 absorbed by the EU ETS and EU in-
ternal burden sharing (60-76% of the total). If the EU moved from 20% to 30% GHG emissions 
target below 1990 level by 2020, we estimate such demand will reach roughly 2,435 MtCO2e. 

• In addition, Australia’s Carbon Price Mechanism, which allows scheme participants to use inter-
national offsets to meet up to 50% of their liability from 2015, is expected to import another 348 
MtCO2e from overseas until 2020. 

• In North America, potential demand currently only comes from California, with 94 MtCO2e maxi-
mum over 2013-2020 of sector-based offset credits. However, if Québec and the other three 
WCI partners adopted similar provisions, we estimate the collective demand for such credits 
could amount to roughly 200 MtCO2e. 

• Although Japan will not participate in the Kyoto Protocol’s Second Commitment period, it intends 
to remain in the Protocol and to rely on Kyoto Mechanisms to achieve its post-2012 target.324  
Japan is also preparing a Bilateral Offsetting Credit Mechanism (BOCM) that is intended to 
complement its use of Kyoto Mechanisms.325 We estimate Japan may represent a maximum de-
mand of 539 MtCO2e for both credits types by 2020. 

• Based on current targets, New Zealand could add 77 MtCO2e to the total demand.
• Based on current targets, Switzerland could add 2.3 to 12.8 MtCO2e, depending on on-going 

policy ruling.
 
As detailed in earlier in the Section, there are also several non-Annex I countries—such as Brazil, 
Chile, China, or the Republic of Korea—that already moved forward emissions trading, and which 
may, at some point, generate possible demand for domestic and international offsets. However, it is 
still impossible to provide any estimate of this demand and thus we do not consider it here.

Estimates of supply for international offsets are forecasts for CDM and JI only (see Table 13). About 
2.3 to 4.8 billion offsets could be generated post-2012. The lower end of this range does not ac-
count for new projects possibly entering the CDM pipeline after April 2012 and for possible renewal 
of crediting period for already registered projects. The upper end of the range assumes full crediting 
renewal of the projects. We expect limited unused pre-2013 credits to come in addition to this sup-
ply. One can conclude that the supply of existing current Kyoto mechanisms, i.e. CDM and JI, may be 
sufficient alone to serve global demand for international offsets over 2013-2020. Beyond 2012, the 
lack of demand for international offsets and uncertainties over their utilization in the current initiatives 
are the main constraints to the carbon market. This provides no further encouragement to build up 
a substantial and credible supply based on innovative mechanisms. For both developed and devel-
oping countries, this could be a missed opportunity to benefit from market instruments to mobilize 
resources and engage the private sector in climate action.
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table 13: 

estimates of 

potential supply 

under the CdM 

and ji up to 2020 

(MtCo2e)

pre-2013 post-2012 cummulative  
(up to 2020)

Point Carbon

CdM-eu eTs eligible 1,250 2,138 3,388 

CdM-other - 554 554 

eru 296 51 347 

total 1,546 2,743 4,289 

Deutsche Bank*

CdM-eu eTs eligible 1,301 1,847 3,149 

CdM-other 2 468 470 

eru 250 -   250 

total 1,553 2,315 3,869 

CDC Climat**

CdM-eu eTs eligible 1,269 3,381 4,651 

CdM-other 2 1,415 1,417 

eru 357 -   357 

total 1,628 4,797 6,425 

* Secured supply from the first crediting period of projects registered of April 2012.
** Risk-adjusted issuance and full crediting renewal of projects in the CDM pipeline.

 

box 8: will there be demand for emission reductions after 2012? (continued)
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Annex 1: International reaction to aviation 
in the EU ETS

On December 16, 2009, the Air Transport 
Association of America (currently called Airlines 
for America or A4A), together with American 
Airlines, Continental Airlines, and United 
Airlines, filed a lawsuit contesting the measures. 
They contended that the directive (i) infringes on 
the Chicago Convention, the Kyoto Protocol,326 
and the Open Skies Agreement327 because it im-
poses a form of tax on fuel consumption; and 
(ii) infringes on certain principles of customary 
international law in that it seeks to apply the al-
lowance trading scheme beyond the EU’s territo-
rial jurisdiction.328  

On October 6, 2011, the Advocate General of 
the Court of Justice of the EU (ECJ) issued a 
preliminary opinion supporting the decision to 
include non-EU airlines in the EU ETS. On 
December 21, 2011, the ECJ ruled that the 
EU decision to include the aviation sector in its 
Emission Trading Scheme (ETS) from 2012 is 
lawful under international law, thereby providing 
that all airlines – including those of third coun-
tries – will have to acquire and surrender emis-
sion allowances for their flights departing from 
and arriving at European airports.329 On March 
27, 2012, A4A announced it was dropping its 

private lawsuit against the ETS, but urged the 
U.S. government “to accelerate its work to re-
verse this unilateral tax.”330 

The International Air Transport Association 
(IATA), whose 230 members carry more than 
93% of scheduled international air traffic, has 
claimed the ETS will cost airlines 1.2 billion 
Euros ($1.6 billion) this year, rising to an esti-
mated 9 billion Euros ($11.8 billion) in 2020; it 
has forecast a 29% drop in the industry’s profit 
in 2012.331 Other analyses produced by the 
European Commission332 and MIT333 differ.

Studies show that while the inclusion of avia-
tion in the EU ETS is being implemented in a 
way that limits distortion of competition, some 
changes in competitiveness may occur. Hub air-
ports just outside the EU, along with the non-
EU airlines that serve these airports, may become 
more competitive for some routes. Thus, some 
carbon leakage is likely to take place, meaning 
that the reduction of aviation emissions within 
the EU is partly compensated for by an increase 
of emissions outside of the EU ETS.  Still, the 
impact of this shift in air traffic is deemed to be 
limited.334  

326. Regarding the principle of common but differentiated responsibilities between Annex 1 and non Annex 1 countries enshrined in the 
Framework Convention.
327. Air Transport Agreement between the United States of America, of the one part, and the European Community and its Member 
States, of the other part, concluded on April 25-30, 2007.  
328. Source: Court of Justice of the EU, Press Release No 139/11, Luxembourg, December 21, 2011, on Judgment in Case C-366/10: 
Air Transport Association of America and Others v Secretary of State for Energy and Climate Change.
329. Source: Judgment of the Court (Grand Chamber), December 21, 2011, reference for a preliminary ruling from the High Court of 
Justice of England and Wales, made by decision of July 8, 2010; InfoCuria. http://curia.europa.eu/juris/document/document.jsf?text=&do
cid=117193&pageIndex=0&doclang=en&mode=req&dir=&occ=first&part=1&cid=5925.
330. Source: Carbon Finance Online, EU aviation dispute to fade, as U.S. association drops lawsuit, March 28, 2012.
331. Source: Thomson Reuters Point Carbon, Carbon Market News, January 4, 2012. 
332. Source: European Commission. Questions & Answers on the benchmark for free allocation to airlines and on the inclusion of 
aviation in the EU’s Emission Trading System (EU ETS), September, 2011.
333. Source: Journal of Air Transport Management. The impact of the European Union Emissions Trading Scheme on US aviation. 
December, 2011.  
334. Source: Faber, J., Brinke, L., The Inclusion of Aviation in the EU Emissions Trading System, September 2011.
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A sequence of recent international reactions is 
provided below:

•	 Reacting	to	the	letters	sent	by	major	airlines	
to several government officials in Europe, 
including France, on March 22, 2012, the 
French Prime Minister sent a letter to EC 
President Jose Manuel Barroso urging the 
Commission to “make all the necessary ef-
forts” to find a solution acceptable to countries 
outside the region, as “this situation is caus-
ing strong concerns among companies.”335 

•	 On	March	22,	2012,	Indian	officials	directed	
its airlines not to report their emissions or 
submit emissions monitoring plan to the EU 
authorities. They also indicated that a “basket 
of measures” was available to the Indian gov-
ernment to counter the scheme.336 

•	 Also	on	March	22,	2012,	the	South	African	
Tourism Minister urged the EU to suspend 
the inclusion of aviation in the EU ETS for 
two years to allow time for a global agreement 
on carbon tax at the United Nations.337  

•	 On	March	12,	2012,	Airbus	and	other	major	
airlines wrote to Europe’s leaders warning about 
the economic consequences of the ETS on the 
aviation sector. They called on governments 
to find an unspecified “compromise solution” 
to the growing dispute over the extension of 
the EU Emissions Trading System to the sec-
tor: claims have been made that US$12 billion 
worth of Airbus orders have been suspended 
in China. Airbus estimates this will jeopardize 
more than 1,000 Airbus jobs in Europe and a 
further 1,000 in the supply chain.338 A few days 

later, in addition to the previously suspended 
purchase of 10 Airbus A380 super-jumbos and 
35 A330s worth $12 billion, China delayed the 
purchase of an additional 10 Airbus long-haul 
jets. This brings to US$14 billion the value of 
the purchases halted.339  

•	 On	 February	 14,	 2012,	 the	 U.S.	 enacted	
the “FAA Modernization and Reform Act of 
2012,” which includes a clear congressional 
statement opposing the extraterritorial reach 
of the EU ETS and advising the government 
to use “all political, diplomatic, and legal 
tools” at its disposal to ensure the scheme is 
not applied to U.S. registered aircraft or to 
the operators of such aircraft.340  

•	 On	 February	 6,	 2012,	 the	 Civil	 Aviation	
Administration of China reportedly ordered 
Chinese airlines not to comply with the EU 
ETS and prohibited companies from charging 
customers with the cost of reducing emissions 
under the scheme. At the same time, China’s 
State Council, or cabinet, reportedly said that 
all domestic airlines were banned from taking 
part in the EU ETS unless given government 
approval. Following that news, on February 
7, the Chinese Foreign Ministry spokesman 
confirmed: “China will consider taking nec-
essary steps in accordance with the way things 
develop to protect the rights of our nationals 
and our companies …”; “we hope that the 
EU ... can pay attention to China’s concerns 
and take a practical and constructive attitude 
to increase communication and coordination 
with all sides to find an appropriate solution 
that all sides can accept.”341 

335. Source: Thomson Reuters Point Carbon, France urges EU to solve airlines carbon payment row, Carbon Market Daily, April 5, 
2012.
336. Source: Thomson Reuters Point Carbon, After China, India asks airlines to boycott EU carbon scheme, Carbon Market Daily, 
March 22, 2012.
337. This came from Pretoria’s tourism minister, Marthinus van Schalkwyk, at the Air Transport Action Group (ATAG) Aviation & 
Environment Summit 2012 in Geneva conference. Source: Climate Connect News, March 22, 2012.
338. In a letter to UK Prime Minister David Cameron and high-level members of the EC, the CEOs of British Airways (BA), Virgin 
Atlantic, and Airbus warned that threatened retaliatory measures over the extension of the EU ETS to aviation “are now becoming very 
real and are being translated into concrete action, which is starting to have serious consequences on the European aviation business.” 
Similar letters were sent to the leaders of France, Germany, and Spain by carriers Air France, Iberia, Air Berlin, and Lufthansa, and 
equipment manufacturers Safran and MTU Aero Engines. Source: Carbon Finance Online, Aviation industry urges compromise solution 
to EU ETS dispute, March 13, 2012.
339. Source: Thomson Reuters Point Carbon, Carbon Market Daily, March 15, 2012.
340. Source: Clifford Chance, Turbulence in the EU ETS – a practical overview of the EU ETS for aircraft lessors and lenders, Briefing 
Note, February, 2012. 
341. Source: Thomson Reuters Point Carbon, Carbon Market Daily, February 7, 2012.
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•	 On	 December	 16,	 2011	 (i.e.,	 5	 days	 prior	
to the ECJ’s decision), in a letter sent by the 
U.S. administration to EU officials, the U.S. 
Secretaries of State and Transportation wrote: 
“we strongly urge the EU and its Member 
States within their respective competences 
to reconsider this current course; halt or, at 
a minimum, delay or suspend application 
of this Directive,” also saying, “Absent such 
willingness on the part of the EU, we will be 
compelled to take appropriate action.” The 
letter also included a list of 43 countries342 

that publicly opposed the application of the 
directive to non-European airlines.343 A reply 
was sent on January 16, signed by Siim Kallas 
(Vice President of European Commission) 
and Connie Hedegaard (Climate Action 
Commissioner).

•	 On	 October	 24,	 2011,	 the	 House	 of	
Representatives in the U.S. Congress passed 
a bill (H.R. 2594) that would make it illegal 
for U.S. airlines to comply with their obliga-
tions under the EU ETS. In order to become 
U.S. law, a similar bill would have to be ad-
opted by the U.S. Senate; this is considered 
unlikely by market analysts. U.S. airlines are 
expected to continue to comply with their 
EU ETS obligations.

•	 CATA,	which	 represents	China’s	 four	major	
airlines (flag-carrier Air China Ltd, China 
Southern Airlines, China Eastern Airlines, 
and Hainan Airlines), refuses to accept the 
resolution and declared Chinese airlines 
would consider legal action against the EU in 
response to its charges for carbon emissions. 
In addition, China has reportedly blocked a 
$3.8 billion aircraft purchase by Hong Kong 
Airlines from France-based Airbus at the Paris 
air show in June.344 

•	 Australia’s	Qantas	Airways	has	 said	 it	 is	also	
considering legal action against the scheme.

•	 Facing	 a	 sluggish	 economy	 and	weak	 cargo	
demand, Hong Kong-based Cathay Pacific 
Airways, Ltd, and some other Asian airlines 
have said they might impose surcharges or in-
crease airfares to counter the ETS impact.

•	 The	 director	 general	 of	 the	 Association	 of	
Asia Pacific Airlines said: “The EU has paint-
ed itself into a corner, by stubbornly refusing 
to recognize the legitimacy of the concerns 
repeatedly voiced by foreign governments on 
this issue….” “We urge the EU to scrap plans 
to include foreign airlines within the EU 
ETS, rethink its position and reengage with 
the international community.”

•	 In	early	2012,	 low-budget	Malaysian	airline	
AirAsia X said it is withdrawing two services 
to Europe partly in response to the airline be-
ing regulated under the EU ETS.

342. Countries include Brazil, Canada, China, India, Japan, Mexico, Republic of Korea, Russian Federation, South Africa, and the United 
States.
343. Source: http://images.politico.com/global/2011/12/scan_letter_hillary_clinton.pdf.
344. Source: Thomson Reuters Point Carbon, Carbon Market Daily, September 30, 2011.
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Annex 2: Land-use carbon

Land-use greenhouse gas mitigation activities have 
long remained on the fringe of global carbon mar-
kets.345 Limited in scope for generating credits that 
are not eligible in the main compliance regimes, 
land-use carbon has been mostly restricted to the 
much-smaller voluntary market.346 The latter has, 
however, provided interesting ground for innova-
tion and helped project developers address new 
types of land-use activities and develop specific 
carbon accounting tools.347  The on-the-ground 
experience acquired, has informed and enhanced 
the discussion on land-use carbon, both domesti-
cally and internationally. The year 2011 saw long-
term land-use efforts begin to bear fruit and was 
therefore a transitional year for the market. First, 
the prospect of scaled-up demand for land-use as-
sets materialized with the emergence of new carbon 
markets – such as in Australia and California.348 
These markets have set out plans to tap into domes-
tic forest and soil sinks to generate compliance off-
sets. At an international level, Durban recognized 
that market-based approaches may be developed in 
the coming years to finance REDD+ activities.349  
It also opened the door for expanding the scope of 
CDM land-use activities beyond reforestation and 
afforestation. The supply of land-use carbon offsets 
also became tangible with the issuance of the first 
REDD voluntary credits in February 2011. These 
credits were generated from a Kenyan carbon proj-
ect. In addition, the first forestry credits under the 

Kyoto Protocol were issued in April 2012, gener-
ated from a reforestation project in Brazil that was 
granted 4 million temporary CERs (tCERs).

While mostly relying on public financing until 
recently, and despite lingering uncertainties on 
the size and timeline for compliance demand, 
land-use carbon is gradually gaining traction 
from a more diversified set of investors. In 2011 
and 2012, several funds emerged and joined the 
first few pioneers (see Table 14). Although far 
from their full capitalization targets, these funds 
are estimated to collectively raise about US$530-
550 million (€402-417 million) by the end of 
2012 for investment in land-use carbon off-
sets.350 The funds that have emerged have a range 
of investment strategies, markets, and scope of 
investors, as described below. 
 
Most of the funds listed in Table 14 invest in 
carbon offsets through off-take agreements with 
project developers. Once the credits are issued, 
the fund managers may directly monetize them 
in the secondary market and return the proceeds 
to their participants (yield-driven funds). The 
credits can also be delivered to participants who 
either seek monetization or use them for their 
own compliance or voluntary offsetting. In the 
specific case of equity funds, investors seek re-
turns from the dividends of their shareholdings 

345. In this section, land-use carbon broadly refers to carbon offsets sourced from forestry and agricultural soil management activities 
that reduce and/or sequester greenhouse gases.
346. In 2011, the voluntary carbon market accounted for roughly 0.2% of global carbon markets volumes (see Executive summary).
347. Source: Guigon, P., Voluntary Carbon Market, How Can they Serve Climate Policies, 2011. OECD.
348. Carbon Farming Initiative (CFI) in Australia, and cap and trade program in California.
349. REDD-plus refers to incentives for reducing greenhouse gas emissions from deforestation and forest degradation and for 
promoting forest conservation, sustainable forest management, and enhancement of forest carbon stocks.
350. This figure is an estimate based on either public information (if available) or confidential information (bilateral interviews), and 
represents the financial commitments that the funds listed have collectively secured as of April 2012, and/or should have secured 
by the end of 2012. This estimate does not account for one fund, for which such information could not be obtained. Although these 
funds intend to primarily address land-use carbon, some may also source credits from rural energy use projects. The “targeted financial 
commitments” featured only derive from publicly accessible sources (e.g., presentation, advertisement support). Exchange rate used €1 
= US$1.32. Source: European Central Bank, as at April 20, 2012.
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in project enterprises earning income from the 
sale of production outputs (e.g., carbon offsets, 
timber, or various agricultural commodities).
 
Although some funds specifically address compli-
ance markets (e.g., Kyoto Protocol, California), 
most of them still invest in voluntary assets. 
However, those often bet on enhanced returns 
from potential grandfathering of their assets in 
future compliance markets, such as under an in-
ternational or bilateral REDD+ agreement.  

The wide range of land-use activities covered by 
the funds exemplifies the different markets that 
they address, as well as the availability of carbon 

accounting methodologies. In California, for ex-
ample, the forestry protocols currently approved 
under the compliance offset program involve 
tree planting and forest management activities 
in both rural and urban areas.351 A number of 
methodologies approved under the Verified 
Carbon Standard (VCS) address both forest and 
agricultural land (for the latter, the first meth-
odology was approved in December 2011) and 
may ultimately supply the generation of future 
compliance regimes.352 Although most of the 
funds invest in standalone land-use projects, 
some are seeking scale through a more integrated 
approach, using landscape accounting353 or even 
crediting against national baselines.

launch 
year 

targeted 
commitment 
(million 
Us$) 

manager investors 
(non-exhaustive) 

investment 
strategy 

scope targeted  
carbon 
market 

althelia 
Climate 
Fund

2011 325 althelia 
ecosphere 

dutch 
development 
Finance 
institution, indus-
trial corporate(s), 
institutional 
investor(s)

assets: 
carbon credits, 
sustainable 
commodities , 
and  payments 
for ecosystem 
services.
yield-driven: 
credits mon-
etization  and 
delivery.

activities: 
forest (redd, 
landscape).
scale: project, 
at scale.

Voluntary.

BioCarbon 2011 25 BioCarbon 
group

Macquarie group, 
international 
Finance 
Corporation 
(world Bank), 
global Forest 
partners.

assets: carbon 
credits.
yield-driven: 
monetization.

activities: forest 
(redd), soil
scale: project

Voluntary.
pre-
compliance:  
post-kyoto, 
bilateral.

BioCarbon 
Fund ( i ,ii, 
iii) 

2004 (i) 
2007 (ii)
2012 (iii)

90 (closed)
60 (open)

world Bank spain, japan 
petroleum 
exploration, 
Tokyo electric 
power, agence 
Française de 
développement, 
ireland.354

assets: credits.
not yield-
driven: credits 
delivery.

activities: for-
est (diverse), 
soil, landscape 
(rural energy also 
envisaged.)
scale: project, at 
scale

Compliance: 
kyoto
Voluntary.

351. Source: California Air Resources Board, Compliance Offset Protocol for U.S. Forest Projects, 2011.
352. The methodologies approved under the VCS are available at http://www.v-c-s.org/methodologies/what-methodology.
353. Landscape carbon accounting is an integrated approach which consists of crediting for a variety of greenhouse gas emission 
reduction activities (e.g., land-use and rural energy activities) within a defined large-scale boundary. It therefore differs from classic silos 
where activities are addressed separately. Source: World Bank, BioCarbon Fund Tranche 3, Concept note, March 2012.
354. For the full list of participants, refer to the website of the Carbon Finance Unit of the World Bank.

table 14: investment funds and land-use carbon
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launch 
year 

targeted 
commitment 
(million 
Us$) 

manager investors 
(non-exhaustive) 

investment 
strategy 

scope targeted  
carbon 
market 

Carbon 
Fund for 
Forests 

2011 132 CdC Climat 
asset 
Management 

CdC Climat, 
orbeo, institu-
tional investors.

assets: carbon 
credits.
yield-driven:  
monetization.

activities: forest 
(diverse)
size: project.

Compliance: 
North america
Voluntary.
pre-
compliance:  
post-kyoto, 
bilateral.

eko 
green 
Carbon 
Fund 

2011 5-10 eko asset 
Management 
partners 

Bp alternative 
energy, institu-
tional investors, 
family offices.

assets: carbon 
credits.
yield-driven: 
monetization.

activities: forest 
(diverse), soil
scale: project.

Compliance:  
North america

FCpF 
Carbon 
Fund 

2011 215 world Bank Norway, germany, 
uk, australia, 
usa, european 
Commission, 
CdC Climat, 
Bp alternative 
energy, 
The Nature 
Conservancy, 
switzerland, 
Canada.

assets: emis-
sion reductions, 
with the poten-
tial of becoming 
credits. .
not yield- 
driven: delivery.

activities: forest 
(redd)
scale: jurisdic-
tion (subnation-
al, national).

Voluntary.
pre-
compliance: 
post-kyoto, 
bilateral.

Forest 
Carbon 
partners

2012 Not 
disclosed

New Forests Not disclosed. assets: carbon 
credits.
yield-driven: 
monetization.

activities: forest 
(diverse), soil.
scale: project.

Compliance:  
North 
america.

livelihoods 
Fund 

2011 40-66 livelihood 
Venture 

CdC Climat, 
Credit agricole, 
danone, 
schneider 
electric. 

assets: carbon 
credits (100% 
up-front finance 
in exchange for 
carbon credits).
not yield- 
driven: delivery.

activities: forest 
(diverse), soil 
(rural energy 
also envisaged).
scale: project.

Voluntary.

Moringa 
Fund  

2012 132  Compagnie 
Benjamin de 
rothschild 
(CBr), oNFi

development 
Finance 
institutions, , insti-
tutional investors, 
family offices.

assets: 
equity (invest-
ment in project 
companies). 
yield-driven: 
dividends based 
on sales of 
timber & agro 
products with 
an upside com-
ing from carbon 
credits.

activities: agro-
forestry (out-
puts: timber, soft 
commodities 
carbon & other 
environmental 
externalities).
scale: project.

Voluntary.

Terra Bella 
Fund 

2011 150 Terra global 
investment 
Management

The u.s. 
overseas private 
investment 
Corporation, insti-
tutional investors.

assets: carbon 
credits, equity
yield-driven: 
monetization, 
dividends.

activities: 
forest (redd), 
agriculture.
scale: project.

Voluntary.
pre-
compliance: 
post-kyoto, 
bilateral.

table 14: investment funds and land-use carbon (continued)
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Annex 3: The state of the voluntary market
By Forest Trends-Ecosystem Marketplace 

In 2011, activity in the voluntary carbon mar-
ket (VCM) stabilized to contract 79 million tons 
(Mt) for immediate or future delivery. Overall 
transaction volumes decreased 39% from 2010.  
However, excluding one low-priced, high vol-
ume outlier from the 2010 market, this repre-
sents a 14% increase over 2010 levels.  

The value of the voluntary OTC marketplace in-
creased by 35% to US$573 million as the aver-
age offset price jumped from US$6/ton in 2010 
to US$7.3/ton in 2011. As always, prices were 
highly stratified according to standard, location 
and technology, ranging from a low US$0.1/ton 
to over US$100/ton.
 
Renewable energy projects generated around 56 
Mt of all transacted reductions – roughly the size 
of the entire 2009 VCM OTC market. Of this 
volume, wind projects blew away other technol-
ogies to transact over 20 Mt.  

For projects that reduce emissions from de-
forestation and forest degradation (REDD), 
2011 launched with optimism with progress 
around REDD+ at the UNFCCC’s 2010 16th 

Conference of Parties in Cancun – as well as 
project developer Wildlife Works’ fast-moving 
Kenyan REDD project that brought the first 
verified VCS REDD credits to market.  

As the year progressed, however, only one other 
REDD project achieved verification, as project 
developers and third-party standards continued 
to navigate REDD projects’ unique political and 
technical challenges. REDD projects contracted 
7.7 Mt representing 60 percent less volume than 
in 2010 – but nonetheless remained a popular 
project type.  

As a result of voluntary buyers’ renewed inter-
est in clean energy projects, Asia emerged as the 
top location for offset supply – taking the lead 
from the United States, which was the leading 
credit source in 2009 and 2010. Demand for 
credits from Asian renewables was reflective of 
the CDM’s historic influence on the VCM. Last 
year, market players followed the CDM market 
into Africa to transact the highest ever volume 
of credits from the region (7.4 Mt). Africa-based 
projects benefited both from the CDM’s intensi-
fied post-2012 focus on credits from LDC’s, as 

market average price  
(Us$/tco2e)

volume 
 (mtco2e)

value 
 (Us$ million)

2010 2011 2010 2011 2010 2011

Voluntary oTC Market 6 6.5 69* 87 414 569

   Of which Verified Carbon Standard 5 4.4 28 43 142 191

   Of which Gold Standard 11.3 10.4 6.5 8 73 86

   Of which Climate Action Reserve 6 7.3 13 9 79 65

   Of which American Carbon Registry 1.6 5.7 1.5 4 2.5 24

*129Mt with single large CCX outlier transaction of 59Mt.
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well as innovative cook stove, forestry and water 
purification projects that emerged from the pipe-
line in 2011 after years of capacity building and 
methodology development.

The U.S. retained its standing as the largest sin-
gle country supplier of offsets, however – and 
also the largest buyer for both voluntary purpos-
es and to prepare for regulation in the emerging 
California cap-and-trade market.  

Worldwide, suppliers reported that 80% of credits 
were transacted by voluntary buyers with the in-
tent to retire credits – and over half of all voluntary 

buyers were based in Europe. Buyers from the en-
ergy, manufacturing and financial sectors picked 
up the lion’s share of purely voluntary offsets. 
Purchases were motivated by the aim of meeting 
and communicating their corporate GHG targets 
(59%). Another 6% of buyers worldwide pur-
chased offsets to green their supply chains.
 
Third party standards continued to launch new 
methodologies and in cases such as the Climate 
Action Reserve, are becoming increasingly rel-
evant to regulators. Overall, the Verified Carbon 
Standard (VCS) maintained its lead in contract-
ed volume.  
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Annex 4: California’s cap-and-trade design 
features

gases  Ch4, Co2, hFCs, NF3, N2o, pFCs, sF6.

sectoral scope -Coverage: 85% of California’s ghg emissions
-From 2012: stationary facilities emitting at least 25,000 tCo2e per year, in industry 
and power generation (including imports).  
-From 2015: distribution (including imports) of fuels for combustion in the 
transportation and building sectors, whose combustion emits more than 25,000 tCo2e 
per year.  including threshold for power imports drops to 0tCo2e per year.

compliance periods -Three compliance periods: 2013-2014 (Cp1), 2015-2017 (Cp2) and 2018-2020 
(Cp3).
-annual compliance:  30% of the compliance obligations of a year is due no later than 
1 November of the following calendar year.
-Triennial compliance:  the balance of compliance obligations for the whole compliance 
period is due no later than 1 November of the year following the end of the compliance 
period (i.e. 2015, 2018, and 2021).

cap -Target: -9% from 2005 levels, or 0% from 1990 levels.

*under the Voluntary renewable electricity (Vre) program, arB sets aside allowances 
(0.5% in Cp1, and 0.25% in Cp2 and Cp3) to be retired on behalf of uncovered 
entities purchasing renewable electricity.

regulator California air resources Board (CarB).

compliance units -emissions allowance issued by CarB.
-offset credit issued by CarB.
-early action offset credit issued by arB following regulatory verification and review of 
an offset from an eligible program.
-Compliance instrument issued by another ghg linked program.

allocation -Free allocation to eligible industrial facilities based on 1) a product-specific 
greenhouse gas emissions benchmark, and 2) an assistance factor based on exposure 
to leakage, which declines over time for some industries.
-Free allocation to electricity distributors:  investor owned utilities (iou) are required 
to auction all free allowances, publicly owned utility (pou) can either auction free 
allowances or use them for compliance.

auctions -quarterly auctions.  First auction on November 14, 2012.
-uniform price, single round, sealed bids, and proportional allocation for tied bids.  
All bids converted to a single currency using the exchange rate by the Auction 
Administrator on the day of the auction prior to bidding window.
-Market share limit:  only applicable to auctions taking place until 2014.  15% of the 
offered allowances for a compliance participant (40% for an electrical distribution 
utility - removed in draft linked amended regulation), and 4% for a non compliance 
participant.
-reserve price set at us$10/unit in 2012, increasing 5% per year plus inflation rate 
to be specified. Reserve price in Canadian dollars (CN$) is that of the previous year 
increased by 5 percent plus as adjusted in Financial Administration Act of Québec. 
Auction Reserve Price is reset on day of auction as the higher of the California and 
Québec auction reserve price when converted to a single currency.  
-US$/CN$ exchange rate as specified by the Auction Administrator.

year 2013 2014 2015 2016 2017 2018 2019 2020

allowance budget 
(million units)

162.8 159.7 394.5 382.4 370.4 358.3 346.3 334.2

Cap (net pCr and Vre*) 160.4 157.3 337.7 366.1 354.7 332.3 321.2 310.0
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banking & borrowing -unlimited banking (but subject to holding limit).
-No borrowing stricto sensu, but advance auctions (on year N auctions of 10% of the 
allowances from future budget year N+3), and an allowance price containment reserve 
(see below).

offsets -utilization limit: 8% of compliance obligations for each compliance period (i.e.  218 
MtCo2e maximum).
-unused offset capacity cannot be banked across Cps.  -Four sources:
1) Compliance offset Credits issued by CarB. 
2) early action offset Credits issued by CarB.
3) Compliance offset Credits issued by a linked regulatory program (subject to further 
rule-making).
4) sector-Based offset Credits from crediting program (subject to further rule-
making). applicable sub-limit of 2% of compliance obligations in Cp1, and 4% in Cp2 
and Cp3 (i.e. 94 MtCo2e maximum).
-invalidation provision: CarB can remove from its holder’s account or require its 
replacement, within a timeframe of 8 years, or 3 years if the project has been reviewed 
by a second verifier within 3 years.

allowance price 
containment 
reserve (pcr)

-share of total allowance budget feeding the reserve: 1% in 2013-2014, 4% in 2015-
2017, 7% in 2018-2020.
-First sale on March 8, 2013, and six weeks after each auction for the following ones.
-sales only open to compliance participants.
-reserve divided in three equal-sized tiers according three fixed price categories: 
40usd, 45usd, and us$50 per unit in 2013, increasing 5% per year plus inflation 
rate to be specified. 
-Draft linking amended regulation defines that entities from another GHG linked 
program are not eligible to purchase allowances from the reserve.

holding limit -limit in the number of California allowances that any entity or group of affiliated 
entities can hold on its account.
-Calculation formula: holding limit = 0.1 * base + 0.025 * (Compliance period Budget 
– Base). e.g., 5.945 million allowances in 2013.
-draft linking amended regulation include allowances from other external linked 
programs in the calculation of the holding limit, and defines a holding limit for each 
allowance vintage year.

penalty for 
non-compliance

Four allowances for each missing one.

Source: World Bank, California Air Resources Board.

 
The text in italic reflects some of the amendments to the cap-and-trade regulation proposed by CARB staff in a discussion draft 
published on March 30, 2012. Source: California Air Resources Board, Discussion Draft - March 30, 2012 Amendments to the 
California Cap on Greenhouse Gas Emissions and Market-Based Compliance Mechanisms to Allow for the Use of Compliance 
Instruments Issued by Linked Jurisdictions, March 2012.
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Annex 5: Québec’s cap-and trade design 
features

gases  Ch4, Co2, hFCs, NF3, N2o, pFCs, sF6.

sectoral scope -From 2012: stationary facilities emitting at least 25,000 tCo2e per year, in industry and 
power generation (including imports, i.e. out-of-state generation).
-From 2015: distribution (including imports) of fuels for combustion in the transportation 
(excluding aviation and shipping) and building sectors.

compliance 
periods

-Three compliance periods: 2013-2014 (Cp1), 2015-2017 (Cp2) and 2018-2020 (Cp3).
-Compliance obligations no later than 1 october of the year following the end of the 
compliance period (triennial compliance).

cap  

regulator Ministry of sustainable development, environment and parks.

compliance 
units

-emissions allowance issued by québec.
-early reduction credit issued by québec.
-Compliance instrument issued by a government under official agreement with québec.
-offset credit issued by québec.

allocation -Free allocation to eligible emitters, based on performance benchmarks.
-75% of the free allowances allocated in january of each year.
-remaining 25% is put aside until september of the following for adjustment based on annual 
verified emissions.
-regulator to claim back surplus if any after adjustment.

auctions -quarterly auctions (at most).
-uniform price, single round, sealed bids.
-Market share limit:  15% for a compliance participant, and 4% for a non compliance 
participant for 2013 and 2014 units, and 25% for any bidder for 2015.
-reserve price set at CN$10/unit in 2012, increasing 5% per year plus as adjusted in 
Financial administration act of québec.

holding limit -limit in the number of allowances that any entity or group of affiliated entities can hold on its 
account.
-Calculation formula: holding limit = 0.1 * base + 0.025 * (Compliance period Budget – 
Base).(e.g., 0.875 million allowances in 2013).

banking & 
borrowing

-unlimited banking (subject to holding limit).
-No borrowing stricto sensu, but an allowance price containment reserve (see below).

offsets -issued by the regulator.
-limit of 8% of compliance obligations (for each compliance period ): 34 MtCo2e maximum 
(4.1 MtCo2e in Cp1, 15.9 MtCo2e in Cp2, 13.9 in MtCo2e Cp3)

allowance price 
containment 
reserve (pcr)

-share of total allowance feeding the reserve: 1% in 2013-2014, 4% in 2015-2017, and 7% 
in 2018-2020.
-sales according to three price categories: CN$40, CN$45, and CN$50 per unit in 2013, 
increasing 5% per year plus as adjusted in Financial administration act of québec.

early reduction 
credits

-issued for reductions made by covered entities over 2008-2011 and measured against 
2005-2007 emissions.
-Must be permanent, additional, and irreversible.

penalty for 
non-compliance

-Three allowances for each missing allowance.
-30-day notice before preemption over the next allocation.

Source: World Bank, Government of Québec.

 

year 2013 2014 2015 2016 2017 2018 2019 2020

allowance budget (million) 23.7 23.3 63.6 61 58.5 56 53.4 50.9

Cap (net pCr) 23.463 23.067 61.056 58.56 56.16 52.08 49.662 47.337
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Annex 6: China: targets and supporting measures 
under the Five-Year Plans

11th fyp (2006-2010) 12th fyp (2011-2015)

global goals Key 
indicators 

2010 targets 
(from 2005 
levels)

results supporting 
tools and 
measures

2015 target 
(from 2010 
levels)

additional sup-
porting tools 
and measures

existing 
pilot market 
initiatives

decreasing 
emissions 
of carbon 
and other 
pollutants 
with energy 
conservation 
and clean 
energy

energy 
consumption 
intensity

-20% -19.06% 
(-630 
million 
tce, 
-1.46 
billion 
tCo2e)

-elimination of 
backward produc-
tion capacity
-”Ten key energy 
Conservation 
projects”
-”Top-1000 
enterprises 
energy 
Conservation 
program”
-”energy-efficient 
products for the 
benefit of people”
-installation of 
flue-gas
desulfurization 
systems on coal 
plants
-energy 
Management 
Companies  
(esCos) 355

8.7 tce/thou-
sand yuan 
from 10.3 
(-16%)

Market 
mechanisms: 
-Voluntary 
market
-pilot eTs
-low carbon city 
plans
-energy 
Management 
Companies  
(esCos) 

existing 
initiatives are 
maintained or 
expanded in 
scope (e.g., Top 
1000 to 10,000 
enterprises), 
higher standards 
are set

-pilot en-
ergy efficiency 
scheme in Tianjin 
Municipality
-so2 trading in 
jiangsu

emissions 
of major 
pollutants

-10% so2 
(15.49 from 
22.95 million 
tons)
-10% Cod 
(12.73 from 
14.14 million 
tons)

-14.29% 
so2
-12.45% 
Cod

-8% so2
-8% Cod
-10% Nox
-10% Nh3

Co2 emis-
sion intensity 

New to 12th Fyp -17%

share of 
non-fossil 
fuels in pri-
mary energy 
consumption

up at 10% 
from 7.5%

8.3% (up 
3.1%)

-Feed-in tariffs
-indicative tariffs.
-”Mandated mar-
ket share” (similar 
to renewable 
portfolio 
standard)

No official 
target to date

Continuation 
of  the same 
supporting mea-
sures (higher 
standards)

None

increasing 
carbon 
sequestration

Forest cover up to 20% 
from 18.2%

20.36% 
(+25.29 
million 
ha)

-afforestation 
programs
-Forest 
conservation
-restoration of 
desertified lands

21.66% 
(+12.5 mil-
lion ha)

Continuation 
of  the same 
supporting 
measures

-panda standard 
(aFolu offset 
certification 
scheme)
-China green 
Carbon Fund 
by the state 
Forestry 
administration

Forest stock New to 12th Fyp 14.3  from 
13.7 billion m³

Source: World Bank, PRC State Council, NDRC.

 
355. Energy management companies, known as ESCOs, help industries identify and implement energy efficiency projects by bringing upfront finance 
for investments in new technologies or renovated equipment. Industries incur no net cash costs, as they reimburse ESCOs with regular payments 
from the cost savings made until their investment is recovered.
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356. Rules and procedures are available at www.bee-india.nic.in. 

Annex 7: India PAT: market design and 
governance elements 

comments

esTaBlishiNg 
legislaTioN

energy Conservation act 2001, modified by the energy Conservation 
amendment act 2010, article 14 (august 2010).

regulaTor Bureau of energy efficiency (Bee) of india’s Ministry of power, under 
supervisions of the Central electricity regulatory Commission.

adMiNisTraTor Bee.

CoVerage -selected dCs in 8 energy intensive sectors (478 dCs): Thermal power plants, 
iron & steel, Cement, Fertilizer, aluminum, Textile, pulp & paper, Chlor alkali. 
-possible sectoral extension in the second compliance periods.

CoMpliaNCe period -First paT cycle going from april 1, 2012 to March 31, 2015.
-Fulfillment of compliance obligations subsequent to first cycle termination.

BaseliNe -defined as the average total energy input per production unit over 2007-2010.
-all energy sources are considered and converted in metric ton of oil equivalent 
(MToe).

TargeT -specific energy consumption (seC) target assigned to each dC, in percentage 
of the baseline.
-overall reduction of 4.2%, equivalent to 6.6 million MToe.
-revision in each subsequent paT cycle.

MoNiToriNg aNd 
VeriFiCaTioN

-Based on a “Baseline energy audit” (Bea).
-performed by “designated energy auditors” (deNa) accredited by Bee.
-First Bea at the end of the first paT cycle (2014), possible annual Bea 
thereafter.

eNForCeMeNT penalty of 10 lakhs (us$20,000) in addition to the value of compliance.

TradiNg - esCert issued to any dC exceeding own seC target.
-Bilateral transactions or cleared through the two national power exchanges, i.e. 
power exchange india, india energy exchange.
-Market design elements (e.g., banking) under consideration.

MarkeT readiNess -Target setting by March 2012 (completed).
-rules and procedures completed.356 

-Trading infrastructures and rules to be announced soon (ongoing).

Source: World Bank, Bureau of Energy Efficiency.
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Annex 8: Assumptions for estimates of 
potential demand for offsets from non-
Annex I Countries

EU: Under the EU Climate and Energy Package, 
the EU commits to cut its GHG emissions by 
20 percent below 1990 levels, possibly tighten-
ing to 30 percent depending on developments in 
climate negotiations. For the EU ETS, this trans-
lates into further tightening of the cap from an 
average 6 percent below 2005 levels over 2008–
20 to 21 percent by 2020 (or more in the 30 
percent scenario), with a corresponding shortfall 
of about 2,500 MtCO2e over 2013–20 in the 20 
percent scenario (resp. 3,500 MtCO2e in the 30 
percent scenario).357  

The total amount of offsets that can be used over 
2008–20 is estimated at 1,700 MtCO2e in the 
20 percent scenario (2,200 MtCO2e in the 30 
percent scenario). On aggregate, the amount of 
offsets that can be surrendered during Phase III 
corresponds to the difference between the over-
all amount allowed over Phases II and III jointly 
minus what has been already surrendered during 
Phase II. The following qualitative restrictions 
apply with regard to the use of CERs/ERUs 
against Phase III obligations:

•	 CERs	from	project	activities	targeting	the	de-
struction of HFC-23 and N2O from adipic 
acid production are banned from the EU ETS. 
CP-1 offsets will still be allowed until the end 
of April 2013 against Phase II obligations.

•	 CP-1	offsets	(including	ERUs)	from	eligible	
project types can be banked and surrendered.

•	 Offsets	 generated	 post-2012	must	 come	 ei-
ther from a project registered before end of 

2012 or from a project based in an LDC if 
registered after 2013.

For non-ETS covered sectors, the Climate and 
Energy Package translates into cuts of 10 percent 
(or more) below 2005 levels by 2020. Offsets can 
be used to cover about one-third of the effort in 
the 20 percent scenario, estimated to represent 
about 800 MtCO2e over 2013–20. In the 30 
percent scenario, offsets can in principle be used 
to cover half of the additional effort, leading to 
a total demand of about 1,100 MtCO2e. No re-
striction applies so far to the use of offsets.

New Zealand: The NZ ETS continues to expand 
its coverage, with synthetic gases and waste join-
ing in 2013 and agriculture in 2015. The cap of 
the scheme is set in line with the country inter-
national commitment—to reduce emissions by 
10 percent below 1990 levels by 2020 or, if a 
comprehensive global agreement is reached, by 
20 percent. This could translate into a shortfall 
of 75 to 105 million tons over 2013–20, ac-
counting for a limited uptake of forestry.358  

Australia: Under Australia’s Carbon Price 
Mechanism (CPM), operators will be able to 
meet up to 50% of their compliance obligations 
with international offsets from 2015. If the cap is 
set in line with Australia’s target of 5 percent be-
low 2000 levels by 2020 (unconditional pledge 
under the Copenhagen Accord), the CPM par-
ticipants could therefore theoretically source 
almost 1 billion tCO2e overseas (maximum), 

357. This includes also aviation.  Source: Barclays Capital. Monthly Carbon Standard, April 11, 2011.
358. Source: own calculation based on New Zealand Fifth National Communication.
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i.e. up to 50% of their cumulative liability un-
der the CPM over 2015-2020.359 However, this 
figure disregards the costs of domestic abate-
ments in covered and non-covered sectors (i.e. 
Carbon Farming Initiative). Taking these into 
account, the Australian Government models that 
Australian businesses would source 348 MtCO2e 
of abatement overseas by 2020.360  

Japan: As plans for a mandatory ETS in Japan 
are delayed, one simply assumes here that off-
sets could be used up to 50 percent to fill the 
gap to the -25% conditional pledge. Accounting 
for sinks, this could correspond to a cumula-
tive demand for offsets of 540 MtCO2e over 
2013–2020.361 

Switzerland: As its main additional climate poli-
cies and measures, Switzerland implements an 
ETS similar in design to the EU ETS. This could 
result in a cumulative demand for offsets from 
covered entities over 2013–20 of 2.3 MtCO2e in 
the 20 percent scenario, reaching 4 MtCO2e in 
the 30 percent scenario.  In addition, a national 
law was passed in December 2011 and set for 
the country’s GHG emissions a 2020 target of 
20% below their level of 1990. Although no de-
cision was made as of the time of writing, law-
makers may allow the use international offsets, 
which would generate a demand of 10 million 

international offsets (see Box 7). Last year, we ac-
counted for a third source of demand for offsets 
stems from the obligation for producers and im-
porters of fossil fuels to offset 25–30 percent of 
CO2 emissions in the 20 percent scenario (gearing 
up to 40-45 percent in the 30 percent scenario). 
We estimated that this measure could generate 
a demand of 25 to 50 MtCO2e of international 
offsets.362 However, this measure was over-rules 
by the national law passed in December 2011, 
and this demand is restricted to domestic offsets.

Northern America: As of today, California is 
the only cap and trade program in Northern 
America to accept international credits. These 
are “Sector-Based Offset Credits” for which we 
estimate a demand of 94 MtCO2e maximum 
over 2013-2020 (see Section 6.3.2.1). Québec 
has yet to release its offset program as of the time 
of writing the report. May all the other three 
WCI partners, i.e. British Columbia, Manitoba, 
and Ontario start operating their own cap and 
trade in 2015, with similar international offsets 
provisions as California, a collective demand of 
roughly 200 MtCO2e international credits could 
be generated over 2013-2020 across the five 
WCI jurisdictions.363 Although RGGI is cur-
rently under review process, we do not expect it 
will generate demand for international offsets. 

359. Own calculation based on Department of Climate Change and Energy Efficiency, Australia’s emissions projections, 2010.
360. Source: Government of Australia, Treasury, Strong Growth, Low Pollution, Modeling a carbon price, update, 2011.
361. Assuming Japan’s emissions grow in line with projections by the U.S. DoE Energy Information Administration’s International Energy 
Outlook 2010 (High oil price case). Carbon sinks are maintained at 20 MtCO2e (that is, their planned use under the Kyoto Protocol), though 
they could decrease. Source:  Ministry of the Environment, Japan, National Greenhouse Gas Inventory Report of JAPAN, April 2012.
362. Own calculation based on Switzerland Fifth National Communication.
363. Own calculation based on GHG emissions projections of British Columbia, California, Manitoba, Ontario, and Québec.
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Methodology

In the State and Trends of the Carbon Market 
Report of 2011, the size of the global carbon 
market in 2010 derived from the growth rate 
between 2009 and 2010 of each market seg-
ment (for example, primary Certified Emission 
Reduction (CER), other project-based markets, 
Assigned Amount Units (AAUs), European 
Union Allowances (EUAs), and other allow-
ance markets), drawing on information obtained 
primarily from Thomson Reuters Point Carbon 
and Bloomberg New Energy Finance. The value 
of the voluntary transactions was obtained from 
data provided by Ecosystem Marketplace. Since 
the original information from Thomson Reuters 
Point Carbon and Bloomberg New Energy 
Finance was provided in Euros, the impact of the 
US$/Euro exchange rate in the same period was 
eliminated and the US$ results were applied to 
the values of each market segment, as calculated 
by the World Bank in 2009. When applicable, 
the unweighted average from the sources was 
used, although some adjustments were made as 
deemed appropriate.

Instead of using external data, however, in 2012 
the authors calculated the volumes and values for 
2010 (following the methodology described be-
low). The calculation resulted in higher volumes 
and values, particularly for EUA and secondary 
CER transactions. Instead of the global carbon 
market of US$142 billion reported in 2010, the 
revised calculations resulted in a global carbon 
market that is greater by about US$17 billion 
year on year (yoy). A higher value in the EUA 
market accounted for about US$14 billion, or 

80% of the difference. This year’s calculation also 
resulted in a secondary CER market greater by 
US$2 billion in 2010 yoy. The remaining differ-
ence is explained by the value of the post-2012 
CER transactions, not reported last year, which 
reached over US$1 billion in 2010.  

Monitoring the activity of the primary project 
market is a challenging task given the number of 
transactions and the diversity of participants. In 
addition, prices and contract structures are con-
fidential in an increasingly competitive market.  

The authors surveyed major carbon-industry 
publications364 and conducted approximately 
150 interviews with a broad range of market play-
ers: analysts and intelligence providers, project 
developers and aggregators, exchanges and trad-
ing platforms, financial institutions and brokers, 
regulators, managers of carbon purchasing funds 
and facilities, including public procurement pro-
grams and carbon portfolios of companies fac-
ing compliance obligations. This report focuses 
on regulatory compliance; therefore its coverage 
of the voluntary market is not exhaustive. The 
information on the voluntary market (includ-
ing pre-compliance activity in North America) 
has been kindly provided by Forest Trends-New 
Energy Finance and Ecosystem Marketplace.
 
Only signed ERPAs are included in the project-
based transaction database. Although they re-
ceived a high level of cooperation from market 
players during their research, the authors were 
not able to obtain comprehensive information 

364. Including online sources such as Carbon Finance (www.carbon-financeonline.com), Joint Implementation Quarterly (www.jiqweb.
org), Thomson Reuters Point Carbon (www.pointcarbon.com) as well as Carbon Positive (www.carbonpositive.net), CDC Climat 
Research (www.cdcclimat.com), IISD Reporting Services (www.iisd.ca), IDEAcarbon (www.ideacarbon.com), Forest Trends-Ecosystem 
Marketplace (www.ecosystemmarketplace.com), and Thomson Reuters, the CDM and JI pipeline databases and analyses maintained by 
UNEP Risoe, and IGES, and Web sites of market players (DNAs, DOEs, project developers and aggregators, exchanges and trading 
platforms, financial institutions and brokers, regulators, carbon purchasing funds and facilities, public procurement programs, and 
companies facing compliance obligations). One should also mention other resources, including reports prepared by financial institutions, 
such as analyses by Barclays Capital, Deutsche Bank, Orbeo, and Société Générale, that have been kindly made available to the authors.
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for all reported transactions. The authors are 
relatively confident that the database captures 
most transactions entered into by governments 
and a representative proportion of the activity of 
private-sector buyers in the primary market. In 
between the periodic reports in this series, the 
authors have occasionally become aware of un-
recorded transactions from previous years as well 
as of the cancelation or postponement of previ-
ously recorded transactions. Adjustments have 
been made in the database, explaining why data 
for former years may be slightly different from 
previous publications in this series.
  
Data for transactions on the so-called secondary 
Clean Development Mechanism (CDM) and 
Joint Implementation (JI) market, including spot 
transactions365 and forward transactions with de-
livery guarantees from a creditworthy seller (com-
monly financial institutions in Europe), were 
obtained from exchanges, clearing houses, and 
brokers.366 This is also the case for transactions 
of EUAs and derivatives.367 The authors have 
also obtained detailed information on transac-
tions conducted under Alberta, British Columbia, 
California, Chicago Climate Exchange (CCX), 
New Zealand Emissions Trading Scheme (NZ 
ETS), and the Regional Greenhouse Gas Initiative 
(RGGI), as well as aggregate information on trans-
actions under the New South Wales Greenhouse 
Gas Reduction Scheme (NSW GGAS).368 With 
regard to Removal Units (RMUs) and AAU 
transactions, several sources have been used and 
cross-checked: public announcements, interviews 
with some buyers and sellers, and examination of 
Kyoto Parties’ registries when possible.

To estimate the volume of “pure” bilateral trans-
actions of EUAs and CERs (i.e., those deals that 
are not closed through brokers or exchanges – 
including those cleared over the counter (OTC), 
the authors surveyed several market players. The 
answers varied depending on respondents (finan-
cials or naturals), with an average of 15% of vol-
umes transacted or cleared through exchanges. 
Taking into account all inputs, this coefficient is 
applied to volumes and values of spot and for-
ward transactions to compute the entire value of 
the EUA and secondary CER markets in 2010. 
In 2011, inputs led the authors to increase the 
percentage to 25% applied to spot volumes 
transacted or cleared through exchanges, for 
both EUA and secondary CER markets.

In consultation with several market players, the 
options market in this report was valued at to-
tal volumes times strike price, assuming that the 
bulk of transactions are at-the-money options 
where the strike price is similar to prevailing 
market prices.

Prices and values are primarily expressed in nomi-
nal US$ per tCO2e, unless indicated otherwise.369  
Average annual exchanges of €1 = US$1.327 for 
2010 and €1 = US$1.392 for 2011 were applied, 
unless data were available with a finer granular-
ity, in which case an average exchange rate over 
the period considered (e.g., Q1’11, June 2011) is 
applied. The cut-off date for information is April 
20, 2012. A ton (abbreviated as “t”) refers to a 
metric ton (1,000 kg). 

365. Some of these spot transactions relate to sales of issued CERs directly by project sponsors, either those who have chosen to 
develop their projects unilaterally or those who have been issued more CERs than they had sold through forward transactions. These 
spot transactions could arguably be considered to be primary transactions, although commercial conditions, including prices, are aligned 
with the secondary market. It is not possible, however, to extract those from the broader secondary market activity.
366. For 2010 and 2011, such exchanges, clearinghouses, and brokers were: BlueNext, Climex, Chicago Climate Futures Exchanges 
(CCFE), Energy Exchange Austria (EXAA), European Energy Exchange (EEX), Gestore del Mercato Elettrico (GME). Green Exchange, 
Green Market, LCH Clearnet, IntercontinentalExchange (ICE), London Energy Brokers Association (LEBA), and Nordpool. 
367. Data on EUA transactions in 2010 and 2011 (spot, futures, and options) were obtained from the following sources: BlueNext, 
Climex, Energy Exchange Austria (EXAA), European Energy Exchange (EEX), Gestore del Mercato Elettrico (GME). Green Exchange, 
Green Market, LCH Clearnet, IntercontinentalExchange (ICE), London Energy Brokers Association (LEBA), and Nordpool.
378. For Alberta, sources are Government of Alberta (volumes) and Karbone (prices). For British Columbia, the source is the Pacific Carbon 
Trust. For California, sources are ICE and Green Exchange (exchange-based volumes et prices), and Thomson Reuters Point Carbon (offset 
volumes and prices). For Chicago Climate Exchange (CCX), sources are CCX, CCFE, and ICE. For NZ ETS, sources are New Zealand 
Emission Unit Register (volumes of internal transfers) and Westpac (prices). For RGGI, data come from RGGI Inc., RGGI CO2 Allowance 
Tracking System, CCFE, ICE, Green Exchange. For NSW GGAS, data come from the Registry (volumes) as well as from Nextgen (prices).
369. Exchange rates from European Central Bank (www.ecb.int), and U.S Federal Reserve (www.federalreserve.gov).
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The report has written contributions kindly pro-
vided by Forest Trends-Ecosystem Marketplace 
(voluntary and pre-compliance activities), Air 
France (Aviation), Ministry of the Environment 
in Japan (Japan), Orbeo (EU ETS), Reed Smith 
(EU ETS), and Climate Cent (Switzerland).

In order to estimate the likely supply of pre-2013 
credits in the section 5, the authors applied a de-
livery cut to the nominal volumes contracted (i.e., 
a risk-adjusted supply). The delivery cut aims to 
reflect underdelivery caused by both regulatory 
and operational issues. In order to refine the es-
timate, the authors also adopted two different 
delivery cuts according to a project’s regulatory 
status, as projects in a more advanced stage of de-
velopment in the regulatory process have higher 
chances to have their credits issued before 2013.  

Based on the UNEP Risoe CDM Pipeline, the 
nominal volume of 2,17 billion CERs from reg-
istered projects should deliver about 1,13 billion 
tons by the end of 2012,370 or a 52% risk-ad-
justed rate. On the other hand, a much lower 
success rate of 6% is seen for projects at an earlier 
stage in the regulatory process.371 To date, the cu-
mulative nominal volume of credits contracted 
has reached 2.58 billion tons.  Applying the 6% 
risk-adjusted delivery over the 0.42 billion tons 
newly contracted and in early stage of develop-
ment (i.e., the difference between 2.58 billion 
and 2.17 billion), early-stage projects shall de-
liver 25 million tons. All in all, 1.15 billion tons 
shall become available for buyers until the end of 
2012 (i.e., 1.13 + 0.025).  

 

370. To date, 895 MtCO2e have been issued.
371. As of April 2012.
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Glossary

Accredited Independent Entity (AIE): Accredited 
independent entities (AIEs) are independent audi-
tors that assess whether a potential project meets 
all the eligibility requirements of the JI (deter-
mination) and whether the project has achieved 
greenhouse gas emission reductions (verification).
Additionality: A project activity is additional if 
anthropogenic GHG emissions are lower than 
those that would have occurred in the absence of 
the project activity.
Afforestation: The process of establishing and 
growing forests on bare or cultivated land that 
has not been forested in recent history. 
Annex I (Parties): The industrialized countries list-
ed in Annex I to the UNFCCC were committed 
to return their greenhouse gas emissions to 1990 
levels by 2000. They currently include Australia, 
Austria, Belarus, Belgium, Bulgaria, Canada, 
Croatia, Czech Republic, Denmark, Estonia, 
Finland, France, Germany, Greece, Hungary, 
Iceland, Ireland, Italy, Japan, Latvia, Liechtenstein, 
Lithuania, Luxembourg, Monaco, the Netherlands, 
New Zealand, Norway, Poland, Portugal, Romania, 
Russian Federation, Slovakia, Slovenia, Spain, 
Sweden, Switzerland, Turkey, Ukraine, the United 
Kingdom, and the United States, as well as the 
European Economic Community.  All but Turkey 
are listed in Annex B.
Annex B (Parties): The 39 industrialized 
countries (including the European Economic 
Community) listed in Annex B to the Kyoto 
Protocol have committed to country-specific 
targets that collectively reduce their GHG emis-
sions by at least 5.2 percent below 1990 levels on 
average over 2008–12.
Assigned Amount Unit (AAU): Annex I Parties 
are issued AAUs up to the level of their assigned 
amount, corresponding to the quantity of green-
house gases they can release in accordance with 
the Kyoto Protocol (Article 3), during the first 
commitment period of that protocol (2008–12). 

One AAU represents the right to emit one metric 
ton of carbon dioxide equivalent. 
Backwardation: A downward sloping forward 
curve (i.e., the price of the future is less than the 
spot price of underlying commodity).  Antonym: 
contango.
Banking or carry over: Compliance units under 
the various schemes to manage GHG emissions 
in existence may or may not be carried over from 
one commitment period to the next. Banking 
may encourage early action by mandated enti-
ties depending on their current situation and 
their anticipations of future carbon constraints. 
In addition, banking brings market continuity. 
Banking between Phase I and Phase II of the EU 
ETS is not allowed; it is allowed between Phase 
II and further Phases. Some restrictions on the 
amount of units that can be carried over may ap-
ply; for instance, EUAs may be banked with no 
restriction, while the amount of CERs that can 
be carried over by a Kyoto Party is limited to 2.5 
percent of the assigned amount of each party.
Baseline: The emission of greenhouse gases that 
would occur without the policy intervention or 
project activity under consideration.  
Biomass Fuel: Combustible fuel composed of a 
biological material (for example, wood or wood 
by-products, rice husks, or cow dung).  
California Global Warming Solution Act 
AB32 (AB32): The passage of Assembly Bill 32 
(California Global Warming Solution Act AB32) 
in August 2006 sets economy-wide GHG emis-
sions targets as follows: Bring down emissions to 
1990 levels by 2020 (considered to be at least a 25 
percent reduction below business-as-usual) and to 
80 percent of 1990 levels by 2050. Covering about 
85 percent of GHG emissions, a cap-and-trade 
scheme (still under design) would be a major in-
strument, along with renewable energy standards, 
energy efficiency standards for buildings and ap-
pliances as well as vehicle emissions standards.
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Cap and Trade: Cap-and-trade schemes set a de-
sired maximum ceiling for emissions (or cap) and 
let the market determine the price for keeping 
emissions within that cap. To comply with their 
emission targets at least cost, regulated entities 
can either opt for internal abatement measures or 
acquire allowances or emission reductions in the 
carbon market, depending on the relative costs 
of these options.  
Carbon Asset: The potential of greenhouse gas 
emission reductions that a project is able to gen-
erate and sell.  
Carbon Finance: Resources provided to activities 
generating (or expected to generate) greenhouse 
gas (or carbon) emission reductions through the 
transaction of such emission reductions.
Carbon Dioxide Equivalent (CO2e): The uni-
versal unit of measurement used to indicate 
the global warming potential of each of the six 
greenhouse gases regulated under the Kyoto 
Protocol. Carbon dioxide – a naturally occurring 
gas that is a by-product of burning fossil fuels 
and biomass, land-use changes, and other indus-
trial processes – is the reference gas against which 
the other greenhouse gases are measured, using 
their global warming potential.  
Certified Emission Reductions (CERs): A unit 
of greenhouse gas emission reductions issued 
pursuant to the Clean Development Mechanism 
of the Kyoto Protocol and measured in metric 
tons of carbon dioxide equivalent. One CER rep-
resents a reduction in greenhouse gas emissions 
of one metric ton of carbon dioxide equivalent.
Chicago Climate Exchange (CCX): Members to 
the Chicago Climate Exchange make a voluntary 
but legally binding commitment to reduce GHG 
emissions. By the end of Phase I (December 
2006), all members will have reduced direct 
emissions four percent below a baseline period 
of 1998-2001. Phase II, which extends the CCX 
reduction program through 2010, will require all 
members to ultimately reduce GHG emissions 
six percent below baseline. Among the members 
are companies from North America as well as 
municipalities, U.S. states, and universities. As 
new regional initiatives began to take shape in 

the U.S., membership in the CCX grew from 
127 members in January 2006 to 237 mem-
bers by the end of the year; new participants ex-
pressed their interest in familiarizing themselves 
with emissions trading.
Clean Development Mechanism (CDM): The 
mechanism provided by Article 12 of the Kyoto 
Protocol, designed to assist developing countries 
in achieving sustainable development by allow-
ing entities from Annex I Parties to participate in 
low-carbon projects and obtain CERs in return. 
Climate Action Reserve (CAR): The Climate 
Action Reserve is a U.S.-based offsets program 
that establishes regulatory quality standards for 
the development, quantification, and verifica-
tion of greenhouse gas (GHG) emission reduc-
tion projects in North America; issues carbon 
offset credits known as Climate Reserve Tons 
(CRT) generated from such projects; and tracks 
the transaction of credits over time in a transpar-
ent, publicly accessible system.
Community Independent Transaction Log 
(CITL): The Community Independent 
Transaction Log (CITL) conducts “supplemen-
tary checks” to those done by the ITL for trans-
actions involving registries of at least one EU 
member state, such as the issuance, transfer, can-
cellation, retirement, and banking of EUAs. 
Conference of Parties (COP): The supreme 
body of the Convention. It currently meets once 
a year to review the Convention’s progress. The 
word “conference” is not used here in the sense 
of “meeting” but rather of “association,” which 
explains the seemingly redundant expression 
“fourth session of the Conference of the Parties.”
Conference of the Parties serving as the Meeting 
of the Parties (CMP): The Convention’s supreme 
body is the COP, which serves as the meeting of 
the parties to the Kyoto Protocol. The sessions of 
the COP and the CMP are held during the same 
period to reduce costs and improve coordination 
between the Convention and the Protocol.  
Contango: A term used in the futures market to 
describe an upward sloping forward curve (i.e., 
futures prices are above spot prices). Antonym: 
backwardation.
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Crediting period: The crediting period is the 
duration of time during which a registered, de-
termined, or approved project can generate emis-
sion reductions. For CDM projects, the credit-
ing period can be either seven years (renewable 
twice) or ten years (non-renewable).
Designated Focal Point (DFP): Parties partici-
pating in the Joint Implementation (JI) mecha-
nism are required to nominate a Designated 
Focal Point (DFP) for approving projects.
Designated National Authority (DNA): An of-
fice, ministry, or other official entity appointed 
by a party to the Kyoto Protocol to review and 
give national approval to projects proposed un-
der the Clean Development Mechanism.  
Designated Operational Entities (DOEs): 
Designated operational entities are independent 
auditors that assess whether a potential proj-
ect meets all the eligibility requirements of the 
CDM (validation) and whether the project has 
achieved greenhouse gas emission reductions 
(verification and certification).
Determination: Determination is the process of 
evaluation by an independent entity accredited 
by the host country (JI Track 1) or by the Joint 
Implementation Supervisory Committee (JI 
Track 2) of whether a project and the ensuing re-
ductions of anthropogenic emissions by sources 
or enhancements of anthropogenic removals by 
sinks meet all applicable requirements of Article 
6 of the Kyoto Protocol and the JI guidelines.
Eligibility Requirements: There are six Eligibility 
Requirements for Participating in Emissions 
Trading (Article 17) for Annex I Parties. These 
are: (i) being a party to the Kyoto Protocol; (ii) 
having calculated and recorded one’s Assigned 
Amount; (iii) having in place a national system 
for inventory; (iv) having in place a national 
registry; (v) having submitted an annual inven-
tory and; and (vi) having submitted supplemen-
tary information on one’s Assigned Amount. An 
Annex I party will automatically become eligible 
after 16 months have elapsed since the submis-
sion of its report on calculation of its assigned 
amount. Then, this party and any entity having 
opened an account in the registry can participate 
in emissions trading. However, a party could 

lose its eligibility if the Enforcement Branch 
of the Compliance Committee has determined 
the party is noncompliant with the eligibility 
requirements.
Emission Reductions (ERs): The measurable re-
duction of release of greenhouse gases into the 
atmosphere from a specified activity, and a speci-
fied period of time.
Emission Reductions Purchase Agreement 
(ERPA): Agreement which governs the transac-
tion of emission reductions.  
Emission Reduction Units (ERUs): A unit of 
emission reductions issued pursuant to Joint 
Implementation. One ERU represents the 
right to emit one metric ton of carbon dioxide 
equivalent.  
Emissions Trading Scheme (ETS): See Cap and 
Trade.  
EU-10: Bulgaria, Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Romania, 
Slovakia, and Slovenia.
EU-15: Austria, Belgium, Denmark, Finland, 
France, Germany, Greece, Ireland, Italy, 
Luxembourg, Netherlands, Portugal, Spain, 
Sweden, and the United Kingdom.
European Union Allowances (EUAs): The al-
lowances in use under the EU ETS.  An EUA 
unit is equal to one metric ton of carbon dioxide 
equivalent.
European Union Emission Trading Scheme (EU 
ETS): The EU ETS was launched on January 
1, 2005, as a cornerstone of EU climate policy 
toward its Kyoto commitment and beyond. 
Through the EU ETS, member states allocate 
part of the efforts toward their Kyoto targets to 
domestic emission sources (mostly utilities). Over 
2008–2012, emissions from mandated instal-
lations (about 40 percent of EU emissions) are 
capped on average at 6 percent below 2005 levels. 
Participants can internally reduce emissions, pur-
chase EUAs, or acquire CERs and ERUs (within 
a 13.4 percent average limit of their allocation 
over 2008–12). The EU ETS will continue be-
yond 2012, with further cuts in emissions (by 
21 percent below 2005 levels in 2020 or more, 
depending on progress in reaching an ambitious 
international agreement on climate change).
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First Commitment Period: The five-year period, 
from 2008 to 2012, during which industrialized 
countries have committed to collectively reduce 
their greenhouse gas (or “carbon”) emissions by 
an average of 5.2 percent compared with 1990 
emissions under the Kyoto Protocol.
Green Investment Scheme (GIS): A voluntary 
mechanism through which proceeds from AAU 
transactions will contribute to contractually 
agreed environment- and climate-friendly proj-
ects and programs both by 2012 and beyond.  
Greenhouse Gases (GHGs): Both natural and 
anthropogenic, greenhouse gases trap heat in the 
Earth’s atmosphere, causing the greenhouse ef-
fect. Water vapor (H2O), carbon dioxide (CO2), 
nitrous oxide (N2O), methane (CH4), and 
ozone (O3) are the primary greenhouse gases. 
The emission of greenhouse gases through hu-
man activities (such as fossil fuel combustion 
or deforestation) and their accumulation in the 
atmosphere is responsible for an additional forc-
ing, contributing to climate change. The Kyoto 
Protocol regulates six GHGs: carbon dioxide 
(CO2), methane (CH4), and nitrous oxide (N20), 
hydrofluorocarbons (HFCs), perfluorocarbons 
(PFCs), and sulfur hexafluoride (SF6).  
Global Warming Potential (GWP): An index 
representing the combined effect of the differing 
times greenhouse gases remain in the atmosphere 
and their relative effectiveness in absorbing out-
going infrared radiation.  
Internal rate of return: The annual return that 
would make the present value of future cash flows 
from an investment (including its residual market 
value) equal the current market price of the invest-
ment. In other words, the discount rate at which 
an investment has zero net present value.  
International Transaction Log (ITL): The ITL 
links together the national registries and the 
CDM registry and is in charge of verifying the 
validity of transactions (issuance, transfer, and 
acquisition between registries, cancellation, ex-
piration, and replacement, retirement and car-
ryover).  It is the central piece of the emissions 
trading under the Kyoto Protocol.

Japan-Voluntary Emissions Trading Scheme 
(J-VETS): Under the J-VETS, companies re-
ceive subsidies to implement mitigation activi-
ties in line with voluntary commitments and can 
resort to emissions trading (including offsets) to 
meet their commitments with more flexibility. 
Though growing, its impact remains limited: 
over the first three years of the scheme, partici-
pants (288 companies) reduced their emissions 
by about one million tCO2e. The J-VETS has 
contributed to the development of an MRV sys-
tem, third-party verification system, and the reg-
istry system. The J-VETS has been incorporated 
into the Experimental Integrated ETS as one of 
the participating options.
Joint Implementation (JI): Mechanism provid-
ed by Article 6 of the Kyoto Protocol whereby 
entities from Annex I Parties may participate in 
low-carbon projects hosted in Annex I countries 
and obtain Emission Reduction Units in return.
Kyoto Mechanisms (KMs): The three flexibil-
ity mechanisms that may be used by Annex I 
Parties to the Kyoto Protocol to fulfill their com-
mitments. These are the Joint Implementation 
(JI, Article 6), Clean Development Mechanism 
(CDM, Article 12), and International Emissions 
Trading (Article 17).
Kyoto Protocol: Adopted at the Third 
Conference of the Parties to the United Nations 
Convention on Climate Change held in Kyoto, 
Japan, in December 1997, the Kyoto Protocol 
commits industrialized country signatories to 
collectively reduce their greenhouse gas emis-
sions by at least 5.2 percent below 1990 levels on 
average over 2008–2012 while developing coun-
tries can take no-regret actions and participate 
voluntarily in emission reductions and removal 
activities through the CDM. The Kyoto Protocol 
entered into force in February 2005.
Monitoring Plan: A set of requirements for 
monitoring and verification of emission reduc-
tions achieved by a project. 
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Nationally Appropriate Mitigation Actions 
(NAMAs): Refers to a set of mitigation poli-
cies and/or actions a developing country un-
dertakes aiming at reducing its GHG emissions 
and reports to UNFCCC on a voluntary basis. 
The concept of NAMAs emerged in 2007 un-
der the UNFCCC Bali Action Plan, which 
called for “[the implementation of ] Nationally 
Appropriate Mitigation Actions by developing 
country parties in the context of sustainable de-
velopment, supported and enabled by technolo-
gy, financing and capacity building, in a measur-
able, reportable and verifiable manner.” Through 
international negotiations within the UNFCCC, 
NAMAs have been steadily refined. The Cancun 
Agreement of last December achieved significant 
progress in the concept of NAMAs and, inter 
alia, set milestones for the development of a cen-
tral registry of NAMAs (including NAMAs seek-
ing international funding support) and guide-
lines for measuring, reporting, and verification. 
Definitions on these elements are expected by 
the end of this year.
National Allocation Plans (NAPs): The docu-
ments, established by each member state and 
reviewed by the European Commission, that 
specify the list of installations under the EU ETS 
and their absolute emissions caps, the amount of 
CERs and ERUs that may be used by these in-
stallations, as well as other features, such as the 
size of the new entrants reserve, the treatment of 
exiting installations, and the process of allocation 
(free allocation or auctioning).
New South Wales Greenhouse Gas Reduction 
Scheme (NSW GGAS): Operational since 
January 1, 2003 (to last at least until 2012), the 
NSW Greenhouse Gas Abatement Scheme aims 
at reducing GHG emissions from the power sec-
tor. NSW and ACT (since January 1, 2005) re-
tailers and large electricity customers have thus 
to comply with mandatory (intensity) targets 
for reducing or offsetting the emissions of GHG 
that arise from the production of electricity 
they supply or use. They can meet their targets 
by purchasing certificates (NSW Greenhouse 
Abatement Certificates or NGACs) that are gen-
erated through project activities. 

New Zealand Emissions Trading Scheme (NZ 
ETS): The NZ ETS will progressively regulate 
emissions of the six Kyoto gases in all sectors of 
the economy by 2015. Forestry has been covered 
since 2008; by July 1, 2010, stationary energy, 
industrial process, and liquid fossil fuel were 
phased in. The government recently announced, 
however, that full implementation could be de-
layed if adequate progress is not made in estab-
lishing similar regulations in other developed 
countries.
Offsets: Offsets designate the emission reduc-
tions from project-based activities that can be 
used to meet compliance or corporate citizenship 
objectives vis-à-vis greenhouse gas mitigation.
Primary transaction: A transaction between the 
original owner (or issuer) of the carbon asset and 
a buyer.  
Project Design Document (PDD): A central 
document of project-based mechanisms, the 
PDD notably describes the project activity (in-
cluding environmental impacts and stakeholders 
consultations), the baseline methodology and 
how the project is additional, and the monitor-
ing plan.  
Project Idea Note (PIN): A note prepared by a 
project proponent presenting briefly the project 
activity (for example, sector, location, financials, 
estimated amount of ERs, and so forth).  
REDD plus (REDD+): All activities that reduce 
emissions from deforestation and forest degrada-
tion and contribute to conservation, sustainable 
management of forests, and enhancement of for-
est carbon stocks.
Regional Greenhouse Gas Initiative (RGGI): 
Under RGGI, 10 Northeast and Mid-Atlantic 
states aim to reduce power sector CO2 emissions 
by 10% below 2009 levels in 2019. Within this 
ten-year phase, there are three shorter compli-
ance periods. During the first and second com-
pliance periods (2009–2011 and 2012–2014) 
the cap on about 225 installations is set at 171 
MtCO2e (or 188 M short ton CO2e). This is fol-
lowed by a 2.5% per year decrease in the cap dur-
ing the third compliance period (2015–18).  
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Reforestation: This process increases the capac-
ity of the land to sequester carbon by replanting 
forest biomass in areas where forests have been 
previously harvested.
Registration: The formal acceptance by the 
CDM Executive Board of a validated project as a 
CDM project activity.  
Removal Unit (RMU): RMUs are issued by par-
ties to the Kyoto Protocol in respect of net re-
movals by sinks from activities covered by Article 
3(3) and Article 3(4) of the Kyoto Protocol.
Secondary transaction: A transaction where the 
seller is not the original owner (or issuer) of the 
carbon asset.  
Supplementarity: Following the Marrakesh 
Accords, the use of the Kyoto mechanisms shall 
be supplemental to domestic action, which shall 
thus constitute a significant element of the effort 
made by each party to meet its commitment un-
der the Kyoto Protocol. There is no quantitative 
limit, however, to the utilization of such mecha-
nisms. While assessing the NAPs, the European 
Commission considered that the use of CDM 
and JI offsets could not exceeded 50% of the ef-
fort by each member state to achieve its com-
mitment. Supplementarity limits may thus affect 
demand for some categories of offsets.
United Nations Framework Convention on 
Climate Change (UNFCCC): The international 
legal framework adopted in June 1992 at the Rio 
Earth Summit to address climate change. It com-
mits the parties to the UNFCCC to stabilize hu-
man induced greenhouse gas emissions at levels 
that would prevent dangerous manmade inter-
ference with the climate system, following “com-
mon but differentiated responsibilities” based on 
“respective capabilities.”

Validation: Validation is the process of inde-
pendent evaluation of a project activity by a 
Designated Operational Entity (DOE) against 
the requirements of the CDM. The CDM re-
quirements include the CDM modalities and 
procedures and subsequent decisions by the 
CMP and documents released by the CDM 
Executive Board.
Verified Emission Reductions (VERs): A unit 
of greenhouse gas emission reductions that has 
been verified by an independent auditor. Most 
often, this designates emission reductions units 
that are traded on the voluntary market.
Verification: Verification is the review and ex-
post determination by an independent third 
party of the monitored reductions in emissions 
generated by a registered CDM project, a deter-
mined JI project (or a project approved under 
another standard) during the verification period.
Voluntary market: The voluntary market caters 
to the needs of those entities that voluntarily de-
cide to reduce their carbon footprint using off-
sets. The regulatory vacuum in some countries 
and the anticipation of imminent legislation on 
GHG emissions also motivates some pre-com-
pliance activity.
Western Climate Initiative (WCI): The WCI 
covers a group of seven U.S. states (Arizona, 
California, Montana, New Mexico, Oregon, 
Utah, and Washington) and four Canadian prov-
inces (British Columbia, Manitoba, Ontario, 
and Quebec), with an aggregate emissions target 
of 15% below 2005 levels by 2020. Other U.S. 
and Mexican states and Canadian provinces have 
joined as observers.



notes



1818 H Street, NW

WaSHiNgtoN, DC 20433 USa

www.carbonfinance.org



Best Management Practices
for Reclaiming Surface Mines

in Washington and Oregon

by David K. Norman,
Peter J. Wampler,

Allen H. Throop,
E. Frank Schnitzer,

and Jaretta M. Roloff

WASHINGTON

DIVISION OF GEOLOGY

AND EARTH RESOURCES

Open File Report 96-2

also released as

OREGON

DEPARTMENT OF GEOLOGY

AND MINERAL INDUSTRIES

Open-File Report O-96-2

Revised Edition
December 1997

OREGON DEPARTMENT OF
GEOLOGY AND MINERAL INDUSTRIES

Donald A. Hull - State Geologist





Best Management Practices for
Reclaiming Surface Mines

in Washington and Oregon

by David K. Norman,
Peter J. Wampler,

Allen H. Throop,
E. Frank Schnitzer,

and Jaretta M. Roloff

WASHINGTON

DIVISION OF GEOLOGY

AND EARTH RESOURCES

Open File Report 96-2

also released as

OREGON

DEPARTMENT OF GEOLOGY

AND MINERAL INDUSTRIES

Open-File Report O-96-2

Revised Edition
December 1997

OREGON DEPARTMENT OF
GEOLOGY AND MINERAL INDUSTRIES

Donald A. Hull - State Geologist



DISCLAIMER

The thoughts and ideas expressed in this publication are intended

to further research and discussion in this field. The State of

Washington, Department of Natural Resources, and The State of

Oregon, Department of Geology and Mineral Industries, make no

express or implied warranty concerning the thoughts and ideas

expressed herein, should they fail to work as planned if utilized.

Further, The State of Washington, Department of Natural

Resources, and The State of Oregon, Department of Geology and

Mineral Industries, make no warranty that the thoughts and ideas

expressed herein are adequate for the reader’s purposes in general

or for the reader’s compliance with local, state, or federal laws

concerning surface mining. Any use of trade, product, or firm

names is for descriptive purposes only and does not imply

endorsement by the governments of Washington and Oregon.

WASHINGTON DEPARTMENT OF NATURAL RESOURCES

Jennifer M. Belcher—Commissioner of Public Lands

DIVISION OF GEOLOGY AND EARTH RESOURCES

Raymond Lasmanis—State Geologist

J. Eric Schuster—Assistant State Geologist

William S. Lingley, Jr.—Assistant State Geologist

OREGON DEPARTMENT OF GEOLOGY
AND MINERAL INDUSTRIES

Donald A. Hull—State Geologist

John D. Beaulieu—Deputy State Geologist

This report is available from:

Publications

Washington Department of Natural Resources

Division of Geology and Earth Resources

P.O. Box 47007

Olympia, WA 98504-7007

Phone: 360-902-1450

Fax: 360-902-1785

or from:

The Nature of the Northwest Information Center

800 NE Oregon Street # 5, Suite 177

Portland, OR 97232-2162

Phone: 503-872-2750

Fax: 503-731-4066

Front Cover: A reclaimed quarry in mountainous terrain. Naturally

hazardous conditions (cliffs) are present in the immediate area.

Chutes, spurs, scree slopes, and soil on the scree have created a

natural appearance. Trees now grow on the slope where soil is

located and complete the reclamation. The site will be used for

forestry in the future. Note the person midslope for scale. Photo

by M. A. Shawver.

Printed on recycled paper

Printed in the United States of America



Contents

CHAPTER 1. MAPS AS MANAGEMENT TOOLS
Page

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1

TYPES OF MAPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1

MAP SIZES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1

BASIC ELEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2

Map scale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2

Graphic scales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2

North arrow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2

Explanation block . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2

Title block . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2

TOPOGRAPHIC CONTOURS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3

BOUNDARIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3

Permit area boundary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3

Mining boundaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3

Boundaries of cities and counties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3

Property lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3

OTHER COMMON MAP ELEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4

Existing watercourses, ponds, and wetlands. . . . . . . . . . . . . . . . . . . . . . . 1.4

Processing plant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4

Haul roads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4

Soil and overburden stockpiles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4

Product stockpiles and waste-rock dumps . . . . . . . . . . . . . . . . . . . . . . . . 1.4

Interim watercourses and ponds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4

Typical cross sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5

SITE ACCESS MAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5

PRE-MINING TOPOGRAPHIC MAP . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.6

RECLAMATION SEQUENCE MAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.7

FINAL RECLAMATION MAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.8

GEOLOGIC MAP. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.10

MAP UPDATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.10

REFERENCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.10

iii



CHAPTER 2. STORM-WATER AND EROSION CONTROL
Page

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.1

MAINTENANCE AND EMPLOYEE INVOLVEMENT . . . . . . . . . . . . . . . . . 2.1

EROSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.2

STORM-WATER REGULATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.3

TURBIDITY AND SUSPENDED SEDIMENT. . . . . . . . . . . . . . . . . . . . . . . 2.3

Turbidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.3

Suspended sediment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.4

EROSION CONTROL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.4

Controlling raindrop erosion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5

Controlling surface runoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5

STORM-WATER DIVERSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.6

PASSIVE STORM-WATER CONTROL. . . . . . . . . . . . . . . . . . . . . . . . . . . 2.6

SEDIMENT CONTROL ON THE MINE SITE . . . . . . . . . . . . . . . . . . . . . . 2.9

STORM-WATER AND EROSION-CONTROL STRUCTURES . . . . . . . . . . . . 2.12

Conveyance channels and ditches . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.12

Slash windrows and brush sediment barriers . . . . . . . . . . . . . . . . . . . . . 2.12

Straw bales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.13

Bio bags . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.14

Burlap bags filled with drain rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.15

Silt fences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.15

Erosion-control blankets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.15

Vegetation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.16

Contour and diversion ditches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.17

Rock and log check dams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.18

Concrete check dams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.19

Filter berm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.19

Trench subdrains and French drains . . . . . . . . . . . . . . . . . . . . . . . . . . 2.20

Infiltration galleries and dry wells . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.20

Wheel washes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.21

STORM-WATER SETTLING PONDS . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.21

Configuration, location, and size . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.22

Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.24

Drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.24

STORM-WATER TREATMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.25

Land application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.25

Flocculants. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.26

Water clarifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.26

Oil separators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.27

STREAM BUFFERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.27

STREAM DIVERSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.28

Perennial or permanent streams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.28

Intermittent or ephemeral streams. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.28

REFERENCES CITED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.29

iv



CHAPTER 3. OPERATION AND RECLAMATION STRATEGIES
Page

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.1

POST-MINING RECLAMATION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.1

INTERIM RECLAMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.1

CONCURRENT OR PROGRESSIVE RECLAMATION. . . . . . . . . . . . . . . . . 3.2

SEGMENTAL RECLAMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.3

MINING TO RECLAIM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.4

SITE PREPARATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.4

Permit and disturbed area boundaries . . . . . . . . . . . . . . . . . . . . . . . . . . 3.4

Permanent setbacks or buffers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.4

Reclamation setbacks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.5

Setbacks to protect streams and flood plains. . . . . . . . . . . . . . . . . . . . . . . 3.5

Conservation setbacks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.6

Topsoil and overburden storage areas . . . . . . . . . . . . . . . . . . . . . . . . . . 3.6

VISUAL AND NOISE SCREENS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.6

How noisy is it?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.9

Noise-control methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.9

Visual screens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.9

REMOVING VEGETATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.9

Disposing of vegetation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.9

Transplanting vegetation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.9

Using vegetation for habitat. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.10

THE SOIL RESOURCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.10

Soil development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.11

Soil fertility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.11

Soil types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.12

Soil inventories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.12

REMOVING AND STORING TOPSOIL AND SUBSOILS . . . . . . . . . . . . . . 3.13

Live topsoiling. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.13

Stripping and salvage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.14

Constructing storage piles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.15

WASTE AND OVERBURDEN DUMPS AND STOCKPILES . . . . . . . . . . . . . 3.15

Site selection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.15

Site preparation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.15

Dump and stockpile construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.16

DUST CONTROL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.17

Controlling dust with water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.17

Controlling dust with chemicals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.17

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.17

v



CHAPTER 4. RESTORING LANDFORMS
Page

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.1

SUBSEQUENT USE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.1

SLOPE TYPES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.2

CREATING SLOPES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.2

REGRADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.4

REPLACING TOPSOIL AND SUBSOIL . . . . . . . . . . . . . . . . . . . . . . . . . . 4.5

AMENDING OR MANUFACTURING SOIL . . . . . . . . . . . . . . . . . . . . . . . 4.6

Adding organic matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.6

Improving moisture-holding capacity . . . . . . . . . . . . . . . . . . . . . . . . . . 4.6

Improving drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.6

Using fertilizers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.7

RESTORING DRAINAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.8

CREATING PONDS FOR WILDLIFE . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.8

In-water slopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.9

Special considerations near rivers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.10

BUILDING HABITAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.11

Islands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.11

Structures that enhance habitat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.12

Off-channel ponds for salmon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.13

Outlet channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.14

FORMING WETLANDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.15

Soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.15

Hydrology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.15

Vegetation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.15

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.16

CHAPTER 5. RECLAMATION TECHNIQUES FOR QUARRIES
Page

HIGHWALL AND BENCH RECLAMATION . . . . . . . . . . . . . . . . . . . . . . . 5.1

RECLAMATION BLASTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.2

Highwalls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.2

Benches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.3

MINIMIZING OFFSITE IMPACTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.3

Causes of damage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.3

Vibration effects under various conditions . . . . . . . . . . . . . . . . . . . . . . . 5.4

Pre-blast survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.4

Use and placement of vibration-measuring equipment . . . . . . . . . . . . . . . . 5.4

Blasting plans and logs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5

BACKFILLING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5

Fill materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5

Fill slopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.6

DRAINING PIT FLOORS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.6

Blasting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.6

Ripping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.7

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.7

vi



CHAPTER 6. LANDSLIDES AND SLOPE FAILURES
Page

TYPES OF SLOPE FAILURES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.1

Rockfalls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.1

Slides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.1

Earthflows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.2

Slumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.2

Soil creep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.2

Raveling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.2

ANATOMY OF A LANDSLIDE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.2

IDENTIFYING UNSTABLE SLOPE CONDITIONS . . . . . . . . . . . . . . . . . . . 6.3

Tension cracks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.3

Hummocky ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.4

Displaced and distorted trees. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.4

Springs and seeps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.4

Scarps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.4

Toe bulge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.5

SURFACE DRAINAGE CONTROL IN UNSTABLE AREAS . . . . . . . . . . . . . . 6.5

SLOPE STABILIZATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.6

SLOPE FAILURES ABOVE THE MINE . . . . . . . . . . . . . . . . . . . . . . . . . . 6.7

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.7

CHAPTER 7. REVEGETATION
Page

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.1

SPECIAL PROBLEMS AT MINE SITES . . . . . . . . . . . . . . . . . . . . . . . . . . 7.2

SUCCESSFUL REVEGETATION STRATEGIES . . . . . . . . . . . . . . . . . . . . 7.3

CLASSES OF VEGETATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.4

Grasses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.4

Forbs and shrubs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.4

Trees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.4

SELECTING PLANTS FOR A SITE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.4

Grasses and legumes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.5

Forbs and shrubs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.5

Trees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.6

SOWING SEEDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.6

Seed drills . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.7

Broadcast seeding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.7

Hydroseeding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.7

Seedbed preparation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.7

Mulching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.8

TRANSPLANTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.9

Planting times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.9

Planting techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.9

Tools required . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.11

vii



PROPAGATING FROM CUTTINGS . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.11

Determining cutting length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.11

Collecting cuttings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.11

Storing cuttings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.12

Planting cuttings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.12

BIOTECHNICAL STABILIZATION . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.13

Brush layering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.13

Contour wattling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.15

RIPARIAN AND WETLAND AREAS . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.16

Ecological functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.16

Plant selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.16

AGRICULTURAL AND FORESTRY SUBSEQUENT USES . . . . . . . . . . . . . 7.17

Topsoil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.17

Factors to consider . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.17

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.17

FIGURES

Figure 1.1. Site access map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5

Figure 1.2. Pre-mining topographic map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.6

Figure 1.3. Reclamation sequence map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.7

Figure 1.4. Final reclamation map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.9

Figure 1.5. Cross sections for the final reclamation plan . . . . . . . . . . . . . . . . . . . . . 1.9

Figure 2.1. Diagram showing factors that affect the rate of erosion . . . . . . . . . . . . . . . 2.2

Figure 2.2. Diagrammatic sketch showing the topography

created by different types of erosion . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.3

Figure 2.3. Diagram of small, discontinuous terraces, berms, and furrows

that can effectively slow runoff and decrease sediment transport . . . . . . . . . 2.5

Figure 2.4. Diagram showing benching and terracing of

unconsolidated material to control runoff . . . . . . . . . . . . . . . . . . . . . . . 2.5

Figure 2.5. Diagram showing diversion of streams and

overland flow around the mining site . . . . . . . . . . . . . . . . . . . . . . . . . . 2.6

Figure 2.6. Diagrams showing berms and ditches diverting

runoff to a collection sump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.6

Figure 2.7. Diagrammatic sketch of a water bar or cross-ditch . . . . . . . . . . . . . . . . . . 2.7

Figure 2.8. Profiles of elevated haul roads with drainage ditches on the sides. . . . . . . . . . 2.8

Figure 2.9. Sketch of a slope that allows water to drain toward the highwall . . . . . . . . . . 2.8

Figure 2.10. Map and cross section of storm-water control at an

upland processing area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.10

Figure 2.11. Map of a storm-water control system at a quarry site . . . . . . . . . . . . . . . . 2.11

Figure 2.12. Diagram of a rock-lined diversion ditch. . . . . . . . . . . . . . . . . . . . . . . . 2.12

Figure 2.13. Diagram of a slash windrow filter . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.13

Figure 2.14. Diagrammatic sketch of a brush sediment-barrier . . . . . . . . . . . . . . . . . 2.13

Figure 2.15. Diagrammatic sketch of a straw-bale sediment barrier . . . . . . . . . . . . . . . 2.14

Figure 2.16. Diagrammatic sketch of a straw-bale barrier

with a gravel check dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.14

Figure 2.17. Diagram of a filter-fabric silt fence . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.15

Figure 2.18. Diagrammatic sketch showing erosion blanket installation . . . . . . . . . . . . . 2.16

Figure 2.19. Diagrammatic sketch showing the effect of

vegetation on storm-water runoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.17

Figure 2.20. Diagram of contour ditches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.17

Figure 2.21. Diagram of a diversion ditch upslope from an overburden pile . . . . . . . . . . 2.18

viii



Figure 2.22. Diagram of a rock check dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.18

Figure 2.23. Diagram of a log check dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.19

Figure 2.24. Diagram of a concrete check dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.19

Figure 2.25. Idealized filter-berm cross section . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.19

Figure 2.26. Diagram of a trench subdrain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.20

Figure 2.27. Diagram of an infiltration gallery . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.20

Figure 2.28. Diagram of a wheel wash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.21

Figure 2.29. Diagram of details of settling pond construction. . . . . . . . . . . . . . . . . . . 2.22

Figure 2.30. Diagram of details of retention pond design . . . . . . . . . . . . . . . . . . . . . 2.22

Figure 2.31. Diagrammatic sketch of a standpipe with an

antiseep collar set through a berm . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.24

Figure 2.32. Diagram of a land application system for storm water . . . . . . . . . . . . . . . 2.25

Figure 2.33. Diagram of two different types of oil/water separators . . . . . . . . . . . . . . . 2.27

Figure 3.1. Diagram of a mine site showing center-outward excavation . . . . . . . . . . . . . 3.1

Figure 3.2. Diagrammatic sketch showing concurrent and progressive

extraction and reclamation of a shallow dry pit . . . . . . . . . . . . . . . . . . . . 3.2

Figure 3.3. Diagram of a segmental reclamation plan with four segments

showing segment size and direction of working . . . . . . . . . . . . . . . . . . . . 3.3

Figure 3.4. Sketch showing buffer strips of native vegetation . . . . . . . . . . . . . . . . . . . 3.5

Figure 3.5. Map showing visual and noise screening at a quarry site . . . . . . . . . . . . . . . 3.6

Figure 3.6 Map showing visual and noise screening at a processing area . . . . . . . . . . . . 3.7

Figure 3.7. Graph of noise levels and human response

for some common noise sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.8

Figure 3.8. Diagrammatic sketch of soil profile development over time . . . . . . . . . . . . 3.10

Figure 3.9. Diagrammatic sketch of the residual soil profile that

develops over time on a bedrock surface. . . . . . . . . . . . . . . . . . . . . . . . 3.11

Figure 3.10. Diagram of topsoil handling in a four-segment mine . . . . . . . . . . . . . . . . 3.14

Figure 3.11. Diagram of proper procedure for waste-dump construction . . . . . . . . . . . . 3.16

Figure 4.1. Diagrammatic sketch showing how the steepness of the

final slope influences the intensity of proposed land use . . . . . . . . . . . . . . . 4.1

Figure 4.2. Profile and plan view of common slope types . . . . . . . . . . . . . . . . . . . . . 4.2

Figure 4.3. Sketch showing how to blend mine slopes with pre-existing terrain. . . . . . . . . 4.3

Figure 4.4. Diagram showing common slope ratios . . . . . . . . . . . . . . . . . . . . . . . . . 4.3

Figure 4.5. Sketch showing dozer tracking to reduce runoff . . . . . . . . . . . . . . . . . . . 4.4

Figure 4.6. Plan views of pond shorelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.8

Figure 4.7. Plan view and cross section of a well-designed irregular wetland . . . . . . . . . . 4.9

Figure 4.8. Diagrammatic sketch showing how slope variations affect habitat . . . . . . . . . 4.9

Figure 4.9. Diagrammatic sketches showing how islands can be developed

in an undrained pit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.10

Figure 4.10. Plan view and cross section of a reclaimed gravel pit . . . . . . . . . . . . . . . . 4.11

Figure 4.11. Plan view and cross section of horseshoe island construction . . . . . . . . . . . . 4.12

Figure 4.12. Sketch of a submerged tree crown, anchored top and bottom . . . . . . . . . . . 4.12

Figure 4.13. Sketch of a submerged crib structure that provides habitat . . . . . . . . . . . . 4.13

Figure 4.14. Sketch of rock piles that provide homes for small mammals . . . . . . . . . . . . 4.13

Figure 4.15. Sketch of typical nesting boxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.13

Figure 4.16. Sketch of a snag left as a nesting site for cavity-dwelling birds. . . . . . . . . . . 4.14

Figure 5.1. Diagram showing reclamation blasting to create scree slopes . . . . . . . . . . . . 5.2

Figure 5.2. Sketch showing proper blasting of highwalls to leave rough surfaces

that can provide nesting and perching habitat for birds . . . . . . . . . . . . . . . 5.2

Figure 5.3. Diagram showing conceptual blasting patterns for

obliterating quarry benches. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.3

Figure 5.4. Diagram showing topsoil placed on benches and on a fractured

quarry floor to prepare a site for revegetation . . . . . . . . . . . . . . . . . . . . . 5.4

Figure 5.5. Diagram showing quarry slopes that are backfilled and

compacted so that the final slope is stable . . . . . . . . . . . . . . . . . . . . . . . 5.5

ix



Figure 5.6. Sketch of ripping or decompaction of pit floors with rippers

mounted on heavy equipment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.6

Figure 6.1. Diagrammatic sketch of a rockfall. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.1

Figure 6.2. Diagrammatic sketch of a complex slide called a slump-earthflow. . . . . . . . . . 6.2

Figure 6.3. Diagrammatic sketch of soil creep. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.3

Figure 6.4. Diagram of structural features of slumps and the effect of

cutting and filling on the stability of short slopes. . . . . . . . . . . . . . . . . . . . 6.4

Figure 6.5. Diagram of forces acting on slide masses and large stockpiles. . . . . . . . . . . . 6.5

Figure 6.6. Diagram of toe, blanket, and chimney drains. . . . . . . . . . . . . . . . . . . . . . 6.6

Figure 7.1. Diagrammatic sketch of sequence from pioneer to climax vegetation. . . . . . . . 7.1

Figure 7.2. Cross section of seed germination. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.8

Figure 7.3. Diagram of the steps in transplanting bareroot or container plants. . . . . . . . 7.10

Figure 7.4. Diagram of transplanted seedlings on a slope. . . . . . . . . . . . . . . . . . . . . 7.11

Figure 7.5. Diagram of steps in propagation by cuttings.. . . . . . . . . . . . . . . . . . . . . 7.12

Figure 7.6. Diagram of brush layering in trenches. . . . . . . . . . . . . . . . . . . . . . . . . 7.14

Figure 7.7. Diagram of brush layering of live plant materials on fill. . . . . . . . . . . . . . . 7.14

Figure 7.8. Diagram of wattle construction and placement. . . . . . . . . . . . . . . . . . . . 7.15

TABLES

Table 3.1. Summary of noise measurements and projected noise levels in decibels. . . . . . . 3.8

Table 4.1. Nitrogen and carbon content of common organic soil amendments. . . . . . . . . . 4.7

Table 7.1. A partial listing of appropriate native plants suitable for

erosion control and slope stabilization. . . . . . . . . . . . . . . . . . . . . . . . . . 7.19

Table 7.2. Plant selection guide for legumes, except for lupines—

Species characteristics, adaptations, and seeding rates. . . . . . . . . . . . . . . . . 7.22

Table 7.3. Plant selection guide for lupines—Species characteristics,

adaptations, and seeding rates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.23

Table 7.4. Plants for special-use situations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.24

x



xi

Preface

The term best management practices (BMPs) has generally been

used to describe mechanical means of minimizing or eliminating

water-quality problems. The BMPs presented here, however, apply

as well to reclamation, planning, and specific methodologies to pro-

mote an integrated approach to mining. The techniques and guid-

ance provided in this manual should not be construed as rules or

laws, but merely the most effective and economical reclamation and

mining practices known to Oregon Department of Geology and Min-

eral Industries (DOGAMI) and the Washington Department of Natu-

ral Resources (DNR) at the present time.

This manual provides information about planning the mine from

start-up to final reclamation, incorporating water and erosion con-

trol during operation and reclamation, soil salvage and replacement,

land shaping, and revegetation.

This manual was compiled and written by DOGAMI and DNR

to provide technical information and guidance to landowners, land-

use planners, and mine operators. We urge miners to use this manual

as a resource in developing an environmentally and financially

sound mine. However, while this manual is a broad overview of

mine reclamation and development and other BMPs, it is not a com-

prehensive document, nor should it necessarily be considered the fi-

nal word. Mining and reclamation will continue to evolve and im-

prove. Locking in on technique or even just one BMP can be danger-

ous. Miners should consider the range of BMPs discussed here

before selecting one to the exclusion of others.

Reclamation of mines, especially large mines, is a complex mul-

tidisciplinary undertaking and goes far beyond this document.

Trained professionals such as agronomists, biologists, engineers,

geologists, hydrogeologists, landscape architects, planners, and soil

scientists can be helpful in planning and completing a mining proj-

ect.

Implementation of BMPs is in everyone’s best interest. For

mine operators, using BMPs can result in more efficient and profit-

able mining. For society, BMPs can mean cleaner, more usable, and

aesthetically pleasing lands. Effective reclamation as the final BMP

at a site can reduce water pollution and loss of topsoil, provide fish

and wildlife habitat, and allow timber production, agriculture, and

other uses to be re-established.

Funding This project was partially funded by U.S. Environmental Protection

Agency grant X000798-01-0 as means of transferring technical in-

formation regarding mine regulation and environmental issues. The

original grant was an agreement between Idaho, Oregon, and Wash-

ington in 1993 and has been referred to as the Tri-State agreement

for mining. BMPs for mining already exist in Idaho and helped pro-
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vide the impetus for Oregon and Washington to generate this BMP

guidance.

Future Work This second edition of the Best Management Practices manual incor-

porates the suggestions of many of our readers, including several

new diagrams and topics. The manual continues to be a work in prog-

ress, improving through field experience and the feedback we re-

ceive from people using the manual. We would appreciate any com-

ments, particularly on places where we have given too much or too

little information. Comments should be directed to the authors.
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Maps as Management Tools

INTRODUCTION Preparing accurate maps of the mining property and its surroundings

is a key step in developing a surface mining operation. Maps allow

geographic information to be summarized in a compact form. Their

primary purpose is to describe geographic features and the spatial

relations of these features. Maps benefit the operator by clearly de-

fining the area in which mining is permitted, and they assist in long-

range planning for both efficient use of the mine resource and timely

reclamation.

TYPES OF MAPS Surface mining regulations in both Washington and Oregon require

that maps be submitted before mining permits are issued. To meet

regulatory requirements, maps must provide sufficient detail to

characterize the site. Types of maps that may be required for permit

applications are:

� A site access map showing the regional setting of the site and

how to get there from the nearest town.

� A pre-mining topographic map establishing the location and

setting of the mine site as it exists before mining.

� A geologic map giving a detailed description of the geologic

setting and the type of deposit to be mined (required only if

specifically requested).

� A reclamation sequence map showing the borders and sequence

of segments to be mined and reclaimed, including the directions

in which soils will be moved during salvage and replacement,

and the location of storage areas and other mine-related

features.

� A final reclamation map and at least two intersecting

cross sections showing the mine site as it will appear after

reclamation and revegetation.

� A revegetation map showing the location and types of plants

used for revegetation. (This may be combined with the final

reclamation map if the information will not obscure contours.)

MAP SIZES The map size preferred for review is 11 x 17 inches, which is easy to

photocopy and store. If maps are small, they may be grouped on a

single sheet of paper. If the maps submitted are larger than 11 x 17

inches or if they are in color, seven or more copies must be provided.

The copies will be forwarded to other reviewing agencies.

Because 11 x 17 inches is generally not practical for internal

working purposes, draft and working copies may be larger. For ex-

ample, some larger mines may require a scale of 1� = 200� or 1� �

���� and thus large sheets. Draft and working copies may be reduced

on a photocopier for submission. Make sure the map scale reflects

any reduction.
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BASIC ELEMENTS Basic elements required on every map are the:

� map scale, both written

out as a ratio and shown

graphically as a bar or

rake scale

Map Scale Every map, regardless of the size of the site, should include a scale

that indicates the relationship between the size of features on the

map and the size of the same features on the ground. Most scales are

represented by stating that 1 inch on the map represents a certain

number of inches, feet, or miles on the ground. For example, 1� =

200� means that 1 inch on the map represents 200 feet on the ground.

The scale that best represents a site will depend on the detail re-

quired and the size of the site, and the level of detail depends on the

size and complexity of the mine. A map of a 50-acre rock quarry near

a stream will normally require greater detail than a map of a 5-acre

upland gravel extraction site. For some proposals, it may be accept-

able to give only an approximate scale.

Site size Suggested Map scale

3–6 acres not less than 1� = 50�

10–20 acres not less than 1� = 100�

20–80 acres not less than 1� = 200�

>80 acres not less than 1� = 400�

Note: If the map is reduced or enlarged, make sure the verbal scale

is adjusted as well. Maps without a scale will not be accepted.

Graphic Scales Map scales shown graphically should also be included. They will re-

main accurate when the map is reduced or enlarged. Examples of a

bar scale (left) and a rake scale (right) are shown below:

North Arrow All maps must show true north. This is typically done by drawing a

line oriented N–S with an arrow pointing north. The north arrow in

conjunction with the scale allows the map to be properly oriented

during field inspections and to be related to other maps. Examples of

north arrows are shown on the left.

Explanation Block The explanation block or legend defines all symbols and patterns

used and may contain the scale.

Title Block The title block should contain the following information:

� title of map,

� application or permit number,

� name and address of applicant or permit holder(s),

� signature of applicant or permit holder(s),

� map or exhibit number, and

� date map was drawn or revised.
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TOPOGRAPHIC
CONTOURS

Topographic contours are lines on a map that connect points of equal

elevation. For example, a 100-foot contour line links all points that

have an elevation of 100 feet. Although not required on all maps,

contours are useful in determining the steepness of slopes and the lo-

cation of watercourses. Contours are deemed adequate for mine per-

mitting if they accurately reflect the conditions of the site. Gener-

ally, contour intervals should be between 5 and 20 feet.

Typically, only large and/or complex sites require surveyed

contour lines. Most applications for small sites can use a photocop-

ied enlargement of a U.S. Geological Survey (USGS) topographic

map. Enlarging a USGS 7.5-minute quadrangle (1� = 2,000�) by 400

percent yields a map at a scale of 1� = 500�. Care must be taken to en-

sure that the scale of the enlargement is accurate.

USGS maps are usually available at local hunting or sporting

goods stores. They may also be ordered from the Washington De-

partment of Natural Resources Photo and Map Sales (360-902-

1234), the Nature of the Northwest Information Center (503-731-

4444), or the U.S. Geological Survey (509-353-2524).

BOUNDARIES Several types of boundaries may be required on maps: the permit

area boundary, the mining area boundary (including present and fu-

ture mining areas), and the property lines. The symbols for all

should be included in the explanation block.

Permit Area
Boundary

This is the boundary within which mining is permitted. Any mining,

processing, or activity related to mining taking place outside this

area constitutes mining without a permit and may invoke closure

and/or civil penalties. In some places, the permit boundary may be

coincident with the property boundary. However, the permit bound-

ary may cross property lines and can include property held by differ-

ent landowners. Once the boundary has been defined, changes to it

typically require an amendment to the reclamation permit and may

require land-use approval by the local jurisdiction.

The permit boundary is commonly indicated on maps as a

dashed or solid line. This line type and width should be distinguish-

able from the property line boundary and should be clearly labeled

as ‘permit boundary’.

Mining
Boundaries

Mining boundaries show the areas to be mined or excavated. Several

maps may be needed to show areas affected by short-term and long-

term operations.

Boundaries of
Cities and Counties

Boundaries of cities, counties, and other municipalities must be

shown if they cross the map area.

Property
Lines

Tax lot maps from the county assessor’s office are good sources of

property line information. Property line locations are critical in de-

termining setbacks to property lines and the likelihood of potential

impacts to adjacent landowners.
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The property line boundary is typically shown on maps as a

solid line. The property line type and width should be distinguish-

able from the permit boundary line and should be clearly labeled.

The letters ‘PL’ are commonly used to indicate a property line on

maps, but this line and abbreviation must also be identified in the ex-

planation block.

OTHER COMMON
MAP ELEMENTS

The following map elements should be shown on one or more of the

required maps.

Existing
Watercourses,

Ponds, and
Wetlands

All streams, rivers, wetlands, and ponds on and adjacent to the site

must be indicated on the map. Accurate location of these features al-

lows reviewers to assess potential mining-related impacts and also

aids the miner in the design of erosion and storm-water control sys-

tems to protect water quality.

Streams and rivers are represented by lines that are distinct from

those used for haul roads, permit boundaries, and property lines.

Ponds, wetlands, and lakes should be labeled and/or patterned to dis-

tinguish them from other mine features.

Processing Plant Proper location of processing facilities makes good use of the topog-

raphy for screening and noise control—for example, siting the fa-

cilities in a low area. (See Visual and Noise Screens, p. 3.6.) The lo-

cation of the processing facilities can be labeled or a symbol may be

used.

Haul Roads Most roads can be placed to avoid potential problems. Proper loca-

tion, construction, and drainage of roads can minimize turbid water

and slope-stability problems. (See Passive Storm Water Control,

p. 2.6, and Figs. 2.7 and 2.8.) Roads can be shown as lines whose

width or line type (dashed, etc.) distinguish them from property lines

and permit boundaries.

Soil and
Overburden

Stockpiles

Soil should be preserved for reclamation. The reclamation sequence

map must show where topsoil, subsoil, and overburden will be

stored until they are reapplied during reclamation. Soil stockpiles

can be indicated by drawing a line around the proposed location,

adding a distinctive pattern, and labeling the area ‘topsoil’, ‘su-

bsoil’, or ‘overburden’. (See Removing and Storing Topsoil and

Subsoils, p. 3.13.)

Product Stockpiles and
Waste-Rock

Dumps

Stockpiles of usable rock and waste-rock dumps are generally indi-

cated on maps by drawing a line around the proposed location, add-

ing a distinctive pattern, and labeling the area ‘stockpile’ or ‘waste

dump’. Stability and potential erosion problems are criteria to be

considered in selecting the location of a stockpile or dump. Site to-

pography will influence these factors. (See Waste and Overburden

Dumps and Stockpiles, p. 3.15.)

Interim Watercourses
and Ponds

Temporary watercourses and ponds, including settling ponds and

drainage ditches to control storm-water runoff, should be distin-
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guished from permanent natural features. They may be represented

by a unique line or pattern. (See Storm-Water and Erosion-Control

Structures, p. 2.12.)

Typical
Cross Sections

A cross section or profile shows what the mining site would look like

if a vertical slice were taken through it. The purpose is to show the

slope of the original land surface and reclaimed land surface, the wa-

ter level of ponds and wetlands, and the types and placement of

vegetation. Cross sections are usually taken through the areas that

will show the most information. It is generally best if a cross section

is drawn so that the vertical and horizontal scales are the same. In

some cases, the vertical scale can be exaggerated to accentuate topo-

graphic features.

SITE ACCESS MAP The site access map (Fig. 1.1) can be a copy or tracing of the perti-

nent part of a road map that clearly shows how to get to the site from
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Figure 1.1. Site access map for the fictitious Union Road Quarry, taken from a highway map. Note verbal scale, bar

scale, north arrow, and explanation and title blocks. (Not to scale; this map has been reduced to fit on the page.)



the nearest town. The preferred size for this type of map is 81
2 x 11

inches. A site access map shows the regional setting of the site and

includes nearby geographical features and public road access to the

site.

PRE-MINING
TOPOGRAPHIC MAP

The pre-mining topographic map establishes the location and setting

of the mine site (Fig. 1.2). It must show the following features:

� Permit area plus an appropriate border on all sides to show

important adjacent features. The size of the border depends on

site topography, drainage, neighbors, etc.

� Elevations and contours, natural ground slopes, drainage

patterns, and other topographic features

� Boundaries and names of counties and municipalities (if they

cross the map area)

� Boundaries of property ownership adjacent to the mine

� Names and addresses of adjacent property owners

� Locations and names of any other nearby mines
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Figure 1.2. Pre-mining topographic map for the quarry in Figure 1.1. Note existing buildings and vegetation, pre-

mining contours, verbal scale, bar scale, north arrow, and explanation and title blocks. (Modified from Norman and

Lingley, 1992. Not to scale; this map has been reduced to fit on the page.)



� Locations and names (if any) of all roads, railroads, utility

lines, or any other rights of way

� Locations and names (if any) of all streams and natural and

artificial drainways on or adjacent to the mine site

� Locations and names of significant buildings, parks, and other

artificial features

� Locations and names (if any) of all wells, lakes, springs, and

existing wetlands on or adjacent to the mine site

� Boundaries of the areas that will be disturbed by mining.

RECLAMATION
SEQUENCE MAP

The reclamation sequence map shows the details of the plan for min-

ing and segmental reclamation (Fig. 1.3). It should cover the same

area as the pre-mining topographic map and display the following

information:

� Permit area plus an appropriate border on all sides

� Boundaries of the areas that will be disturbed by mining
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Figure 1.3. Reclamation sequence map for the site in Figure 1.2. This map shows the location and sequence of seg-

ments to be mined according to the operating and reclamation plan (counterclockwise from the northeast, in this in-

stance), as well as details of soil placement, screening, and drainage. This site is mined first as a dry site, but as mining

proceeds into the southern segments, the water table is penetrated. (Modified from Norman and Lingley, 1992. Not to

scale; this map has been reduced to fit on the page.)



� Locations of all permanent boundary markers

� Locations of proposed access roads to be built in conjunction

with the surface mining operation

� Locations and types of setbacks and berms

� Numbered segments and the direction and sequence of mining

� Soil storage areas and sequence of stripping, storing, and

replacement on mined segments

� Overburden storage areas and sequence of stripping, storing,

and replacement of overburden on mined segments

� Waste rock piles and how they will be reclaimed and stabilized

� Operation plant and processing areas

� Measures to be taken to protect adjacent surface resources,

including prevention of slumping or landslides on adjacent

lands

� Location and description of storm-water and erosion-control

systems, including drainage facilities and settling ponds

� Other pertinent features.

FINAL
RECLAMATION

MAP

On most sites that require a state reclamation permit (reclamation

plan), a description of the post-mining topography is usually suffi-

cient, but for complex sites, post-mining topographic maps should

be prepared (Fig. 1.4). This is a topographic map of the site as it will

look after final reclamation, usually presented in the form of post-

mining contour lines or post-mining pit outlines. It must show all ap-

plicable data required in the narrative portion of the reclamation

plan and details of the mine reclamation. The map should cover the

same area as the pre-mining topographic map, at the same scale, and

should display the following information:

� Permit area plus an appropriate border on all sides

� Final elevations and contours, adjacent natural ground slopes,

reclaimed drainage patterns, and other topographic features

� Locations and names (if any) of all roads, railroads, utility

lines, or any other rights of way

� Locations and names (if any) of all streams and drainages

� Locations and names (if any) of significant buildings, parks,

and other structures, facilities, or features

� Locations and names (if any) of all lakes, springs, and wetlands

� Location and depth of topsoil to be replaced

� Permanent drainage and water-control systems (with expanded

view, if needed)

� Area to be revegetated and proposed species

� At least two cross sections (generally at right angles), with

horizontal and vertical scales the same, that show the original

and final topography and the water table (Fig. 1.5)
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Figure 1.4. Final reclamation map of the site in Figure 1.2, showing how it will appear after reclamation. The site will

accommodate a small office complex and wildlife habitat when it has been reclaimed. Cross sections A–A� and B–B� are

shown in Figure 1.5. (Modified from Norman and Lingley, 1992. Not to scale; this map has been reduced to fit on the

page.)

Figure 1.5. Cross sections for the final reclamation plan of the mine shown in Figure 1.4. The

types and placement of vegetation and the slope of the pond banks are shown. (Modified from Nor-

man and Lingley, 1992. Not to scale; this map has been reduced to fit on the page.)



� Other information pertaining to the permit and required by

statute or special conditions of the permit.

GEOLOGIC MAP In addition to the preceding four types of maps, a detailed descrip-

tion of the geologic setting and the type of deposit to be mined is

sometimes required in geologically complex areas and for certain in-

dustrial mineral or metal mines.

MAP UPDATES Current aerial photos or updated maps may be required as mining

progresses.

REFERENCE Norman, D. K.; Lingley, W. S., Jr., 1992, Reclamation of sand and gravel mines:

Washington Geology, v. 20, no. 3, p. 20-31.
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Storm-Water and Erosion Control

INTRODUCTION Protecting water quality and preventing erosion are two important

tasks mine operators must address. Federal legislation and increas-

ing concern and scrutiny by state and local agencies and the public

require that mine operators pay close attention to even small or tem-

porary discharges of storm water. The quality of those discharges,

particularly their turbidity, is a direct reflection of how sediment on

the site is handled. Expensive solutions to water-quality problems

can often be avoided by incorporating storm-water and erosion-

control techniques into the mine development plan. For most mine

sites, a good storm-water control system can minimize or even

eliminate storm-water discharge during the operation phase. When

mining ceases, erosion control is still necessary but should rely on

techniques that can function without maintenance.

Controlling storm water and the erosion it causes requires inte-

grated management starting at the top of the watershed above the

mining area. No single action will produce permanently effective re-

sults. A good system has numerous individual components that must

function separately but also respond as a unit during storms. The

failure of one component can cause other components to fail and ul-

timately affect water quality. Furthermore, control practices are

likely to change over the life of the operation. Good planning and

constant maintenance are needed to keep the storm-water system

working at peak efficiency.

This chapter describes basic techniques that can be combined to

make a comprehensive storm-water and erosion-control system.

Specific techniques appropriate to a given site depend on climate,

topography, and the erodibility of the material present. The follow-

ing general guidelines are applicable everywhere:

� Carefully plan the areas to be cleared in order to minimize

disturbance.

� Retain sediment by using erosion-control BMPs.

� Interrupt the flow of surface water to reduce velocity.

� Use revegetation and mulching to stabilize cleared areas as

soon as practical.

� Isolate fines produced during mining and processing.

� Develop a plan for maintaining storm-water and erosion-

control structures. Follow the plan, and modify it

as necessary to address changing conditions.

MAINTENANCE
AND EMPLOYEE

INVOLVEMENT

Although water quality is ultimately the operator’s responsibility,

maintenance of storm-water and erosion-control systems must be a

priority for management and involve all mine employees. Managers
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should explain to staff why controlling storm water and erosion is so

important. An effective program requires that everyone be on the

lookout for seemingly insignificant situations that can snowball into

major problems if not addressed in time.

We encourage operators and their employees to experiment

with improving their storm-water systems. Operators should not feel

limited to the information provided in this document. Common

sense and innovation, with an emphasis on early recognition and re-

sponse to erosion and sediment-transport problems, are the key to ef-

fective storm-water control.

EROSION The rate of erosion is affected by four main factors (Fig. 2.1):

� climate, which determines how much rain and snow will fall on

a site,

� soil characteristics, which determine erodibility and infiltration

rates,

� topography or slope, which determines the velocity of runoff

and the energy water will have to cause erosion, and

� vegetation, which slows runoff and prevents erosion by holding

soils in place.

Each of these factors plays a role in determining which BMPs should

be used to control erosion on a given site.

Erosion begins when raindrops displace soil particles. Rain-

drops may combine into sheets of water and flow over the surface

(overland flow) to cause sheet erosion. Topography then concen-

trates water to produce rill and gully erosion. When water from rills

and gullies combines, larger erosive streams and channels form

(Fig. 2.2).

A single raindrop may move a splashed particle 2 feet vertically

and 5 feet horizontally. The velocity of a raindrop is more than ten

times higher than typical surface runoff velocities, which means that

soil particles are more likely to be dislodged by raindrop impact than

by surface runoff. Once the particles are mobilized, however, much

less energy is required to keep them suspended or moving.
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STORM-WATER
REGULATION

The Washington Department of Ecology (DOE) and the Oregon De-

partment of Environmental Quality (DEQ) regulate the discharge of

storm water and waste water into public waters. The Stormwater

Management Manual for the Puget Sound Basin (Washington State

Department of Ecology, 1992) is a good source of ‘best management

practices’ (BMPs) and is available from DOE.

For many mine sites, DOE requires a Stormwater Pollution Preven-

tion Plan (SWPPP). As part of the SWPPP, an Erosion and Sediment

Control Plan is required with the general discharge permit.

Mine sites in Oregon that discharge storm water off site need a De-

partment of Environmental Quality (DEQ) storm-water permit,

which can be obtained through DOGAMI-MLR. This typically re-

quires the preparation of a storm-water plan to be submitted with the

storm-water application. Sites that use water for processing and do

not discharge water from the site must obtain a Water Pollution Con-

trol Facility Permit (WPCF permit) from DOGAMI-MLR. Sites that

use water to process aggregate and discharge water from the site

should contact DEQ to obtain an individual WPCF permit.

TURBIDITY AND
SUSPENDED

SEDIMENT

Erosion results in stream water that has high turbidity and a large

sediment load. Turbid, sediment-laden water can adversely affect

frogs and toads, clams, bottom-dwelling insects, and the appearance

of stream systems. High levels of turbidity can also interfere with

the feeding habits of fish, especially juveniles, and clog gills. Settle-

able solids can cover spawning gravels and suffocate eggs.

Turbidity Turbidity is a measure of the amount of light that can pass through

water in a straight line. Turbidity is reported as Nephelometric Tur-

bidity Units (NTU). A high NTU value means that little light is
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Figure 2.2. Topography cre-

ated by different types of erosion.

Raindrop erosion affects any bare

surface. If the water does not infil-

t ra te , ra indrops combine into

sheets of water (overland flow) to

cause sheet erosion, and sheets

further concentrate to produce rill

and gully erosion. Water from rills

and gullies then combines to form

streams and channels. (Redrawn

from Beckett, Jackson, Raedere,

Inc., 1975.)



transmitted through the water because it is absorbed or deflected by

particles in the water.

Suspended
Sediment

Suspended sediment is composed of settleable and nonsettleable

solids. Settleable solids (sand- and silt-size particles) are heavier

than water and will settle in calm water. Nonsettleable solids (clay-

size particles) take a long time (or distance) to settle out of suspen-

sion—in some cases, years—and are the chief cause of turbidity.

In Washington, turbidity must not be more than 5 NTU greater than

the background turbidity when the background turbidity is 50 NTU

or less, or there must not be more than a 10 percent increase in tur-

bidity when the background turbidity is more than 50 NTU. There is

no standard for suspended solids or settleable solids in the water-

quality regulations.

For example, in the sand and gravel general discharge permit, DOE is

allowed by regulation to give a facility a 10:1 mixing zone to meet an ef-

fluent limit. DOE sets the end-of-pipe effluent limit at 50 NTU and as-

sumes that the background level for turbidity in the receiving water is

zero. With a 10:1 mixing zone, this should result in a 5 NTU final efflu-

ent quality at the end of the mixing zone.

In Oregon, all sites that have point-source discharges of storm water

must have a storm-water discharge permit. As of January 1, 1998,

storm-water discharge permits for mine sites will be administered by

DOGAMI-MLR. The general storm-water permit contains perform-

ance benchmarks for storm-water plans. Benchmarks have been set

for pH, total suspended solids, and oil and grease. If benchmarks are

exceeded, the plan must be modified to address the deficiency. Tur-

bidity must be less than 10 percent above the background of the re-

ceiving stream or river.

EROSION
CONTROL

Assuming that the general guidelines given on p. 2.1 are being fol-

lowed, the two most important things that can be done to minimize

erosion, sedimentation, and turbidity are preventing raindrop ero-

sion and slowing surface-water runoff velocities in the bare areas.

Practices that reduce erosion can be classified as either short- or

long-term, although considerable overlap exists between the two.

All require maintenance to be effective. They are described in detail

later in this chapter.

Short-term erosion-control methods include:

� mulching,

� slash windrows,

� straw bales,

� filter fabric fences,
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� jute netting and/or mulch

fabrics,

� brush sediment barriers, and

� plastic coverings.



Long-term erosion-control methods include:

� vegetation,

� diversion ditches,

� rock check dams,

Controlling
Raindrop Erosion

On flat ground, raindrop erosion is typically not a problem, but on

slopes, more soil is splashed downhill than uphill. Covering steep

slopes with plastic sheeting or mulch and/or revegetating bare areas

reduces the erosion caused by raindrop impact. Gravel placed on

berms or other bare areas at the plant site can also significantly re-

duce sediment movement during heavy rains.

Controlling
Surface Runoff

Runoff velocities can be controlled by retarding flow and/ or break-

ing up or minimizing slope length. Retarding flow on a slope can be

accomplished with organic debris or geotextiles. Small, discontinu-

ous terraces, berms, and furrows on the overburden cut above the

mine or on reclaimed slopes can effectively slow runoff and de-

crease sediment transport (Fig. 2.3). Benches cut in overburden or

other unconsolidated material likely to erode should be sloped into

the hillside and away from the center of the bench to allow drainage

to either side (Fig. 2.4). For reclamation, benches and terraces

should have shapes and dimensions that appear natural so they blend

in with the landforms of the area.

Other methods for reducing runoff velocities involve long-term

structures incorporated into the drainage-ditch system. (See Storm-

Water and Erosion-Control Structures, p. 2.12.) These structures

should be used in the interior of the mine in conjunction with settling
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Figure 2.4. Benching and terracing of unconsolidated material to control runoff. Benches cut in overburden or other

material likely to erode should be sloped into the hillside (side view) and away from the center of the bench (1–5% slope

or grade) to allow drainage to either side (front view). (Modified from Law, 1984. Copyright © 1984 by Van Nostrand Re-

inhold Company Inc. Used by permission of the publisher.)

Figure 2.3. Small, discontinuous terraces, berms, and furrows can effectively slow runoff and decrease sediment

transport. The relief is exaggerated for illustrative purposes. (From Banks, 1981.)

� rock-lined ditches, and

� contours, berms, swales, and

ditches.



ponds. Using only one method is generally not successful. Attempt-

ing to trap or control sediment in settling ponds may not work unless

some sediments have been dispersed and trapped upslope of the final

pond or discharge point.

Long-term erosion-control methods are more cost-effective if

properly planned and coordinated with mining activities. At many

sites, short-term erosion control will be needed until long-term con-

trols are established. Some methods, such as revegetation, can be ef-

fective in both the short and long terms.

STORM-WATER
DIVERSION

Conventional storm-water control methods tend to concentrate

flows using ditches, berms, and ponds. The best strategy for storm-

water control, however, is to divert storm wa-

ter and overland flow around the mining site

and back into the original drainage (Fig. 2.5).

Keeping ‘clean’ water separate from ‘dirty’

water is the easiest way to minimize the

amount of water that has to be treated or con-

tained. To do this, mine operators must know

where and how much water enters the mine site

during storms of various sizes. Depending on

the size of the operation, the type and duration

of precipitation, the type of material being

mined, and the topography, passive control of

storm water may be all that is needed.

If storm water cannot be diverted around

the site, that water should be isolated from the

storm water onsite to provide the best possible

protection of surface waters.

PASSIVE STORM-
WATER CONTROL

Passive storm-water control techniques rely on gravity to do their

work. Their goal is to disperse storm water at numerous locations

rather than to concentrate flows, which then have to be treated to re-

move sediment. Passive control structures are

typically nonengineered and can easily be built

at any mine site. They should be placed to pre-

vent overland flow over any significant dis-

tance.

Small operations on permeable materials

(such as sand and gravel, cinders, and pumice)

and sites developed on flat or gently sloping

terrain are good locations to use passive tech-

niques. These techniques will also work on

quarry sites where the rock is highly fractured

and/or the size of the disturbance is fairly
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Figure 2.5. The best strategy for storm-water control is

to divert streams and overland flow around the mining site.

Not to scale.

Figure 2.6. Berms and ditches divert runoff to a collection

sump from which it can be dispersed into vegetated areas at numer-

ous locations around the mine site. Not to scale.



small. Passive techniques can and should be incorporated into de-

signs for larger sites that require offsite discharge of storm water.

At most sites, roads and processing areas are the biggest sources

of sediment because equipment is constantly being moved across

them. Good road design and limiting traffic movement to specific ar-

eas can minimize disturbance and therefore sediment production.

The techniques suggested in the next few pages can reduce the

amount of contaminated water that requires treatment prior to dis-

charge offsite. Applying an appropriate combination of these tech-

niques may eliminate offsite discharge of storm water altogether.

� Construct berms and ditches to divert runoff away from

natural drainages and slopes and into vegetated areas around

the mine site. If possible, select vegetated areas on gentle

slopes. Doing this at numerous locations is the key to success

(Fig. 2.6).

� Construct closely spaced water bars (Fig. 2.7) on roads

susceptible to erosion, for example, ungraveled roads, roads

with steep grades, and roads on highly erodible soils. Very

little maintenance is required if water bars are properly

constructed, placed in correct locations, and closely spaced.
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Figure 2.7. The water bar or cross-

ditch intercepts, directs, and disperses

surface-water flow off a road to stable

sites on the downhill side of the road. 1,

The cross-ditch is cut into the roadbed

from the cutbank or ditchline completely

across the road surface, extending be-

yond the shoulder of the road. 2, Physi-

cal blockage of the the ditchline is re-

quired to deflect water flow into the

cross-ditch. 3, The cross-ditch should be

placed at a minimum skew of 30
o

to the

ditchline—greater on steep road gradi-

ents. 4, The excavated material is spread

on the downhill grade of the road, creat-

ing a berm. 5, Water should always be

dispersed onto a stable slope with vege-

tation or riprap protection. 6, The cross-

ditch berm should dip to allow vehicle

crossover without destroying the ditch.

7, The cross-ditch must be cut to the

depth of the ditchline to prevent water

ponding and to ensure drainage from the

ditchline. 8, An alternative to creating a

water bar is to place a French drain in es-

sentially the same configuration. The

water bar and the French drain are shown

together here for purposes of illustra-

tion. They would not normally be used so

close together. (Modified from Chatwin

and others, 1991.)



Wide water bars, also called rolling ditches, can perform the

same function as conventional water bars while providing

smoother passage for vehicles.

� Use water bars on exploration roads above the mine cut or

other roads that receive only occasional use.

� Elevate frequently used roads (Fig. 2.8), such as haul roads,

and other heavy traffic areas to keep runoff away from these

areas where it is more likely to pick up sediment.

� Make sure roads are well covered with durable, coarse rock

of appropriate size.

� To retain storm water on wide working benches during the

winter, use temporary berms.

� On the pit or quarry floor, establish and maintain a slope that

allows turbid water to drain toward a low point where it can

be collected in a pond or a sump to allow water to infiltrate

(Fig. 2.9). This practice stops sediment-laden sheetwash from

leaving the pit and may create beneficial wetlands after
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Figure 2.8. Profiles of elevated

haul roads with drainage ditches

on the sides to keep runoff from

entering heavy traffic areas where

it is more likely to pick up sedi-

ment. (Modified from U.S. Bureau

of Land Management, 1992.)
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infiltration

gallery

bench
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PLAN VIEW

Figure 2.9. Establ ish and

maintain a slope that allows water

to drain toward the highwall to col-

lect sediment and help form wet-

lands or to allow water to infiltrate

(note infiltration gallery) if the

area must be drained. This practice

is not recommended if oil and

grease are present as potential

ground-water contaminants. Dis-

charge to ground water may re-

quire a permit . (See also Fig.

2.26.)



reclamation. However, this method is not recommended if

oil and grease are present to contaminate ground water.

� In both excavation and processing areas, develop and

maintain places that will readily accept runoff and

precipitation. For hard-rock sites, fracture the quarry floors

and/or leave shot rock in place. For gravel and soft-rock

quarries, rip and/or minimize areas compacted by heavy

equipment.

� When processing rock on the excavation floor, make sure

adequate drainage is provided. Fines produced during

processing will potentially decrease permeability and

increase runoff. This will likely result in an increase in the

amount of turbid water to be treated.

� Use filter berms built of porous materials, such as sand and

gravel or processed quarry rock that contains no 200-mesh or

smaller material, to remove sediments. (See p. 2.19.)

� Use dry wells or infiltration galleries and horizontal

subdrains to allow storm water to infiltrate into the ground

rather than run off the site. (See p. 2.20 and 2.20.)

� Regrade, reshape, revegetate, and otherwise protect areas that

have the potential to produce runoff or sediment.

� Minimize the disturbed area by maximizing the area

reclaimed each fall.

� Establish and maintain vegetated buffer strips between

disturbed areas and any natural drainage. Silt fines may be

incorporated into the soil in these areas.

� Minimize the amount of water requiring treatment by

isolating ground water from storm water. Sumps and trenches

or shallow wells at the lowest point of the excavation can

dewater the mine area prior to mining.

In Washington, any process water to be discharged to ground is

regulated by the Department of Ecology. This includes process wa-

ter discharged to dry wells and drain fields.

SEDIMENT
CONTROL ON

THE MINE SITE

If sediment gets into the water onsite, it can become an environ-

mental contaminant requiring treatment. Removing soil fines from

water can be a difficult and costly process. The best approach is to

isolate the source of the sediment. Passive storm-water controls can

reduce or eliminate suspended fines before they reach the settling

pond system. Undersize or reject fines may be a saleable aggregate

product and, in some mines, may be an appropriate or necessary soil

amendment for reclamation. (See Replacing Topsoil and Subsoil,

p. 4.5.)

Soils with sand as the dominant particle size are coarse-tex-

tured, light, and easily erodible. Water soaks into these soils rapidly.

Silts and clays make fine-textured, heavy soils that are slow to erode

and slow to drain. Clay-rich soils commonly cause the greatest im-
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pacts on water quality because they contain fine particles that settle

slowly, travel far, and remain in suspension for a long time in

settling ponds. Soils dominated by the clay fraction may require sev-

eral large settling ponds in series. Flocculants can help settle clay

particles. (See Flocculants, p. 2.26.)

One of the best methods for removing sediment from water is

onsite land application. Turbid water is sent through dispersal sys-

tems that allow it to slowly soak into vegetated areas. The potential

downslope/downstream impacts of land application should be as-

sessed before constructing this type of control. (See Land Applica-

tion, p. 2.25.)

For effective sediment control, operators need to determine

both the dominant particle size of the source materials and the

amount of precipitation and/or storm flow that can be anticipated.

Particle-size analysis of soil, overburden, and reject fines produced

from processing may be necessary at some sites to determine if they

are likely to erode into the storm-water system. Ideally, representa-

tive storm-water runoff from the site or from a similar site (if mining
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Figure 2.10. Hypothetical storm-

water control at an upland processing

area. IG, infiltration gallery.



has not yet started) should be sampled to predict the size range of the

suspended particles that may require treatment.

The two basic methods of removing sediments are by filtering

and by gravity separation. Filtering may be accomplished by using:

� designed sand, gravel, or rock graded filters with appropriate

size gradations and layers,

� undisturbed soils or embankments,

� filter fabrics,

� infiltration galleries,

� French or trench drains, and

� dispersal (sheet flow) through vegetated areas.

Gravity separation requires that water velocity be reduced to fa-

cilitate settling. Settling ponds or dispersal on flat terrain (as in land

application) use gravity separation. In still water, a sand particle

(0.05–2 mm) will settle at rates of 1 foot/second to 1 foot/several

minutes. A silt particle (0.05–0.002 mm) may take several minutes

to 6 hours to settle 1 foot. Clay particles (<0.002 mm) can take from

1 day to several months to settle. Pond surface area, retention time,

and the particles’ settling velocity determine the effectiveness of a

settling pond system.
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Figure 2.11. An example of a storm-water control system at a quarry site. Figure 3.5 shows visual and noise screen-

ing techniques at the same site.



STORM-WATER
AND EROSION-

CONTROL
STRUCTURES

The techniques discussed above and the structures described below

can be organized in many different ways. The erosion/sedimentation

controls at a site will likely change over time as the configuration of

the site changes. Examples of storm-water control systems for an up-

land processing area and a quarry floor are shown in Figures 2.10

and 2.11, respectively. The profile shown in Figure 2.10 illustrates

possible proper drainage techniques in a processing area. The loca-

tion and choice of the various structures and techniques are site- spe-

cific.

Conveyance Channels
and Ditches

Channels and ditches are permanent, designed waterways shaped

and lined with appropriate vegetation or structural material to safely

convey runoff to a sediment pond, vegetated area, or drainage. The

advantages of open channels are that they are generally inexpensive

to construct, can be lined with vegetation, and make it easy to trace

the water. One disadvantage of grass-lined channels is that they

may, if improperly designed, erode during high flows and become a

source of sediment themselves.

The design of a channel or ditch cross section and lining is based

primarily on the volume and velocity of flow expected in the chan-

nel. If flow is low and slow, grass channels are preferred to riprap or

concrete lining. Although concrete channels are efficient and easy to

maintain, they allow runoff to move so quickly that channel erosion

and flooding can result downstream. Grass-lined or riprap channels

(Fig. 2.12) more closely duplicate a natural system. Riprap and

grass-lined channels, if designed properly, also remove pollutants

via biofiltration (removal of pollution by plants). Engineered chan-

nels are recommended when the discharge will be greater than 50 cu-

bic feet per second.

In addition to the primary design considerations of capacity and

velocity, other important factors to consider when selecting a cross

section and lining are land availability, compatibility with surround-

ing environment, safety, maintenance requirements, and outlet con-

ditions.

Slash Windrows and
Brush Sediment

Barriers

Most mine sites have to be cleared of woody vegetation prior to min-

ing. Slash windrows and brush barriers can be easily and inexpen-

sively constructed with the vegetative debris. These are effective for

filtering coarse sediment and reducing water velocity.
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Figure 2.12. Details of con-

struction for a rock-lined diversion

ditch.



Slash windrows are constructed by piling brush, sticks, and

branches into long rows below the area of concern. The windrow

may be supported at the base by large logs or rocks (Fig. 2.13).

Brush sediment barriers require somewhat more effort, plan-

ning, and expense, but they are generally more effective than slash

windrows. Brush sediment barriers are linear piles of slash, typi-

cally wrapped in filter fabric or wire mesh. Construction details are

provided in Figure 2.14.

� Slash windrows should be used below roads, overburden and

soil stockpiles, and any other bare areas that have short,

moderate to steep slopes.

� Brush sediment barriers are most effective on open slopes

where flow is not concentrated; they can help prevent sheet

flow and rill and gully erosion during heavy rains.

Straw Bales Straw bales are a well-known temporary erosion-control method

(Fig. 2.15). They are fairly cheap and readily available. However,

they are frequently installed incorrectly, making them ineffective.
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Figure 2.14. Details of brush sediment-

barrier construction. The effectiveness of

brush barriers is greatly increased when filter

fabric is used. (Adapted from Idaho Depart-

ment of Lands, 1992.)

Figure 2.13. Details of construc-

tion of a slash windrow filter. (Modi-

f ied from Idaho Department of

Lands, 1992.)



Simply placing straw bales on the ground surface without proper an-

choring and trenching will provide only minimal erosion control.

Proper ground preparation, placement, and staking are necessary to

provide a stable sediment barrier. Straw bales also require frequent

repair and replacement as they become clogged with sediment. Only

certified weed-free straw should be used.

Straw bales used in conjunction with a check dam or filter berm

constructed of sand and gravel, as shown in Figure 2.16, provide a

more effective erosion-control system that requires less mainte-

nance and can handle larger volume flows.

� Straw bales are most practical below disturbed areas where

rill erosion occurs from sheet runoff.

� Straw bales may be used in minor swales and ditch lines

where the drainage area is smaller than 2 acres and/or where

effectiveness is required for less than 3 months.

Bio Bags Bio bags are woven nylon net bags filled with bark chips. They are

about the size of straw bales and can be used as an alternative to

straw bales for erosion control. Bio bags are much lighter than straw
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Figure 2.16. Details of con-

struction for a straw-bale barrier

combined with a gravel check

dam. (Adapted from Idaho Depart-

ment of Lands, 1992.)

Figure 2.15. Details of straw-bale

sediment barr ier construct ion.

(Adapted from Idaho Department of

Lands, 1992.)



bales; they must be staked down to keep them in place. They are

more permeable, but slow water sufficiently to cause sand, silt, and

clay to drop out. They fit the contours of the land, avoiding the

bridging problem of straw bales. They hold together better and can

therefore be removed more easily when saturated. Wildlife won’t

tear them apart to eat them, and they will not introduce grass and

weed seeds to the site.

Bio bags may not be as readily available as straw bales. Their

unit price is comparable to that of straw bales, but because they are

smaller, more units are needed per application, making them slightly

more expensive. They are not as biodegradable as straw bales.

Burlap Bags Filled
with Drain Rock

Woven burlap bags filled with drain rock can be used as an alterna-

tive to bio bags. They conform well to irregular ground and are eas-

ily installed. They do not need to be staked down and are less prone

to washing away than bio bags. They can easily be created using re-

cycled burlap bags and the aggregate that is already present on most

mine sites.

Silt Fences A silt fence is made of filter fabric that allows water to pass through.

Woven fabric is generally best. Depending on its pore size, filter

fabric will trap different particle sizes. The fence is placed perpen-

dicular to the flow direction and is held upright by stakes (Fig. 2.17).

A more durable construction uses chicken wire and T-posts to sup-

port the fabric vertically.

It is essential to bury the bottom of the filter fabric to prevent

flow under or around the fence. Maintenance is required to keep the

fence functioning properly. Rock check dams or other methods may

be needed to slow water enough to allow it to pass through the fence.

Although silt fences are more complicated and expensive to install

than straw bales, they provide better erosion control in some situa-

tions, for example, in coastal climates where hay bales decay rapidly

or in locations that are difficult to access with vehicles.

� Silt fences should be used below disturbed areas where

runoff may occur in the form of sheet and rill erosion.

Erosion-Control
Blankets

Erosion-control blankets are made of a variety of artificial and natu-

ral materials, including jute, coconut husk fibers, straw, synthetic

Open File Report 96-2 BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES

STORM-WATER AND EROSION-CONTROL STRUCTURES 2.15

Figure 2.17. Details of filter-fabric silt fence construction.



fabrics, plastic, or combinations (Fig. 2.18). Applying erosion blan-

kets over large areas can be prohibitively expensive. However, small

applications in areas that are oversteepened and/or prone to erosion,

in conjunction with cheaper methods such as hydromulching and/or

hay mulch and netting, can be very effective. The effectiveness of

jute netting and mulch fabrics is greatly reduced if rills and gullies

form beneath these fabrics. Therefore, proper anchoring and ground

preparation are essential.

� Erosion-control blankets can be used on steep slopes where

severe erosion-control problems are anticipated.

Where water infiltration is not desirable, for example, on the

surface of an active landslide, an impermeable erosion blanket may

be appropriate. In this situation, special care must be taken to pro-

vide a place where the energy the water has gained can dissipate,

such as a slash windrow, brush sediment barrier, or rock blanket at

the base of the slope.

Vegetation Vegetation absorbs some of the energy of falling rain, hold soils in

place, maintains the moisture-holding capacity of the soil, and re-

duces surface flow velocities (Fig. 2.19).

� The most effective way to use vegetation is to leave it

undisturbed to prevent erosion and reduce the speed of

surface water flows.
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Figure 2.18. Erosion blanket installation.

(Redrawn from Idaho Department of Lands,

1992.)



� If a new area must be cleared for mining, clear only the

amount needed for expansion within one year.

� As an area is cleared of vegetation, save the sod or slash and

stake it down across the cleared slopes to temporarily reduce

storm-water runoff until the area is mined.

� Replace topsoil and replant mined areas as soon as possible.

� Revegetate overburden and topsoil stockpiles over the winter

or when they will remain unused for more than six months.

(Topsoil should not be replaced in this situation; see Interim

Reclamation, p. 3.1.)

Contour and
Diversion Ditches

Contour ditches are constructed along a line of approximately equal

elevation across the slope (Fig. 2.20). Diversion ditches guide water

around unstable areas to prevent both erosion and saturation with

water (Fig. 2.21), reducing the likelihood of slope failure. Both

types of ditches should have a 1 to 5 percent grade directed away

from steep slopes to the appropriate drainage or vegetated areas.

Ditch channels may need to be lined to prevent scouring and

minimize sediment transport. When their slope is greater than 5 per-
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Figure 2.19. Effect of vegeta-

tion on storm-water runoff. (Modi-

fied from Washington State De-

partment of Ecology, 1992.)

Figure 2.20. Placement and

construction of contour ditches.



cent, ditches are typically

lined with rock. Where

slope stability is of con-

cern, impermeable liners

may be used. Rock check

dams, described below,

should be placed in diver-

sion and contour ditches at

decreasing intervals as the

slope increases.

� Contour and

diversion ditches

should be used to

direct surface runoff

away from disturbed

areas and prevent

rills and gullies from

forming.

Rock and Log
Check Dams

Check dams are typically constructed from coarse crushed rock

ranging from about 2 to 4 inches in diameter, depending on the water

velocities anticipated. A check dam can generally withstand higher

velocity flows than a silt fence, and the integrity of the structure will

not be affected if it is overtopped in a large storm event. The tops

of check dams are lower than the channel margins so that water

can spill over (instead of around the sides) during heavy storms

(Fig. 2.22).

The effectiveness of rock check dams for trapping sediment

can be improved by applying filter fabric on the upstream side. The

bottom of the fabric must be anchored by excavating a trench, ap-

plying the fabric, and then filling the trench with coarse rock. This

structure functions like a silt fence, but it is more durable.

Choosing the proper size of filter fabric mesh is important to mini-

mize clogging.
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Figure 2.21. A diversion di tch can be

placed upslope from an overburden pile to pre-

vent saturation of the pile.

Figure 2.22. Details of rock

check dam construction.



The filter fabric must be replaced when it becomes clogged. Gabions

(wire baskets filled with coarse rock) and filter fabric would func-

tion in the same manner.

Where they are readily available, logs can be used to construct

check dams instead of rock (Fig. 2.23).

� Check dams can be used to slow surface flow in ditches.

� Check dams are a common means of establishing grade

control in a drainage to minimize downcutting.

Concrete
Check Dams

Concrete check dams

(Fig. 2.24) can be an

effective long-term

alternative to straw

bales, bio bags, and

rock-filled burlap

bags. They can often

be constructed from

waste concrete that is

cleaned out of mixer

trucks, but time con-

straints may prevent

this. Concrete check dams are most appropriate along ditches that

are relatively permanent.

Filter Berm A filter berm (Fig. 2.25) allows the passage of water but not soil par-

ticles. It can be constructed of sand and gravel or crushed and

screened quarry rock free of 200-mesh or smaller material. Using

pit-run sand and gravel or quarry rock is not recommended because

silt and clay will be present. In the ideal berm, fine sand, coarse

sand, and gravel are placed sequentially from the upstream side to
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Figure 2.23. Details of log check dam construction.

(From Washington Department of Ecology, 1992.)

PLAN VIEW

Figure 2.24. Waste concrete check dam. It should

be a minimum of 4 inches thick; length and width vary

to fit application.

Figure 2.25. Idealized cross

section of a filter berm showing

details of construction.



the downstream end of the berm. The sand may need periodic re-

placement as it becomes clogged with sediment.

� Filter berms should be used in channels with low flow.

Trench Subdrains and
French Drains

The terms ‘trench subdrain’ and ‘French drain’ are sometimes used

interchangeably. A French drain is a ditch partially backfilled with

loose, coarse rock to provide quick subsurface

drainage and covered with a compacted clay

cap. A trench subdrain is a ditch backfilled all

the way to the top with loose, coarse rock,

which allows water to enter more freely

(Fig. 2.26). Both types of drains are designed

to allow the movement of water while prevent-

ing or minimizing the movement of soil parti-

cles, and both require an outlet to remove wa-

ter. Either can be improved by placing perfo-

rated pipe in the drain. (See also Figs. 3.11 and

6.6.)

Several filtering methods can improve the

long-term effectiveness of these drains. Early

applications relied on open-graded aggregate

free of 200-mesh or smaller material, but this

may eventually become clogged. Current prac-

tice is to wrap the perforated pipe in filter fab-

ric so that sediment is trapped on the surface of

the fabric rather than in the pore spaces. Be-

cause maintenance may eventually be required

for subdrains, placement of clean-outs along

the pipes is recommended.

� Drains are used for dewatering

landslides and agricultural lands and

stabilizing highway road cuts.

� Drains are also well suited for storm-water control.

Infiltration Galleries
and Dry Wells

Infiltration galleries (or dry wells) are similar to trench subdrains

and French drains except that there is no direct outlet for the water

that enters them. These drains are deeper than

they are long.

Infiltration galleries are created by exca-

vating a hole— the deeper the better—which is

then backfilled with coarse rock (Fig. 2.27).

Typically, the holes are dug to the maximum

reach (�20� of the backhoe used. If possible,

water percolation should be improved by frac-

turing the bottom of the hole. This may require

drilling and shooting. Backfilling to the sur-
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Figure 2.26. Details of trench subdrain construction.
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Figure 2.27. Details of infiltration gallery construction. (See

also Fig. 2.9.)



face with coarse rock allows heavy equipment to pass safely over

these structures, making them well suited for installation around a

crusher or screening plant. Because there is no outlet for water, these

galleries should be located where fines and storm water accumulate.

Grading should direct storm-water runoff to them. The exact size

and number of infiltration galleries needed is site specific. Mainte-

nance is typically limited to periodic replacement of the fill with

clean rock.

� Infiltration galleries are best suited for quarry sites or areas

where natural infiltration of storm water is minimal and the

water table is low enough to allow drainage. They should

be used alone only where grades prevent connection to a

gravity-flow subdrain or where volumes of storm water are

small.

� Infiltration galleries should not be used if oil and grease are

present to contaminate the ground water.

Wheel Washes Tracking of mud and rocks onto roads can become a problem at

many mine sites during the winter. A permanent wheel wash can be

installed near the exit to wash excess dirt and mud off truck tires. A

series of railroad rails spaced 2 to 8 inches apart can be used to shake

loose rocks and dirt while the vehicle is driving through the wheel

wash (Fig. 2.28). Make sure that water used to wash trucks is treated

to remove solids and turbidity before being discharged from the site.

STORM-WATER
SETTLING PONDS

Most mine operations cannot rely solely on passive storm-water

control methods and must employ settling ponds as an integral part

of their storm-water system. These flat-bottomed excavations can

range from small hand-dug sumps to ponds covering several acres.

They slow water velocities enough to allow sediment to settle out of

suspension. The number and size of ponds needed will depend on the

site conditions. Construction of numerous ponds in the upper part of

the drainage systems enhances effective trapping of sediments. For

example, upper quarry benches and floors can be bermed so that they

function as sediment basins during the rainy season.
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railroad rails

to settling pond system (or clean out ditch with excavator)

Figure 2.28. Wheel washes

can be used to keep mud and rocks

from being tracked onto roads.

Dirty water can be sent to a settling

pond, or the wheel wash can be

cleaned out with an excavator.



Two types of ponds are commonly used—detention and reten-

tion. Detention ponds reduce the velocity of storm water, allowing

sediment to settle before it moves off-site. Retention ponds are large

enough to accept all storm water without surface discharge.

Ponds can be developed by building embankments or by exca-

vating below grade. Excavated ponds are preferable because they

are less likely to fail than embankments (Fig. 2.29). Embankments

have to be carefully constructed using the same techniques that

would be used for constructing waste and overburden dumps and

stockpiles (see p. 3.15). Ideally, ponds should be situated at the bot-

tom of a slope. Soil or geotextile liners may be required where stabil-

ity is a concern. Many ponds are designed for the life of the opera-

tion, whereas others are used for only a short time.

� Settling ponds are the best method of gathering turbid water

to allow sediment to settle out.

In Washington, water impoundments that contain more than 10 acre-

feet of water must be approved by the Dam Safety Section of the De-

partment of Ecology.

In Oregon, water impoundments with dams more than 10 feet high or

with a capacity of more than 9.2 acre-feet of water must be approved

by the Dam Safety Section of the Oregon Water Resources Depart-

ment.

Configuration,
Location, and Size

Storm-water detention ponds should be designed to maximize both

velocity reduction and storage time. That is, storm water entering a

pond should spread out and migrate as slowly as possible toward the

discharge point. Baffles constructed across the pond (Fig. 2.30) can

reduce flow rates. A good rule of thumb is that the flow path of the

pond should be at least five times the length of the pond. The inlet

and outlet should be located so as to minimize the velocity and maxi-

mize the residence time.
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Figure 2.29. Detai ls of

settling-pond construction. The

excavation method on the left is

preferred because it is less likely

to fail and cause flooding than an

constructed embankment (right).

LESS EFFECTIVE

inflow

outflow

flow path

flow path

inflow

baffles

outflow

MORE EFFECTIVE
Figure 2.30. Details of deten-

tion pond design. The pond on the

left, which maximizes the length

of the flow path, is preferable to

the pond on the right, which does

not keep water in the pond long

enough for optimum settling.



If ponds are to be placed in the lowest area of the watershed, sev-

eral should be constructed in a series. This will enable the first

pond to slow the high-velocity waters coming into it and allow sub-

sequent ponds to settle out sediments more effectively. For maxi-

mum treatment effectiveness, ponds should be placed as close as

possible to those areas most likely to contribute sediment, such as

the pit floor, the processing plant, and other areas of heavy equip-

ment activity.

There are several widely used methods for determining the ap-

propriate size of storm-water ponds for a given site. Most methods

begin with estimating the size of the watershed and estimating run-

off using infiltration rates. This information is then used to calculate

the amount of runoff on the basis of annual precipitation or a storm

event of a certain size. Observations of flow characteristics and lo-

cations made near the mine during storm events can be invaluable in

developing a good storm-water pond system.

However, choosing an appropriate size for storm-water ponds

can be difficult without site-specific information such as a storm hy-

drograph—a graph of the volume of water flowing past a certain

point during a storm event. When hydrographic information is not

available, theoretical calculations are used to estimate the flow vol-

ume for a given storm event. The calculations quickly become com-

plicated because storm intensity and duration can have a significant

effect on the amount of runoff. Also important, but even more com-

plicated, are determining the influence of road systems, vegetative

cover, and amount of compaction on runoff volumes.

The Natural Resources Conservation Service (formerly Soil

Conservation Service) has developed a simplified method for esti-

mating storm-water runoff. This method can work well if the limita-

tions are understood, and it yields a good starting point for determin-

ing pond size. For more information, contact the local office of the

Natural Resources Conservation Service.

There are many resources for information on designing storm-

water ponds. (See the list of references at the end of the chapter.) For

determining spillway designs and diversion ditch liner specifica-

tions, Urban Hydrology for Small Watersheds (Soil Conservation

Service, 1986) is a good resource.

� For most mining situations, storm-water ponds should be

designed to handle at least a 25-year/24-hour event or larger.

In Washington, RCW 78.44 sets a standard for water control: “Di-

version ditches, including but not limited to channels, flumes, tight-

lines and retention ponds, shall be capable of carrying the peak flow

at the mine site that has the probable recurrence frequency of once in

25 years as determined from data for the 25-year, 24-hour precipita-

tion event published by the National Oceanic and Atmospheric Ad-

ministration.” The data for 25-year, 24-hour precipitation events

can be found in Miller and others, 1973. Furthermore, if the site is lo-

cated in a watershed that is prone to erosion, heavy storms, and/or
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flooding, design specifications may require planning for a 100-year

storm event.

Maintenance Settling ponds must be cleaned out regularly to remain effective.

Spillways should be kept open and ready to receive overflow during

large storms. Settling ponds should be constructed and placed so that

onsite equipment can be used to maintain them. In some situations,

sediment can be pumped out of settling ponds as a slurry instead of

being removed with heavy equipment. Regardless of the method of

sediment removal, all sediment removed should be placed in a stable

location so that it will not enter waterways.

Drainage The method of releasing water from storm-water ponds can be criti-

cal in determining their efficiency. Standpipes, spillways, and infil-

tration are the most common release methods.

Standpipes are vertical pipes rising from the bottom of the pond

and connected to a gently sloping pipe that passes through the side of

the pond to the discharge point (Fig. 2.31). Antiseep collars must be

attached to the pipe where it passes through the dam or settling pond

wall to prevent water from flowing along the outside of the pipe. A

grate or screen should be placed over the standpipe intake to prevent

debris from clogging it.

Spillways are overflow channels that are part of the construc-

tion of all water impoundments. For small settling ponds used inter-

mittently and designed for low maintenance, spillways may handle

all water discharged from the pond. Where water is recirculated to

the processing plant or where discharge is through a standpipe or

subdrain, a spillway allows overflow during extremely wet weather

or when the primary drain system becomes clogged.

Spillways should be located in undisturbed material and not

over the face of a constructed dam. If the spillway is placed on erodi-

ble material, it must be rock lined to limit erosion that would com-

promise the safety of the dam.
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Figure 2.31. Section through a

berm showing standpipe with an-

tiseep collar. (Modified from U.S.

Soil Conservation Service, 1982.)



STORM-WATER
TREATMENT

In some places, additional treatment is required to reduce the turbid-

ity of storm water prior to discharge to public waters. (See p. 2.3.)

When storm water contains abundant clay-size particles too fine to

settle using conventional pond treatment, land application is the

treatment of choice. Alternative treatment methods include the addi-

tion of flocculants or the use of water clarifiers.

Land Application Land application involves sending storm water through dispersal

systems that allow the turbid water to slowly soak into vegetated ar-

eas. Land application may be a feasible technique to handle all

sediment-laden water, or it may just increase storm-water storage

capacity. Some of the most common distribution systems are perfo-

rated pipe laid across a slope, level spreaders, and sprinkler systems.

Where large flat areas are available and water dispersal is not an is-

sue, water can be discharged directly from the distributor pipe,

eliminating the need for a perforated application pipe. Turbid water

must not be allowed to enter wetlands or creeks.

Perforated Pipe. Plastic pipe with holes drilled in it can disperse a

fine spray of water over a large surface area (Fig. 2.32). This method

works well if the pipes are laid along slope contours; pipes laid per-

pendicular to slope contours develop excessive hydraulic head at the

lower perforations, resulting in uneven distribution of water and in-

creased erosion potential.

Level Spreader. A level spreader is a trench excavated along the

contour and filled with gravel or other permeable material that will

allow turbid water to percolate into the ground. Level spreaders

work best where the surrounding soil is fairly permeable.

Sprinkler Systems. Sprinkler systems use commercially available

sprinklers to apply storm water. Sprinkler systems work well where:

� There is sufficient hydraulic head to distribute the storm water

from sprinkler heads.
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Figure 2.32. Typical land ap-

plication system for storm water us-

ing a perforated pipe laid along a

slope contour as a delivery system.

The length of the distributor pipe is

not to scale. The application area

should be a reasonable distance

from the pond in a stable vegetated

area that can handle the extra water.



� The storm water contains only fine clays that will not clog

sprinkler heads.

� There is sufficient vegetation to prevent erosion at the sprinkler

heads.

Land application systems generally cannot handle the surges in

water volume during a large storm because the storms often occur in

winter when the soils may already be saturated. Assuming that soils

will always accept the storm water can be a serious error. A simple

infiltration analysis can determine the capacity and infiltration rate

of a site’s soils. The design of a land application system should as-

sume that soils are saturated and that existing or planted vegetation

will filter sediments. Concentration of the outflows from a land ap-

plication system should be avoided because it may cause soil erosion

and create problems elsewhere.

Flocculants Flocculants are most commonly used to clean storm-water dis-

charges or water recycled from rock-washing operations. Proper use

of chemical flocculants can reduce the size of settling ponds re-

quired for a given site. Most flocculants are not toxic to aquatic or-

ganisms and fish. However, the supplier or manufacturer and the

state water quality agency should be asked about the environmental

effects of the flocculant chosen.

Most flocculants are composed of high-density (heavy) organic

polymers with a strong positive charge. The positively charged par-

ticles act like a magnet to attract negatively charged clay particles.

The adsorption of clay onto the flocculant speeds settling of smaller

and lighter clay particles. Alum is an inorganic flocculant that works

in much the same way as the organic flocculants.

Chemical flocculants are designed for use with specific types of

clay. The key to using a chemical flocculant is maintaining the

proper mixture of flocculant and pond water and thoroughly mixing

and agitating the flocculant mixture in the pond, making sure not to

overagitate. Flocculants are commonly diluted in a large container

before they are added to the settling pond.

At least two ponds should be used to remove suspended solids.

The first pond should allow slow mixing of the flocculant and the

water to be treated, with a retention time of 20 minutes. The second

pond should ideally retain water for 3 to 8 hours. Alternatively, the

flocculant mixture can be injected into the waste-water stream bef-

ore it enters the settling ponds. Ponds must be situated where they

can easily be cleaned on a frequent basis.

In Washington, a National Pollution Discharge Elimination System

(NPDES) permit from the Department of Ecology is required if

flocculant-treated storm water is to be discharged offsite.

Water Clarifiers Water clarifiers are a mechanical method of separating solids and

water. They consist of a series of closely spaced inclined plates. A

flocculant is injected to assist in separation. These systems are
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widely used as a final treatment for sewage effluent prior to dis-

charge. In some situations, it may be possible to rely on smaller

storm- and process-water ponds if a water clarifier is used. Due to

their initial capital costs, however, clarifiers are not used exten-

sively in the aggregate industry.

Oil Separators Petroleum products can be removed from storm water through the

use of oil/water separators. The precise layout and design is usually

site-specific but two examples are depicted in Figure 2.33. Oil/water

separators take advantage of the fact that oil floats on water. They

collect the oil on the surface of the water while allowing the water to

flow through. The oil collected can be removed by absorbent pads or

skimmed with a bucket. Contaminated absorbent pads and water

should be disposed of according to DEQ rules in Oregon and DOE

rules for Washington.

Keys to effective oil/water separators:

� There must be sufficient surface area to allow the petroleum to

remain on the surface.

� The water velocity and volume must be low enough to prevent

oil/water mixing or overspillage.

� The majority of settleable solids must be removed from the

storm-water stream before it reaches the oil/water separator or

the separator will quickly become filled with sediment.

STREAM BUFFERS Vegetated stream buffer zones (areas that will not be mined, dis-

turbed, or developed) vary in width from site to site. (See Permanent

Setbacks or Buffers, p. 3.4.) Factors usually considered in establish-

ing buffers are the purpose of the buffer, the size of the stream, and

the rate of meander of a stream. The primary reasons to establish and

maintain buffers are to:
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Figure 2.33. Two different

types of oil/water separators used

to remove petroleum products

from storm water. The inflow must

be free of sediment or frequent

cleaning out will be necessary.

The top system uses a clean-out

spigot to remove the oil as it floats

atop the water. The bottom system

uses an absorbent pad to soak up

the oil. Design specifications will

depend on site condit ions and

storm-water volumes.



� Preserve water quality in the stream by filtering sediments

through a vegetated buffer.

� Protect the existing stream or river channel.

� Protect riparian habitat.

�Minimize the potential for turbid water/sediment discharges

into public waters.

�Maintain tree cover over streams to moderate water temperature

to insure fish survival.

� Prevent stream capture or avulsion because of lateral migration

of a river into a pit.

� Protect the habitat of threatened or endangered riparian and

aquatic species.

STREAM DIVERSION Stream diversion can be beneficial to water quality and mine opera-

tions by isolating public waters from the mine activity. To insure the

long-term stability of landforms, a highly technical approach to

stream diversion has been required at large open-pit mines in the

western states where numerous sections of land are being affected.

For aggregate sites in the Pacific Northwest where the scale is sig-

nificantly smaller, a less technical approach is appropriate because

typically only a small portion of the total watershed is being im-

pacted.

Streams can be classified as perennial or permanent (containing

water all year round), intermittent (containing water only at certain

times of the year), or ephemeral (containing water only when it

rains). Technical discussions and research on classification of drain-

ages, drainage density, and reconstruction techniques for reclaimed

mine sites are ongoing and complex.

IMPORTANT: Before diverting any perennial, ephemeral, or inter-

mittent streams, check to see if a permit is needed.

In Washington, contact the Departments of Ecology, Fish and Wild-

life, and Natural Resources.

In Oregon, contact the Departments of Environmental Quality, Fish

and Wildlife, and Geology and Mineral Industries and the Division

of State Lands.

Perennial or
Permanent Streams

Diversion of perennial streams is beyond the scope of this manual

and will not be covered. If a perennial stream must be diverted, the

proper state and local agencies should be consulted.

Intermittent or
Ephemeral Streams

Diversion of intermittent or ephemeral streams is not as critical as

for perennial streams but may still require permits. The basic rule of

thumb is to replace existing drainages and drainage conditions. In

some mines, segments of drainages may be significantly altered,

particularly those located in an upland quarry site. The same channel
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carrying capacity, length, characteristics, and gradient as the origi-

nal stream should be maintained in the diversion.

On quarry sites after mining, channel length may be shortened if

streams are directed over the highwall to enhance reclamation diver-

sity. Channel stability is not generally affected by steepening the

gradient or shortening the channel if the channel foundation is hard

rock. Decreasing channel length or increasing channel gradient on

alluvial or colluvial materials should not be undertaken without

thorough analysis.

If the drainage diversion will be short term, a rock-lined diver-

sion channel may be all that is needed. For diversions that will be in

place for several years, the diverted stream should be shaded, habitat

areas, such as pools and riffles, rootwads or logs (see Fig. 4.12),

should be created, and vegetation should be used to stabilize the

banks (see Biotechnical Stabilization, p. 7.13).
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Operation and
Reclamation Strategies

INTRODUCTION Four general strategies can be used in surface-mine reclamation.

Some mines may use all four of these strategies:

Post-mining reclamation – reclamation only after all resources have

been depleted from the entire mine.

Interim reclamation – temporary reclamation to stabilize disturbed ar-

eas.

Concurrent (progressive or continuous) reclamation – reclamation as

minerals are removed; overburden and soil are immediately replaced.

Segmental reclamation – reclamation following depletion of minerals

in a sector of the mine (Norman and Lingley, 1992).

In Washington, the Department of Natural Resources (DNR) en-

courages segmental reclamation wherever site conditions permit.

In Oregon, segmental reclamation is considered a variant of concur-

rent reclamation. The Department of Geology and Mineral Indus-

tries (DOGAMI) encourages concurrent reclamation wherever pos-

sible.

POST-MINING
RECLAMATION

Reclaiming after all resources have been depleted from the entire

mine is generally discouraged by regulating agencies because it re-

sults in large areas being left unreclaimed for long periods, but it

may be necessary at many quarries and metal mines and at some sand

and gravel deposits (Fig. 3.1).

Advantage

� Complete resource depletion is more easily attainable in some

instances.

Disadvantages

� Stockpiled soils will have deteriorated during the mine’s life

and will not be as fertile as the soils in place.

� Revegetation will probably be more expensive and take longer.

� The site generates negative public opinion for a long period.

� The land is not providing a beneficial use while unreclaimed.

� No reclaimed segments are available as test plots for

revegetation.

� Bonding liability is very high.

INTERIM
RECLAMATION

Interim reclamation is done seasonally to stabilize mined areas or

stockpiles and to prevent erosion. If a mine is to remain inactive for

more than 2 years or if a stockpile, excavated slope, or storage area

needs rapid stabilization, it may be appropriate to temporarily re-

claim it by doing earthwork and using fast-growing vegetation, such
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not possible, and post-mining

reclamation then becomes the

method by default.



as cereal grains or legumes that establish quickly, to stabilize the

site. However, topsoil should not be moved for interim reclamation;

significant amounts are lost each time topsoil is moved. (See The

Soil Resource, p. 3.10.)

Advantages

� Soil viability is maintained.

� Fewer storm-water control structures are needed because the

erosion-prone area is vegetated.

� Air and water quality are improved in the short term.

� Sites that use interim reclamation are often easier to convert

to final reclamation than those that do not.

Disadvantages

� Areas may be redisturbed as plans change.

� Cost may be greater than when material is moved only once.

CONCURRENT OR
PROGRESSIVE

RECLAMATION

Concurrent or progressive reclamation typically involves transport-

ing material from the new mining area to the reclamation area in one

circuit (Fig. 3.2). This is the method used in strip mining minerals

such as coal where a small amount of mineral is mined compared to a

large amount of overburden moved.

Concurrent reclamation is viewed by the public as the preferred

technique. However, progressively reclaiming land that overlies

known mineral resources can be wasteful. Thin soils may render pro-

gressive reclamation impractical or impossible on some sites. It is

also impractical for those operations that must blend different sand

and gravel sizes from various parts of the mine site to achieve prod-

uct specifications.

Advantages

� Soil is immediately moved to the reclamation area.

� Soil and subsoil profile are more easily reproduced than in

other types of reclamation.

�Materials are moved only once.
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Figure 3.2. Concurrent or pro-

gressive extraction and reclama-

tion of a shallow dry pit.

1, removal of topsoil;

2, spreading topsoil on

graded wastes;

3, loading of overburden;

4, hauling of overburden;

5, dumping of overburden;

6, loading of product;

7, hauling of product;

8, reclaimed land.

(Modified from U.S. Bureau of

Land Management, 1992.)



� Disturbance at any given time is minimized.

� Offsite impacts are minimized in any given area.

�Mined land can be reclaimed earlier for agriculture or grazing.

� Bond liability tends to be low.

Disadvantages

� Progressive reclamation is generally not feasible in quarries or

deep gravel deposits.

� Progressive reclamation typically does not work if the water

table is above the excavation depth.

SEGMENTAL
RECLAMATION

In segmental reclamation, the mine is divided into segments with

fairly uniform characteristics and the order of mining and reclaim-

ing these segments is determined (Fig. 3.3). Prior to mining, soil in

the first segment is stockpiled to minimize handling and protect the

resource. After resource extraction from the first segment, its slopes

are reshaped according to the reclamation plan. Soil is then stripped

from the second segment and spread on the slopes of the first seg-

ment.

Revegetation of the floor of the first segment does not occur un-

til the area is no longer needed for mineral processing or maneuver-

ing trucks. Immediately prior to replacing topsoil and planting, the

pit floor is plowed or ripped because most plants cannot grow in

soils that have been overcompacted by heavy machinery. Prompt

planting in the correct season with grasses, legumes, and trees will

quickly produce a cover that reduces erosion, retains moisture, and

moderates soil temperature.

Segmental reclamation works best in homogenous deposits

where aggregate mining proceeds in increments. Typical working

cells or segments will be larger in heterogeneous deposits (for exam-

ple, fluvial deposits) where blending minerals from many places in

the mine may be required (Norman and Lingley, 1992).

Advantages

� Topsoil for most segments is handled only once and is not

stored. This reduces reclamation cost and preserves soil quality.

� Final slope angles and shapes can be established during

excavation rather than as a separate operation.

� Clay and silt, which are critical for retaining the moisture and

nutrients essential for vegetation, are less likely to be washed

away because they are immediately revegetated.

� The potential for establishing a diverse self-sustaining

soil/plant ecosystem is enhanced because revegetation of

reclaimed segments will be monitored as mining continues.

� Restoration of chemical, physical, and biological processes is

less expensive when reclamation is started as soon as possible

and spread over the life of the mine.
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� Reclamation is less expensive because it does not require

mobilization of personnel or equipment for the sole purpose of

reclamation.

� Short-term environmental impacts are reduced.

� Bonding liability at any given time is minimized.

Disadvantages

� Thin soils may render this technique impractical.

� It is impractical for those operations that must blend different

sand and gravel sizes from various parts of the mine site in

order to achieve product specifications.

� Poorly planned segmental reclamation may result in disturbing

more land per unit of mineral produced.

By law (RCW 78.44) in Washington, a segment is defined as a 7-acre

area with more than 500 linear feet of working face. Larger segments

must be approved by DNR in a segmental reclamation agreement.

MINING TO
RECLAIM

Mining the slope to the final contours reduces reclamation costs by

eliminating some of the earthwork necessary for final reclamation.

This can result in reclamation being completed earlier, the perform-

ance security being reduced, and operating costs being lower in the

long run.

SITE PREPARATION Before mining begins, steps must be taken to mark permit bounda-

ries, setbacks, buffers, segments, and storage and processing areas.

Setbacks, buffers, and storage areas should remain undisturbed until

reclamation. Keeping equipment and stockpiled materials out of

these areas will help preserve them. Flagging, fences, or monuments

will alert operators to areas to be avoided. If vegetation is present on

slopes that might be unstable if bare, then those plants should be pro-

tected. Activity near trees and shrubs should be kept outside the area

below the longest branches (or drip line).

Permit and Disturbed
Area Boundaries

Permit boundaries and the limits of the area to be disturbed (permit

boundary minus setbacks and buffers) should be identified with

clearly visible permanent markers. Markers should be maintained

until the reclamation permit is terminated.

Permanent
Setbacks

or Buffers

Permanent setbacks or buffers are necessary at many mines

(Fig. 3.4). They are lands (that may or may not have vegetation) that

remain undisturbed during mining to provide habitat and/or visual

and noise screening.

In Washington, the minimum permanent setback for quarries (mines

in consolidated deposits) permitted after June 30, 1993, is 30 feet.

This area cannot be mined, and the material cannot be used for recla-

mation. Permanent setbacks are not required for gravel pits (uncon-

solidated deposits) but may still be useful if the mine has close
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neighbors or adjacent scenic resources. However, setbacks may still

be required by local government.

In Oregon, mine setbacks are site-specific and designed to provide

lateral support for adjacent lands. Setbacks for the purpose of mini-

mizing conflicting land uses are determined by the local land-use

authority.

Reclamation
Setbacks

Reclamation setbacks are lands along the margins of surface mines

that must be preserved to provide enough material to accomplish

reclamation. If the cut-and-fill method will be used to restore slopes

(rather than mining to a final slope), the reclamation setback from

the property boundary (or permanent setback, where used) should be

wide enough to ensure that sufficient material is available for recla-

mation.

In Washington, the width of the reclamation setback for pits (mines

in unconsolidated deposits) permitted after June 30, 1993, must

equal or exceed the maximum anticipated height of the adjacent

working face.

Note: A setback equal to the working face will provide only enough

material for a 2:1 slope. To meet the standards of the law for slopes

of between 2:1 and 3:1, a setback of 1.5 times the vertical height of

the working face is required.

Setbacks to
Protect Streams

and Flood Plains

Streams and flood plains are dynamic locations that frequently expe-

rience dramatic changes during flooding. They are prone to damage

by, and slow to fully recover from, improperly planned and executed

mining operations. Mining in or near streams and flood plains re-

quires greater care on the part of the operator and is subject to closer

regulation than mining in less sensitive areas.

In Washington, no mine, including haul roads, stockpiles, and

equipment storage, may be located within 200 feet of or on the 100-

year flood plain of a stream that has a flow greater than 20 cubic feet
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Figure 3.4. Buffer strips of na-

tive vegetation protect adjacent

land and water and visually screen

the operation. Note that the flags

marking the limits of the disturbed

area show employees where to

stop mining. (Modif ied from

Green and others, 1992.)



per second unless a Shoreline Permit is issued by the local jurisdic-

tion (Washington Department of Ecology, 1992). Wide setbacks

may be necessary for stream and flood-plain stability to preserve ri-

parian zones and to prevent breaching of the pit at a later date. The

depth of excavation and pit size may be limited in these areas.

In Oregon, mining is not explicitly prohibited on the 100-year flood

plain. Setbacks are site-specific to protect riparian areas and stream

integrity. Depending on flood frequency, bank stability, and the po-

tential for lateral migration of the river channel, wider setbacks may

be required or depth of excavation may be limited.

Conservation
Setbacks

In special instances, setbacks that will not be mined or disturbed

may be necessary to protect unstable slopes, wildlife habitat, ripar-

ian zones, wetlands, or other sensitive areas or to limit turbid water

discharge from areas that will be disturbed.

Topsoil and
Overburden

Storage Areas

Prior to mining a segment, all available topsoil and overburden

should be stockpiled in separate, stable storage areas for later use in

reclamation or immediately moved to reclaim adjacent depleted seg-

ments. Topsoil needed for reclamation cannot be sold, removed

from the site or mixed with sterile soils.

In Washington, topsoil should not be used to create screening berms

required by local government because this may preclude its timely

use for reclamation.

VISUAL AND
NOISE SCREENS

The value of visual and noise screens cannot be overstated. The ad-

age ‘out of sight, out of mind’ is particularly applicable to mine

sites. The more the public can be screened from the unpleasant as-

pects of mining, such as dust, noise, and an unsightly view, the less

likely they are to aggressively oppose mining operations.

The following are some ways to reduce the noise and visual im-

pacts of mining (Figs. 3.5 and 3.6):

� Plan mine development to minimize offsite impacts.
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Figure 3.5. Visual and noise

screening techniques used at a

processing area.



� Use existing topography as a noise and visual screen.

� Store overburden in berms along the site perimeter. Plant

vegetation on them immediately to reduce noise.

� Plant trees and other visual screens—the denser and wider

the better—well ahead of the mining to give them time to

establish before they are needed.

� Plant tree barriers as close to the noise source as possible and

between noise sources and the neighbors.

� Plant trees that will quickly grow tall enough to screen the

mine. Plant shrubs to fill in the gaps, particularly if the

foliage is sparse on the lower parts of the trees. Use

evergreens if the site will be operated year round.

� Reduce noise by placing loud stationary equipment, such as

the crusher, in an excavated area below the surrounding

terrain.

� Surround the crusher with product stockpiles to reduce noise.

� Enclose the crusher in a building.

� Muffle the exhaust systems on trucks and other equipment.

Open File Report 96-2 BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES

VISUAL AND NOISE SCREENS 3.7

Figure 3.6. Visual and noise screening techniques used at a quarry site. Figure 2.11 shows the storm-water control

system at the same site.
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Figure 3.7. Noise levels and hu-

man response for some common

noise sources. (Modif ied from

Barksdale, 1991.)

Projected noise levels

Noise source Measurements 1,000 ft 2,000 ft 3,000 ft

Primary and

secondary crusher 89 dBA at 100 ft 69.0 dBA 63.0 dBA 59.5 dBA

Hitachi 501

shovel, loading 92 dBA at 50 ft 66.0 dBA 60.0 dBA 56.5 dBA

Euclid R-50 pit

truck, loaded 90 dBA at 50 ft 64.0 dBA 58.0 dBA 54.4 dBA

Caterpillar 988

loader 80 dBA at 300 ft 69.5 dBA 63.5 dBA 60.0 dBA

Table 3.1. Summary of noise

measurements and projected

noise levels in decibels (dBA)

for common mining equipment

(Barksdale, 1991)



� Use screens coated with rubber in the crusher, and line dump

trucks beds with rubber.

How Noisy Is It? Figure 3.7 summarizes the noise level, in decibels (dBA), from some

common sources. Table 3.1 summarizes noise measurements for

common mining equipment.

Noise-Control
Methods

Noise-control measures, such as berms and tree barriers, can reduce

the noise experienced by adjacent landowners by as much as

12 dBA, whereas earthen berms with vegetation can reduce noise up

to 15 dBA, depending on the size and configuration of the berms, the

type and density of vegetation, and the distance to the listener.

Visual Screens The least expensive visual screen is the existing topography and

vegetation on the site. Plan to leave large buffer zones of trees and

vegetation between the mining site and nearby roads and buildings.

Narrower buffer screens can be created with vegetation (preferably

native evergreens), walls, fences, or berms, although they are gener-

ally less effective than buffer zones, which rely on distance for their

effectiveness.

REMOVING
VEGETATION

In a well-planned operation, vegetation is removed from areas to be

mined only as needed and is preserved when possible to screen the

site and limit erosion that may result in turbid water discharge.

Disposing of
Vegetation

Grass and small shrubs can be incorporated into the topsoil stock-

pile, and larger material can be chipped and used as mulch or to add

organic matter to the soil. Burial of large volumes of woody debris is

permissible only in areas above the water table because anaerobic

decomposition of woody debris produces nitrates, which can de-

grade water quality. Vegetation should not be buried in areas where

building construction is planned because the soil may settle as the

vegetation decays.

In Washington, a permit from the county health district is required

for burial of more than 2,000 cubic yards of debris. If burning will

take place, a burning permit may be necessary.

In Oregon, a permit from the Department of Environmental Quality

is generally required for burial of debris and may be required for

burning.

Transplanting
Vegetation

Bushes and small trees, together with some surrounding soil, can be

scooped up using backhoes or front-end loaders with tree spades and

transplanted to mined-out segments or areas to be used as screens.

(See p. 7.9.) This technique is a cost-effective means of quickly es-

tablishing a natural appearance in reclaimed segments, introducing

seed trees, and providing screening. These plants are already

adapted to the area. Moving the soil along with the plant protects

rootlets and microorganisms that are important to plant health. Ad-
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ditionally, the soil may contain seeds or shoots of other vegetation,

which may spread across nearby areas.

Using Vegetation
for Habitat

Vegetation that cannot be transplanted live can be set aside (with

leaves, needles, and roots intact) for future use as fish and wildlife

habitat. Placed in ponds, it can provide shelter for small fish, and

collected into piles, it can provide shelter for small animals. (See

Structures That Enhance Habitat, p. 4.12.) Salvaged coarse woody

material, such as logs, should be distributed across a regraded area at

the rate of about 8 tons per acre.

THE SOIL
RESOURCE

Soil is one of the most important components of successful reclama-

tion. Without soil, vegetation cannot be established. A typical soil is

composed of approximately 45 percent minerals (sand, silt, and clay

particles), 5 percent organic matter, and 50 percent pore space for air

and water. Organic matter, air, and water in a soil allow it to support

a tremendous amount of animal and plant life, most of which is in-

visible to the naked eye.

The word ‘topsoil’ is often used to describe a broad range of soil

types. It may refer to high-quality river-bottom loams suitable for in-

tensive agriculture or to the top layer of the soil resource, generally

the most fertile slice.

In Washington, topsoil is defined in the reclamation law [RCW

78.44] as the “naturally occurring upper part of a soil profile, includ-

ing the soil horizon that is rich in humus and capable of supporting

vegetation together with other sediments within four vertical feet of

the ground surface”.

In Oregon, soil salvage requirements are determined on a site- spe-

cific basis.
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Figure 3.8. Soil profile develop-

ment over time. Organic matter ac-

cumulates in the upper horizons,

and the rate of accumulation is de-

pendent on the type and amount of

vegetation present. Clay and the

by-products of chemical leaching

accumulate in the lower horizons.

(Modified from THE NATURE

AND PROPERTIES OF SOILS,

8/E by Brady, ©1974. Reprinted

by permission of Prentice-Hall,

Inc., Upper Saddle River, NJ.)



Soil Development Soils may be defined in terms of soil profile development (Fig. 3.8).

Weathering creates chemical and physical changes in bedrock or

other parent material. Over time, layers or soil horizons develop. A

soil horizon is chemically and/or physically different from the soil

horizons above or below. A soil horizon may be leached of certain

minerals, or it may be altered by the deposition or formation of other

minerals.

Plants decay and contribute organic matter to the top of the soil

profile (topsoil). This is where organic matter accumulates and the

maximum leaching of minerals occurs. Water moving through the

upper soil carries clay and dissolved minerals to deeper layers (sub-

soil).

The conceptual soil profile in Figure 3.9 shows the major hori-

zons in a soil weathered from bedrock. Climate is the most influen-

tial factor in soil formation because it determines the degree of

weathering that occurs. Thin, poorly developed soils are common in
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Figure 3.9. A diagrammatic

sketch of the residual soil profile

that develops over time on a bed-

rock surface. The thickness of the

layers can vary widely within a

mine site and between nearby sites.

No scale is intended here. (Modi-

fied from THE NATURE AND

PROPERTIES OF SOILS, 8/E by

Brady, ©1974. Reprinted by per-

mission of Prentice-Hall, Inc., Up-

per Saddle River, NJ.)



arid areas, whereas thick, well-developed soils are common in wet-

ter areas.

Topsoil can be identified by its dark color and organic content.

It also has a high water-retention capacity. Subsoils commonly con-

tain fewer nutrients. Overburden is the material removed to allow

access to the material that is being mined. At most aggregate opera-

tions, overburden consists of clay and silt that is poorly drained. Ex-

amples include volcanic ash overlying basalt or decomposed rock

that overlies an unweathered rock.

Soil Fertility Soil fertility is created by the recycling of organic matter and the

weathering of minerals. Soil systems continually produce and recy-

cle organic matter through the vegetative cover they support. Organ-

isms in soil convert organic matter (through decomposition) to a

form plants can use. Decomposition of organic matter also produces

fairly strong acids that can react with minerals in the soil to extract

base cations such as Ca++, Mg++ and K+, which are essential for

plant growth.

Unweathered geologic materials and subsoils are typically less

desirable as reclamation media for mined lands because they lack

the organic matter and elevated concentrations of dissolved miner-

als found in more fertile soils.

Soil Types Rocks weathering in place form residual soils. Eolian, alluvial, or

colluvial soils form from weathering of materials deposited by wind,

water, or gravity, respectively. Alluvial soils, although they are gen-

erally young soils with poorly developed soil profiles, are typically

fertile because they include silts and flood deposits containing abun-

dant organic debris.

Soil Inventories The Natural Resource Conservation Service (NRCS, formerly the

Soil Conservation Service) is responsible for classifying, naming,

and mapping the nation’s soil resources. Traditionally the mapping

focus has been on the agricultural suitability and fertility of soils.

NRCS soil surveys also provide information about erosion hazards,

flooding potential, soil stability, and suitability for various uses, in-

cluding drain fields, road building, timber harvesting, and housing

development, as well as information on suitable trees to plant and

potential wildlife habitat and recreational development.

For most areas, Order III soil surveys are available as published

or unpublished maps on a countywide basis. Unpublished surveys

may be available at the local NRCS office; published surveys should

be available at the local library. Order III maps are at a scale of

1:20,000. Boundaries are field checked, but most of the mapping is

done in the office from aerial photographs.

In an Order III survey, soils are grouped into ‘associations’ and

‘complexes’ on the basis of genetic similarities. That is, if soils have

the same parent material and have been subjected to the same soil-

forming processes, they may be grouped together on an Order III
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Survey map, even though the depth of the individual soils in the

group may be significantly different.

For mine development and reclamation, it is important to know

how much soil is present and where it is in the project area. Order I

and Order II soil surveys can provide this information. They are

commonly available for areas of intensive agricultural production

and can be obtained from the NRCS, DOGAMI, or DNR.

On-site soils investigations can be accomplished with a backhoe

or a shovel and a hand auger. If the mine operator is doing the soil in-

vestigation, the NRCS, DOGAMI, or DNR should be contacted for

information about soil types at the mine site and for recommenda-

tions on how to handle them. Understanding the approximate fertil-

ity level of each soil type and different soil horizons will contribute

to wise use of the resource.

REMOVING AND
STORING TOPSOIL

AND SUBSOILS

Topsoil, subsoil, and overburden should be removed separately be-

fore mining and retained for reclamation. Placing several inches of

soil with elevated organic matter over a lower quality subsoil mate-

rial can make a dramatic difference in revegetation success. If ade-

quate soils are not reserved to accomplish the approved reclamation

plan, miners may need to import soil—often at considerable ex-

pense. It is important to ensure that soil resources are protected and

used to their maximum potential, because few mine operations can

afford to import soils.

The pore space in soil is essential for the proliferation of bacte-

ria, fungi, algae, and soil-dwelling insects and worms. One gram of

soil may contain as many as 3 billion soil bacteria. Consequently,

soils must be properly handled and stored to protect both the pore

spaces and soil organisms. Porosity, or structure, can be perma-

nently damaged if soils are stripped when they are excessively wet

or dry. This is a particular problem with clay-rich soils and loams.

Stockpiling aggregate on top of a soil stockpile, compaction caused

by the passage of heavy equipment, burial by overburden, or crea-

tion of large soil stockpiles can destroy the dynamic qualities of a

soil.

Live Topsoiling ‘Live topsoiling’ means placing stripped soil directly onto an area

that has been mined out or backfilled or on a reshaped surface for

reclamation (Fig. 3.10). Soil should be spread with a minimum of

equipment traffic to avoid compaction and protect pore spaces. Be-

cause the soil contains viable seeds and the soil organisms are relo-

cated to the same ecological niche, revegetation can occur within a

short time (Munshower, 1994).

In both Washington and Oregon, live topsoiling is recommended

wherever possible. However, live topsoiling may not be practical,

particularly in quarry operations where concurrent reclamation op-

portunities are limited or where the soil contains noxious or undesir-

able weeds and the site is being reclaimed to cultivated cropland.
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Stripping
and Salvage

Before soils can be stripped and stockpiled, areas to be stripped and

storage areas should be marked. (See Fig. 1.3.) Equipment operators

who are stripping soils by horizon or separating soils from subsoils

should have enough information to identify and segregate topsoil,

subsoil, and overburden. A color change is typically the most obvi-

ous indicator of a change in soil horizons. Soil horizons that contain

a fairly large amount of organic matter can generally be recognized

in the field by their darker color and position at the top of the soil

profile. Another technique is to identify stripping depths on survey

stakes placed on 100 to 200 foot centers. It is best to move the soil

only once. This also reduces operating costs.

By law in Washington [RCW 78.44], topsoil needed for reclamation

cannot be sold or mixed with sterile soil unless specific authority has

been granted in the permit documents. Subsoils capable of support-

ing vegetation must be salvaged to a depth of 4 feet and stored in a

stable area if not immediately used for reclamation.

In Oregon, subsoil salvage depth must be adequate to accomplish

reclamation according to the approved plan.
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Figure 3.10. Topsoil handling

in a four-segment mine. Segment 1

is the first to be mined. Its topsoil

is removed and stored just inside

segment 4. When mining of seg-

ment 1 is finished, topsoil is taken

from segment 2 and place directly

on segment 1 (live topsoiling). The

topsoil from segment 3 is placed

on segment 2. The topsoil from

segment 4 is placed on segment 3.

When mining is completed, the

stockpiled topsoil from segment 1

is used to reclaim segment 4.



Constructing
Storage Piles

Choosing an appropriate method for storage pile construction is also

important. Continually driving heavy equipment over the soil while

constructing scraper-built or end-dump piles can permanently dam-

age soil structure and reduce the pore space essential for micro- or-

ganisms. This type of construction should be avoided.

Soil storage piles should be constructed to minimize size and

compaction so soil organisms can ‘breathe’. Extensive experience

and research have shown that the size of soil storage piles can sig-

nificantly affect soil viability (Allen and Friese, 1992). Soil storage

piles should be no more than 25 feet in height. Available plant mate-

rial such as grasses, shrubs, and chipped tree limbs should be incor-

porated into the piles. However, if large amounts of woody material

are added, soil may become nitrogen deficient.

Soil storage piles should be revegetated. They are good areas to

do test seedings to prepare for final revegetation. To retain soil mi-

crobes deep in the soil pile, it can be aerated by deep ripping,

discing, and tilling every 2 or 3 years.

Recent research (Allen and Friese, 1992) has shown that soil mi-

crobes can be regenerated in sterile soils by spotting live soil

throughout the area and by using inoculated trees and shrubs. Mi-

crobes will spread to other areas in a relatively short time (weeks to a

few months).

WASTE AND
OVERBURDEN

DUMPS AND
STOCKPILES

Large amounts of overburden exist at many mine sites, and opera-

tions frequently create large volumes of waste rock. Dumps and

stockpiles are created to temporarily or permanently store both over-

burden and unwanted material separated from the salable product on

the site, for example, crusher scalpings, oversize material, and reject

fines. During reclamation, overburden and waste can be used to cre-

ate landscape diversity. It is important to plan the location of over-

burden or waste piles so they can be used in reclamation.

Site Selection Dumps and stockpiles can result in landslides and increased sedi-

ment load that may pollute nearby waters if they are not properly de-

signed and maintained. Careful planning is necessary to ensure that

dumps and stockpiles are placed in a geologically stable location,

and that they can be revegetated successfully. Locations next to wa-

terways or springs or seeps will probably not be acceptable. Ideally,

from both construction and water-quality protection standpoints,

these materials should be removed and placed only during dry peri-

ods.

Site Preparation Storage sites for overburden and waste rock should be properly pre-

pared. All vegetation, soil, and subsoil must be stripped from the site

prior to dump construction. Any buried vegetation will rot; this soft

material provides little resistance to sliding and increases the poten-

tial for downslope movement. Slash cleared from the stockpile area

can be used below the stockpile to filter runoff. (See Slash Wind-

rows and Brush Sediment Barriers, p. 2.12.)
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Before overburden is stockpiled, all vegetation should be

cleared, and the drainage for the pile must be prepared. Undrained

and uncompacted fill dumped over vegetation without drainage is

prone to mass wasting and landslides that waste topsoil. Soil placed

over permanent waste piles will promote self-sustaining vegetation.

(See Topsoil and Overburden Storage Areas, p. 3.6.)

Large dumps and stockpiles or those located on steep ground

should have diversion ditches constructed above them (Fig. 3.11B).

(See Contour and Diversion Ditches, p. 2.17.) A blanket drain

should be installed on any slopes where drainage problems are an-

ticipated (Fig. 3.11C). (See also Trench Subdrains and French

Drains, p. 2.20.)

Dump and Stockpile
Construction

Stability is important, particularly for dumps that will become per-

manent features. Both dumps and stockpiles should be constructed

using thin, compacted layers (Fig. 3.11D). Before compaction, lay-

ers may be as thin as 12 to 18 inches. When compacted by rubber-

tired equipment, they will result in a much more stable dump than

one prepared by simply end-dumping or pushing with a bulldozer.

Dumps and stockpiles on hillsides or filling ravines need a prop-

erly constructed toe to key the pile into competent material. The toe

should have a blanket drain to prevent the buildup of water. (See Fig.

6.6.)

Dumps and stockpiles should be shaped to prevent water from

ponding. The top should be sloped to direct runoff to a drainage sys-

tem and to avoid critical areas, or it should be crowned to disperse

runoff around the perimeter. The slopes of the dump or stockpile

should be constructed with appropriate runoff control structures.

The top and overall shape should be rounded off to blend into the

natural topography. (See Slope Stabilization, p. 6.6.)

Most final slopes should be between 2H:1V and 3H:1V. Gener-

ally, the flatter the slope, the more stable it will be and the easier to

access for reclamation. Terraces should be constructed at 30-foot in-
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Figure 3.11. Proper proce-

dures for waste dump construc-

tion. Trees removed from the site

are used to construct a slash wind-

row to filter runoff. A blanket

drain (a French drain that covers a

slope instead of being confined to

a trench; see Trench Subdrains and

French drains, p. 2.20 and Fig.

6.6.) is laid down first to prevent

the buildup of water, and the dump

itself is constructed of thin, com-

pacted layers.



tervals vertically, or other methods of slope shaping should be use to

reduce water velocities.

When shaping is complete, the dump or stockpile should be

seeded and mulched to establish vegetation.

DUST CONTROL Neighbors often complain about dust from mining operations. Dust

is generated by the crusher, rock drills, and other mining equipment,

and from disturbed areas, including haul roads and stockpiles.

In Washington, the Department of Ecology or the local air pollution

control authority has review and permit authority over rock crush-

ers, batch plants, fugitive dust emissions from mining operations,

and haul roads. Contact these agencies for further information.

In Oregon, emissions from on-site processing require a permit from

the Department of Environmental Quality.

Controlling Dust
with Water

Controlling fugitive dust is usually a matter of frequent application

of water or chemicals. Water trucks are typically used for conveying

these liquids. However, sprinklers and irrigation pipe installed in the

berms alongside haul roads can significantly decrease dust without

the expense of using a water truck several times a day.

Controlling Dust
with Chemicals

Chemical dust suppressants, such as magnesium chloride, are appro-

priate where water is in short supply. Most chemical dust suppres-

sants require repeated application. There are numerous chemical

dust suppressants designed for a variety of uses. The local and state

water-quality agency can provide information about appropriate

chemicals and how to apply them.
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Restoring Landforms

INTRODUCTION Land shaping is an important but often underemphasized part of the

reclamation process. Common objectives for land shaping include:

� minimizing erosion,

� reducing slope angles to provide stability for post-mining

development,

� contouring aesthetically pleasing landforms to blend with

the surrounding area,

� forming shapes and slopes consistent with the subsequent

use planned for the site (Fig. 4.1),

� increasing revegetation success, and

� providing diverse wildlife and fish habitat.

SUBSEQUENT USE Reclamation of a mine site, and thus its subsequent use, can be

driven by high land values, zoning, and/or environmental protection

and the state regulations that set minimum standards for reclamation

and water quality.

In urban areas, high land values motivate miners to reclaim for

intensive use. For example, in Portland, Oregon, gravel pits are typi-

cally backfilled with construction waste and developed as building

sites. Building sites can also be developed directly without backfill-

ing. Government-owned sites where the water table is high often be-

come parks with ponds. In rural areas, less intensive uses such as

wildlife habitat, agriculture, or timber production can also be profit-

able. (See Agricultural and Forestry Subsequent Uses, p. 7.17.)

Imagination and careful planning can yield a wide variety of

landforms that make the site better for a specific use than it was prior

to mining. For example, wetlands and fishing ponds can be created

from rock quarries and gravel pits if proper water conditions exist.

Many agricultural sites have been enhanced by selective gravel re-

moval, making them easier to irrigate or till after gravel-rich knobs
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Figure 4.1. The steepness of the final slope strongly influences the intensity of proposed land use for reclaimed mine

sites. Fewer options are available on steeper slopes. (From Green and others, 1992.)
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have been selectively removed from the fields. Mining can level ar-

eas of hilly topography making them more suitable for agricultural

or industrial uses. In eastern Oregon and Washington, many of the

mine sites developed on rangeland are returned to their previous

condition by revegetation, generally with native species.

In Washington, RCW 78.44.031 identifies subsequent use as a crite-

rion for guiding the reclamation scheme, while RCW 78.44.141 sets

forth reclamation standards that must be met for various uses.

In Oregon, the subsequent use of the mined land must be compatible

with the local comprehensive land-use plan.

SLOPE TYPES Profiles of four basic slope types are shown in Figure 4.2. Convex

slopes erode rapidly and yield the most sediment. Concave slopes

are less affected by erosion and typically yield less sediment than

convex slopes. The steepness of the slope is a major factor influenc-

ing the amount of sediment production. Surface-water runoff veloci-

ties are higher on longer, steeper slopes, and more soil particles are

typically dislodged and transported. Sediment production on uni-

form slopes is intermediate between concave and convex slopes.

Long uniform slopes should be avoided because they can be severely

eroded in a single storm event.

� Complex slopes generally produce the least sediment and are

the most stable. Complex slopes are preferred for mine site

reclamation.

CREATING SLOPES Where the goal of reclamation is to restore natural slopes that blend

with surrounding landforms, sinuous slopes that are curved in plan

and section and irregular in profile should be created (Fig. 4.3). Ir-

regular slopes will intercept more runoff and reduce its velocity, trap

seeds, and speed revegetation. Rectilinear slopes should be avoided

because they are prone to sheet erosion and gullying and because

they look unnatural.

Natural-looking topography can be achieved early on through a

well-planned extraction operation and equipment operators who

fully understand the post-mining use of the site. Sinuous slopes can

be formed by mining to the prescribed angles (generally the most
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Figure 4.2. A, profile of common

slope types. B, plan view of differ-

ent stockpile designs. Complex

slopes are preferred.



inexpensive means of reclamation) or by using the cut-and-fill

method, which requires a reclamation setback or material from over-

burden stockpiles. (See Reclamation Setbacks, p. 3.5.) Backfilling

to create appropriate slopes can be the most expensive reclamation

technique when it is done after mining.

A reclaimed site should consist entirely of stable slopes. A rule

of thumb is that slopes are unstable if pioneer plants cannot establish

themselves naturally, if the slopes ravel or show signs of soil creep

and tension cracks, or if landsliding is noted. (See Identifying Unsta-

ble Slope Conditions, p. 6.3.) In general, unconsolidated materials

are stable and can sustain vegetation at slopes of 3 feet horizontal to

1 foot vertical (commonly expressed as 3H:1V) (Fig. 4.4) (Norman

and Lingley, 1992).

For variety, a few locally steeper areas (1.5H:1V to 2H:1V) may

be created (if stable), especially if they mimic locally steeper slopes

nearby. However, steep slopes greatly increase the potential for ero-

sion. Long, steep slopes produce more and faster runoff and allow

less infiltration than a series of short, gentle slopes separated by
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Figure 4.3. A key element in

restoring topography is creating

natural-looking slopes that blend

with the surrounding landforms.

Rectilinear slopes (top) are inap-

propriate for reclamation in un-

consolidated materials. Slopes

should be curved in plan and sec-

tion and irregular in profile (bot-

tom). (Redrawn from Green and

others, 1992.)

Figure 4.4. Slopes are ex-

pressed as the ratio of horizontal

run to vertical rise. This diagram

shows the percent slope of several

common ratios. (Redrawn from

Green and others, 1992.)



benches or terraces. New drainages or contour ditches should be es-

tablished within the reclaimed area to contain the expected surface

water runoff. Any water diverted during reclamation or land shaping

should be directed to the drainage it occupied before mining to pre-

vent drying up or flooding of areas downstream. This water should

have approximately the same velocity, volume, and quality as the

drainage it is entering.

Some guidelines for slope shaping are:

� Slopes steeper than 3H:1V should be kept shorter than 75 feet

by creating breaks in slope, such as irregular terraces, berms,

or basins. (See Figs. 2.3 and 2.4.)

� If the site is to be dry after mining, then pit floors should be

graded to a slope of 2 to 5 percent to promote drainage.

� Some mounds, hills, and depressions can be left on pit floors

to vary the topography for subsequent use (Norman and

Lingley, 1992).

� In the final grading, bulldozers or other tracked equipment

should be run up and down a slope, not across it, to increase

slope roughness (Fig. 4.5). (Older bulldozers are generally

unable to back up sand and gravel slopes steeper than 3H:1V.)

� Final slopes should be revegetated immediately to minimize

erosion.

REGRADING After the land has been shaped, it should be regraded to produce a

rough, irregular surface, particularly on slopes (Fig. 4.5). This en-

sures that replaced soil is keyed into the substrate to slow erosion.

Roads, pit floors, and stockpile areas should be ripped at close

intervals to provide drainage prior to replacing the soil. Placing a
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Figure 4.5. Dozer tracking can reduce

runoff and enhance revegetation. Tracked

equipment should be run up and down a

slope, not across, to increase slope rough-

ness. (Modified from Law, 1984.)



loose, friable soil over a compacted base does not increase soil

moisture-holding capacity, drainage, or slope stability and will re-

sult in inadequate root development and penetration. A good rule of

thumb is that ripper spacing should be less than or equal to the depth

of ripping.

REPLACING
TOPSOIL AND

SUBSOIL

Understanding the soil resources of a site and the post-mining land

use will lead to effective site development, using the best manage-

ment practices for soil replacement. The type of vegetation planned

for reclamation may dictate soil replacement depth. Deeper soils

will be needed for agricultural production or establishing trees, par-

ticularly for timber production. More important than the depth of the

replaced soil is how replacement is done. Soils should not be com-

pacted. The less equipment is run over soils, the better. The most

skilled and experienced equipment operators should be used for soil

replacement—their skill will pay off.

Topsoil should be replaced on slopes as soon as possible after

restoring topography. Soil horizons from stockpiles should be re-

placed separately in the proper order for best use of the resource. Af-

ter the topsoil is spread, it should be tilled to construct a proper seed

bed.

A minimum soil replacement depth of 12 inches of topsoil is

recommended for reclamation for most post-mine uses. Upland sites

may have soil depths, prior to mining, of 6 inches or less. On these

sites, reject soil fines and rock fines produced during rock process-

ing may be used to supplement pre-existing soil resources as a

growth medium. Generally fines would be mixed with organic mate-

rial and put in place before the topsoil is added.

The minimum recommended soil depth for timber production is

4 feet over rock and 2 feet over gravel or soft overburden to establish

an effective rooting depth of 4 feet. Timber growth rates are gener-

ally directly related to the depth of the soil available.

A common problem in reapplying topsoil and subsoil is spread-

ing them too thickly initially so that little is left for remaining areas.

If the volume of topsoil at the site is limited, its application should

be restricted to low areas or excavated depressions that will con-

serve soil, retain moisture, and catch wind-blown pioneer seeds.

These low areas are also ideal sites for planting trees.

Varied soil replacement depths mimic natural soil-forming pro-

cesses and should be incorporated into reclamation strategies where

possible. Thinner layers of soil on the upslope areas and thicker lay-

ers on the lower slopes may naturally encourage different vegetation

types. These parts of the slopes should be planted differently to en-

courage post-mining vegetation diversity.

In Washington, topsoil is defined as the naturally occurring upper

part of a soil profile, including the soil horizon that is rich in humus
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and capable of supporting vegetation, together with other sediments

within 4 vertical feet of the ground surface [RCW 78.44].

In Oregon, topsoil is not defined by law; however, sufficient soil

must be retained onsite for reclamation.

AMENDING OR
MANUFACTURING

SOIL

Where little or no topsoil exists prior to mining, it may be necessary

to amend or even manufacture soils. Amending soil can significantly

reduce the time required for revegetation and performance security

release. (See The Soil Resource, p. 3..)

Reconstructed soils should have the same soil characteristic as

topsoil. Soil characteristics that have the greatest effect on plant

growth are the amount of organic matter, moisture-holding capacity,

drainage, and available nutrients.

Adding
Organic Matter

Organic matter improves both the fertility and physical condition of

a soil. The chief problem with using subsoils for reclamation is usu-

ally a lack of organic matter. Subsoils can be used in place of top-

soils if they are combined with organic products, such as wood

chips, paper sludge, rice hulls, mushroom compost, mint clippings,

farm manure, processed municipal biosolids, straw, or native hay. In

some instances, trading loads of rock for manure and straw from lo-

cal dairies, farms, and ranches may be mutually beneficial. How-

ever, weeds should not imported with the manure or straw. Knowing

the quality of the hay can prevent this from happening.

Quarry sites are generally developed where mineable rock is at

or very near the surface. In these cases, reject fines, scalpings, or

other fine-grained materials can be used to replace topsoil, provided

they are amended with organic matter.

Biosolids and some other soil amendments may not be appropri-

ate at sites near sensitive aquifers or waterways.

A solid waste permit from the local health district may be needed for

application of biosolids, paper mill sludge, manure, etc. In Washing-

ton, contact the Department of Ecology. In Oregon, contact the De-

partment of Environmental Quality or the local health department.

Improving Moisture-
Holding Capacity

In the arid regions of the Pacific Northwest, the moisture-holding

capacity of a soil is often the factor limiting planting success. A

thick soil will hold more water than a thin one, and clay soils will

hold more water than sandy soils. Moisture-holding capacity can be

increased by adding large amounts clay or other fine-grained geo-

logic material or by increasing the thickness of the subsoil. A mulch

layer at the surface also helps conserve water by insulating the soil

against evaporation.

Improving
Drainage

In areas that are not being developed as wetlands, soils that do not

drain well can cause plants to rot. Adding organic matter, sand, or

other coarse materials improves drainage by modifying the struc-
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tural characteristics of a soil. Adding lime or gypsum neutralizes

acidic soils, which usually develop in wet areas.

Using
Fertilizers

Natural Fertilizers. Adding organic matter can improve both the

fertility and physical condition of a soil or fine-grained substitute.

However, it may not provide any short-term fertility benefits and

possibly no long-term benefits unless it is worked into the top

6 inches of soil. The smaller the particle size and the greater the sur-

face area of the fertilizer, the faster it will be broken down by soil

microbes.

The natural range of carbon to nitrogen in soils is 8:1 to 15:1.

Organic amendments that help reclaimed soil achieve this ratio pro-

vide significant benefits. For example, amendments high in carbon

and low in nitrogen, such as wood chips, may require additions of

nitrogen-rich fertilizers (Table 4.1). This is because when an or-

ganic amendment rich in carbon is added to the soil, all the nitrogen

available to plants will be tied up by soil microbes trying to consume

the carbon. Soil microbes need nitrogen to consume the carbon and

can preferentially absorb nitrogen before plant roots can use it. This

means that there will be no nitrogen available to plants until the

carbon: nitrogen ratio has dropped to 8:1–15:1. Therefore, adding

amendments high in nitrogen will help plants grow under these con-

ditions. Amendments in which carbon greatly exceeds nitrogen

should be used sparingly.
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Organic Total Carbon:

Carbon (C) Nitrogen (N) Nitrogen

Material (%) (%) (C:N) Ra-

tio

Sewage sludge (dry weight basis)

Aerobic 35 5.60 6:1

Anaerobic 30 1.90 16:1

Alfalfa hay 43 2.40 18:1

Grass clippings, fresh 43 2.20 20:1

Leaves, freshly fallen 20–80 .50–1.00 40:1–80:1

Peat moss 48 .83 58:1

Corncobs 47 .45 104:1

Red alder sawdust 50 .37 135:1

Paper, mostly newspaper 43 .26 172:1

Hardwood sawdust 50 .20 250:1

Douglas fir

Old bark 59 .20 295:1

Sawdust 51 .07 728:1

Wheat straw 45 .12 375:1

Table 4.1. Nitrogen and carbon content of common organic soil amendments. The natu-

ral range of carbon to nitrogen in soils is 8:1 to 15:1. Organic amendments that help re-

claimed soil achieve this ratio provide significant benefits. (Modified from FERTILIZERS

AND SOIL AMENDMENTS by Follett, Murphy, and Donahue, © 1981. Reprinted by per-

mission of Prentice-Hall, Inc., Upper Saddle River, NJ.)



Chemical Fertilizers. If a quick cover of vegetation is needed to

provide erosion control or if the soil or manufactured soil substitute

is of poor quality, applying a fertilizer is recommended. Organic

matter should be added to achieve a long-term response before seed-

ing directly into soil substitutes. Avoid applying fertilizers in areas

where runoff into streams could occur.

Some research shows that native plants do not respond well to

chemical fertilization, and fertilizers are not generally needed for

the long-term survival of these species. Fertilization tends to depress

plant community diversity by indirectly decreasing desirable native

plant populations such as warm season grasses and legumes. Fertil-

izers tend to give a competitive advantage to opportunistic species

such as annual grasses and herbaceous plants, many of which are

weeds.

RESTORING
DRAINAGE

Where the pit or quarry is mined below the water table or surface

drainage collects on the mined property, productive ponds and wet-

lands can be formed with careful water management.

Where appropriate to the subsequent use, a pond creates addi-

tional plant and habitat diversity, even though it may contain water

only on a seasonal basis. Shallow process-water ponds, as well as

low places on excavation floors and in stockpile areas at upland

sites, can be developed as seasonal wetlands, even in arid areas east

of the Cascades.

Extraction ponds (ponds being mined for gravel) and some up-

land rock pits with a permanent water source make ideal sites for

constructing wetlands if the water table is shallow. Sediment from

washing and screening rock can be deposited to form shallow deltas

that, when combined with the permanent water supply, can easily be

revegetated with wetlands species.

CREATING PONDS
FOR WILDLIFE

Ponds for wildlife habitat should have irregular outlines (Fig. 4.6).

The bottom of the pond should also be irregular so as to offer a vari-

ety of habitat possibilities for plants, bottom dwellers, and fish

(Fig. 4.7). Both water deeper than 10 feet and benches and bars with

water depths less than 2 feet should be provided. As a general rule,

25 percent of the pond should be less than 2 feet deep, 25 percent 2–6

feet deep, and 50 percent deeper than 10 feet. Water deeper than 15
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Figure 4.6. The shoreline of

ponds used for wildlife habitat

should be irregular and planted for

cover with a mixture of open

meadows and shrubs in the sur-

rounding area. The shape of the

pond on the left is better suited to

supporting wildlife than that of the

pond on the right. (Redrawn from

Szafoni, 1982.)



feet can provide a cool summer refuge for fish (Norman and Lingley,

1992).

In-Water Slopes Slopes should be very gentle, 5H:1V or flatter, to allow development

of wetland plant species (Fig. 4.8). In general, the more shallow ar-

eas, the better. Slope variations will enhance the plant diversity in

created wetlands.
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Figure 4.8. Slope variations

will enhance the habitat diversity

of created wetlands. To success-

fully establish wetland vegetation,

seeds and transplants must be

placed in sites with the correct wa-

ter depth. (Modified from Green

and others, 1992.)

Figure 4.7. Plan view and cross section of a well-designed irregular wetland or pond shoreline. Note the large areas

of shallow water. Steep slopes along parts of the shore will discourage the growth of wetland plants and provide clear

access to the pond. Bird nesting sites are provided. The trench discourages predators, but the shallow water offers sites

for food for fish and cover plantings. Islands can be constructed from fill, unmined material, or sediments saved from

digging the trench.



The most economical means of shaping final pond slopes is to

create them as material is excavated (Fig. 4.9). In mines that are be-

ing dewatered while operations proceed, resloping must be done be-

fore allowing the pits to fill with water.

Windward pond shores can be protected from wave erosion by

placing boulders at the range of pond levels.

In Washington, slopes in unconsolidated materials (sand, gravel, or

soil) below the permanent water table should not be steeper than

1.5H:1V. Slopes at the water/land interface should be between

2H:1V to 3H:1V. Solid rock banks must be shaped so that a person

can escape from the water in those places.

Oregon statutes require a 3H:1V slope to 6 feet below the low-water

mark of a pond to provide a means of escape in the event that some-

one were to fall in.

Special Considerations
Near Rivers

Mining sand and gravel near a river can eliminate wetlands and fish

and wildlife habitat, cause channelization of the river, and may even

result in channel capture, if not planned properly. If mining is al-

lowed by local jurisdictions, leaving ponds and depressions can re-

place lost fish and wildlife habitat and wetlands. By locating mining

sites in relatively stable areas of the flood plain and not excavating

overly deep or large pits, reclamation of fish and wildlife habitat can

be done without extensive engineering to ensure river stability.
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Figure 4.9. Islands can be de-

veloped in undrained pits during

operations. They start as peninsu-

las (1), which are then graded to

provide the appropria te f inal

shapes and slopes (2). Channels

can then be dredged to separate the

tips of the peninsulas from the

mainland (3). Step 3 should not be

undertaken until final water levels

are known. (4) Final configuration

of constructed island. (Redrawn

from Michalski and others, 1987.)



A desirable post-mining pond configuration for a gravel pit near

a river is long, narrow, and moderately deep, with irregular islands

and peninsulas. It should be connected to the river on the down-

stream side (Fig. 4.10) (Woodward-Clyde, 1980) to mimic a natural

river system on a flood plain.

BUILDING HABITAT Subsoils, mine waste rock, construction fill, or boulders can be used

to create rock reefs, islands, and other features to provide habitat.

Islands Islands can be formed as part of the mining process or made after the

basic mine shape is in place (Fig. 4.9). If the mine itself consists of

individual cells separated by dikes, portions of the dikes can be re-

moved to create post-mining peninsulas or islands for use as habitat.

If the excavation is dewatered, silt and sand can be compacted or

boulders can be placed on the floor of the excavation to create is-

lands for bird and turtle loafing.

Many small islands are better than a few large islands. They

should range from 0.1 to 0.5 acres if they are meant to provide water-

fowl nesting sites. Smaller islands may provide only resting sites,

and larger islands may encourage predators to take up residence.

Adequate separation of the island from the mainland, with water

depths between them exceeding 30 inches, will discourage preda-

tors. Soil, logs, and rocks should be placed on the island to enhance

habitat diversity.
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island

old gravel pit
valley wall

outlet channel

PLAN VIEW

shallow area

marsh/lowland

CROSS SECTION

buffer

A A�

A

A�Figure 4.10. Plan view and

cross section of a reclaimed gravel

pit with pond shape that mimics a

natural river system. Not to scale.

(Modified from Woodward-Clyde,

1980.)



Irregular islands are better than round islands (Fig. 4.8).

Horseshoe-shaped islands are ideal for waterfowl (Fig. 4.11). The

opening of the horseshoe should be in the lee of the prevailing wind

to provide shelter for young birds. The banks between the prongs of

the horseshoe should be more gently sloped than the outer banks to

increase the sheltering effect.

Structures That
Enhance Habitat

To create cover for fish and habitat for aquatic insects, submerged

and anchored tree crowns can be placed along steep banks (Fig.

4.12). Where possible, logs and stumps should be lashed together

and anchored to form reefs (Fig. 4.13). These lashed materials can be

either placed by helicopter or dragged into place by bulldozer. Root

wads with soil attached also provide ideal cover (Cederholm and

Scarlett, 1991; Cederholm and others, 1988).

Depending on the plan’s habitat objective, branches that stick

out of the water may be removed to minimize roosting by predatory

birds until a robust fishery is established. Alternatively, protruding

branches and logs just breaking the surface may be left to provide

sunning areas for turtles and other amphibians.

Structures that can be constructed in or near ponds to enhance

habitat for wildlife include:

� trees, logs, and root wads lashed together, submerged, and

anchored (Fig. 4.12),
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Figure 4.12. A submerged tree crown, anchored top and bottom, provides cover

where the bank drops off steeply in some parts of the pit. (Modified from Michalski

and others, 1987.)

Figure 4.11. Plan view and cross section of a horseshoe island. (Redrawn from

Michalski and others, 1987.)



� submerged crib structures

(Fig. 4.13),

� piles of angular rock

(Fig. 4.14),

� nesting boxes (Fig. 4.15), and

� nesting poles and snags for

osprey

and cavity-dwelling birds

(Fig. 4.16).

Groups interested in wildlife or

fish habitat enhancement, such as

Ducks Unlimited or Trout Unlimited,

the Boy Scouts (and similar groups), or

schools, can be invited to help in en-

hancing reclamation of a pond by con-

structing nesting boxes, planting wil-

lows, or other activities. U.S. Fish and

Wildlife staff may provide technical

assistance, and the agency may be a

source of potential grants.

Off-Channel Ponds
for Salmon

At mine sites near rivers, off-channel ponds can be connected to

the river by a stable outlet channel that allows access for fish

(Fig. 4.10). The channel, excavated after mining, must be shown on

the reclamation plan. Ponds like these can provide valuable habitat

for salmon (Cederholm and Scarlett, 1991; Cederholm and others,

1988).

The following questions should be addressed in selecting sites

for creating off-channel salmon habitat:

Open File Report 96-2 BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES

BUILDING HABITAT 4.13

Figure 4.14. Piles of rock

provide homes for small mam-

mals. (From Green and others,

1992.)

Figure 4.15. Typical nesting

boxes.

Figure 4.13. A submerged crib structure provides habitat for aquatic insects and

cover for fish that feed on them. Rocks are used to anchor the crib in place. (Modi-

fied from Michalski and others, 1987.)



� Is the section of river or stream near a site used in any way by

salmon? Is any part of the whole river or stream used for

spawning, travel to spawning areas, or for rearing of fry?

�Will the depth of excavation be compatible with final off-

channel habitat (that is, not too deep for spawning, but deep

enough to provide cold-water habitat)?

� Is the potential mine site stable? Or is it prone to capture during

floods and by lateral migration of the river?

� Is the substrate of the excavation going to be suitable for the

habitat desired?

� Is there sufficient water circulation to provide oxygen and keep

the water cool?

� Can an outlet channel be connected to the river where it can be

easily found by migrating fish?

The Oregon or Washington Department of Fish and Wildlife should

be consulted before undertaking any off-channel pond creation

project.

Outlet Channels Outlet channels allow fish to enter and leave the off-channel ponds.

They are integral parts of off-channel habitat and should mimic

natural river sloughs whenever possible. In some situations, a weir is

necessary to control the water level in the outlet channel and ponds.

Outlet channels should join the river system where fish are

likely to notice them—for example, near a pool or eddy where fish

tend to rest. Riffles or fast water areas are less desirable outlet sites

because fish may not find the outlet, and it may be left high and dry
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Figure 4.16. Snags make good

nesting sites for cavity- dwelling

birds. (From DeGraaf and Shigo,

1985.)



during low water. Joining an outlet channel to an existing tributary

or slough instead of the river is a good strategy where feasible.

FORMING
WETLANDS

Natural wetlands can be defined in terms of three broad environ-

mental indicators: soils, hydrology, and vegetation. The viability of

created wetlands can be enhanced by addressing these three ele-

ments in the reclamation plan.

Soils Soils are essential to vegetation, both above and below the water sur-

face. In creating wetlands, pond banks and bottoms should be cov-

ered with at least 12 inches of fine materials that have a large clay

component to help seal the bottom of the pond. In some places, pro-

cess fines can be substituted for soils; however, they are less desir-

able than native soil because they are less fertile. Material routinely

removed from roadside ditches may be a good source of wetland soil

and vegetation if it is not contaminated with oil and grease. If any

wetlands on the project are disturbed, that soil should be used in new

wetland creation.

In Washington, a solid waste permit from local jurisdictions may be

necessary for disposing of material acquired from ditch cleaning.

Hydrology A wetland must have water present at least seasonally. A common

reclamation challenge at many mine sites is the seasonal fluctuation

of the water table. The highly permeable nature of sand and gravel

creates a situation where vegetation on pond banks is inundated dur-

ing the wet season and high and dry during the summer. This results

in a zone, similar to that found along reservoirs, in which upland and

wetland plants will not readily grow. Here are some ways to reduce

water fluctuation and the related adverse effects:

� Seal the bottom of the pond and the downstream banks with

clay-rich material. This can happen naturally over time, but it

may take many years.

� Reduce bank slopes to 5H:1V or flatter to allow a more

gradual transition from the wetland to upland environment.

� Install a head-gate or weir at the outlet of the pond to retain

water.

� Anchor jute netting or some other organic mulch fabric over

the bank slopes to capture fines and retain soil moisture.

Vegetation Wetlands are characterized by many plant species that do not grow

in upland areas. Most created wetlands in western Washington and

Oregon will develop a wetland community on their own if condi-

tions are hospitable and given enough time. Willows, cattails, and

other wetland plants will often volunteer on the site in a year or two.

To speed the reclamation process, however, suitable species can be

obtained from nearby sources or purchased for planting.

Propagating wetland species can be difficult and can, in some

places, produce a plant community composed of only a few species,
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that is, far less diverse than natural populations on undisturbed sites.

The best way to establish a diverse community is to transplant soils

and plants from an existing wetland, particularly one that is being

eliminated by mining. Care must be taken when planting nursery

stock to replicate as nearly as possible the plant community sur-

rounding the site being reclaimed.
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Reclamation Techniques
for Quarries

HIGHWALL
AND BENCH

RECLAMATION

Many quarry operations create benches and highwalls composed of

solid rock. Shaping the tall rock faces and engineered benches cre-

ated during production blasting can be difficult. Vertical cliffs may

be incorporated in the reclamation landscape if natural cliffs exist in

the area of the mine. The extent and types of cliffs present should be

shown on maps and cross sections submitted in the permit applica-

tion.

Primary reclamation concerns for these areas are stability and

aesthetics. Some post-production blasting may be necessary to

break up linear features. The effects of blasting the highwall should

be carefully considered when preparing both the operating and rec-

lamation plans. If blasting is contemplated, seek the help of a quali-

fied professional before proceeding. A poorly designed blasting

plan can result in unsafe conditions that are difficult and expensive

to fix.

Public access and safety should also be addressed as part of the

reclamation plan wherever steep cliffs are to be left. After mining, a

bench or berm may be needed at the base or top of steep highwalls to

catch falling rock. Placing a berm at the top of the quarry or a 10-

foot-high by 15-foot-wide bench near the top will improve safety by

discouraging access and reducing the likelihood of injury due to fal-

ling.

Where adequate moisture is present (west of the Cascade

Range), wide benches may be revegetated. Benches to be revege-

tated should slope toward the highwall to trap moisture and soil.

(See Fig. 2.4.) They should also slope gently to the side to promote

drainage. Enough soil should be placed on the bench to support the

proposed vegetation.

West of the Cascades, trees planted on benches may eventually

break up the line of the face, although it may take years before

benches are screened from view, even in smaller quarries. Revegeta-

tion may not be a viable reclamation technique in dry areas, larger

quarries, and open pits unless combined with other methods dis-

cussed in this chapter. In arid areas east of the Cascades, bench re-

vegetation will probably not obscure linear features.

Several methods of reclaiming quarry walls are effective in

achieving stable slopes and preparing the site for the proposed sub-

sequent land use. Excavated quarry slopes are generally more stable

than fill slopes. However, once a material is blasted, it is no longer

considered consolidated and must be reclaimed to a shallower angle,

depending on the nature of the rock.
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RECLAMATION
BLASTING

Reclamation blasting is a fairly new technique. The amount of frac-

ture desired often differs from that for production blasting. Chutes,

spurs, scree slopes, and rough cliff faces can be intentionally created

by strategically placed blast holes (Fig. 5.1) (Norman, 1992; Coppin

and Bradshaw, 1982). Because few people have the field experience

necessary for this type of blasting, the use of a contractor familiar

with this technique is recommended.

Highwalls Selective blasting produces a natural appearance and stabilizes a

site. Selective blasting can be used to modify benches, break up lin-

ear features, and blend highwalls with their natural surroundings.

Proper blasting of highwalls leaves rough surfaces that can provide

nesting and perching habitat for birds (Fig. 5.2). However, the rough

surface should be free of loose rock.

Reclamation blasting that reduces the entire highwall to a scree

or overburden slope is essentially a cut-and-fill method. This tech-

nique can be used only where there is sufficient material remaining

in a setback behind the quarry face to create the desired slope. Blast-

ing for this purpose will not be possible if the operator has mined to

the permit boundaries.

The highwall profiles of Figure 5.3 show two conceptual blast-

ing patterns for reclamation. In 5.3A, vertical holes are drilled

across the bench floor. The outermost row of holes is only lightly

charged to minimize flyrock and keep the blasted material on the

slope. Most of the rock fracturing is done by the explosives in the
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Figure 5.2. Proper blasting of

highwalls leaves rough surfaces

that can provide nesting and perch-

ing habitat for birds. (From Green

and others, 1992.)

Figure 5.1. Blast ing at the

holes shown in the left sketch can

create scree slopes (right), which

may then be stabilized by plant-

ings.



rows farther back from the face. The blasthole design of Figure 5.3B

uses horizontal blast holes. PVC pipe can be inserted into the drilled

holes to keep them open and serve as a water drain. The final pit con-

figuration must allow for access to the drilled holes for loading with

explosives.

The final choice of blast pattern, delays, stemming depth, etc.

depends upon the rock type, structural geology, blasting agent, and

other highly variable conditions that cannot be addressed in this

manual. Although this method can be less expensive than backfill-

ing (Thorne, 1991; Petrunyak, 1986), the operator has only one

chance to get it done right. Doing proper research and consulting ap-

propriate experts before starting reclamation blasting cannot be

stressed enough.

After the blasting is completed, topsoil and overburden stored

above the final slope can be pushed onto the blasted rubble to pro-

mote revegetation. For quarries in which there are multiple benches,

the final slope will approximate the overall slope of the benches.

Proper setback must be accounted for from the lowermost bench to

the uppermost one.

Benches If selective blasting of benches is impractical or dangerous, other

reclamation methods may be necessary, such as leaving wide

benches that can be revegetated or pushing rock over the side of the

pit to hide the benches (Fig. 5.4).

MINIMIZING
OFFSITE IMPACTS

Minimizing offsite impacts from blasting is in the best interest of

both neighboring landowners and mine operators. It can reduce liti-

gation and negative publicity for a project. All blasting should be

done by professionally trained and certified experts. Blasting tech-

niques have improved dramatically since the days of black powder

fuses and dynamite. Vibrations, noise, and fly rock can be greatly re-

duced when proper techniques are employed.

Causes of
Damage

Vibrations from the blast may damage nearby structures and resi-

dences. A blast creates a wave that travels through rock and uncon-
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Figure 5.3. Conceptual blasting

patterns for obliterating quarry

benches.



solidated materials. When the wave arrives at nearby structures, it

can cause them to vibrate. Sound waves from the blast, transmitted

through the air, are usually more detectable by humans, but it is the

back and forth movement of the ground wave that causes the dam-

age, not the accompanying sound. The amplitude and intensity of the

ground wave are determined by the number of pounds of explosive

detonated at one time. Most problems can be avoided when the

amount of explosive is minimized and the blast is properly timed.

Vibration Effects
Under Various

Conditions

Unconsolidated material will vibrate more strongly in response to

the ground wave than will competent rock. All other factors being

equal, the potential for vibration damage is greater if a structure is

built on fill, sand, dirt, or other unconsolidated material than if it is

built on compacted material or competent rock. The more competent

the material, the less movement will occur.

The way the structure is built can also have an effect on the kind

and amount of damage. A structure with a concrete slab floor usually

develops more cracks than one with a perimeter foundation built on

solid rock.

Pre-Blast
Survey

In order to establish pre-blast conditions at nearby residences, a pre-

blast survey should be performed by an outside specialist rather than

by a member of the organization doing the blasting. Typically, after

a blast has taken place, owners of nearby structures will find cracks,

settlement, and displacement, all of which were pre-existing, but

never noticed. All structures within any possible damage range must

be thoroughly surveyed before any blasting is done.

The importance of a pre-blast survey of all surrounding struc-

tures cannot be overstated. The lack of a proper survey by a qualified

specialist is an open invitation to lawsuits. Without a survey, the

damage could be real or imagined, but an expensive lawsuit will be

required to establish liability.

Use and Placement of
Vibration-Measuring

Equipment

The blast contractor should monitor the blasting with vibration-

measuring equipment, but the equipment should be placed and the

results read by a qualified independent third party. Monitoring
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benches and on a fractured quarry

floor will prepare the site for re-

vegetation.



equipment that provides an immediate printout is generally better

than equipment requiring post-blast data manipulation and interpre-

tation because the results are available immediately and cannot be

changed once recorded.

Blasting Plans
and Logs

The mine operator should require a blasting plan and blasting logs.

Blasting plans are prepared before the blast. Blasting logs are made

on the site as each hole is primed, loaded, stemmed, wired, and con-

nected to the circuit. Blasting logs must accurately describe the

work on each hole and must be kept for 2 years after the work is com-

pleted in case they need to be referred to later.

BACKFILLING Quarries located in populated areas should consider total or partial

backfilling when it is economically feasible (Fig. 5.5). Advantages

of backfilling include reducing slopes, increasing post-mining prop-

erty values, and reducing safety hazards. (See Chapter 4.) In urban

areas, many quarry sites are backfilled. If buildings or other struc-

tural improvements are to be placed on top of the old excavation, the

backfill material must be structurally sound and stable. Dumping fill

material over the highwall can also help disguise the linear benches.

If overburden or waste rock is strategically placed, backfilling may

be done with a short push or haul.

Fill Materials In some quarries, operators will decide to rebuild slopes after all

rock is removed by:

� concurrent backfilling using overburden mined elsewhere on

the site,

� bringing in fill material from construction projects offsite,

and

� retaining enough overburden or mine waste for resloping

after completion of mining.

Overburden should be stored where it can be readily and economi-

cally moved into position during reclamation. Mining plans should

take the backfill process into account. Operators need to be sure

there is enough onsite material or identify a likely source.

If fill is accepted from construction sites, a monitoring plan

should be established by the operator to prevent disposing of hazard-
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Figure 5.5. Quarry slopes that

are backfi l led should be com-

pacted so that the final slope is sta-

ble; a 3H:1V angle (with terraces,

if it is long) generally results in a

stable slope. Topsoil should be

spread over the compacted slope to

make revegetation possible.



ous or unapproved material on the site. Local permits from health

departments may be necessary before importing fill.

Fill Slopes Stability and erosion control are primary concerns for slopes created

by backfilling. Backfilled slopes may be prone to erosion and gully-

ing if they are smooth, planar, and long. (See Creating Slopes, p. 4..)

As slope length and steepness increase, runoff velocity and soil ero-

sion also increase, and infiltration decreases. Careful location of

drainages and water-control features enhances slope stability and re-

vegetation potential (Banks and others, 1981; Washington Depart-

ment of Ecology, 1992). (See Chapter 2.)

Temporary protection of bare slopes from rain or snow-melt

runoff may be necessary if backfilling occurs over a long period and

if establishing permanent vegetation must be delayed. Temporary

protection can include covering the slope with plastic sheeting or

mulches or matting and seeding with grasses. (See Chapter 2.)

A final slope angle of 2H:1V to 3H:1V is recommended. The

gentler the slope, the easier soil application will be and the more

quickly vegetation will establish. Backfilled slopes may require

compaction to ensure stability.

DRAINING
PIT FLOORS

If wetland creation is not part of the reclamation plan, pit floors can

present special drainage problems. There are two basic ways to im-

prove drainage in quarry floors: blasting and ripping.

Blasting Impermeable pit floors of solid rock can be blasted to fracture the

rock so that water can drain slowly from the site and roots can pene-

trate (Fig. 5.4). The least expensive way to blast the pit floor is to
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paction of pit floors is typically ac-

complished with rippers mounted

on heavy equipment.



drill an extra 10 feet on the last production shot and leave some of

the fractured material in place.

Ripping Ripping or decompaction is typically accomplished with rippers

mounted on heavy equipment (Fig. 5.6). Rippers consist of a vertical

shank or shanks that can shatter compacted or hard areas to depths of

7 feet. Before ripping or tilling compacted mine wastes or soils, at

least one backhoe pit should be dug on the site to determine the

thickness of the compacted zone, thus the depth of tilling. As a rule

of thumb, ripper spacing should be less than the depth of ripping.

If soil is replaced using equipment with rubber tires, discing,

plowing, or shallow ripping may be necessary to loosen the soil to

create seedbeds and suitable substrate for ground cover or trees.

In locations where topsoil is minimal or absent and ripping is

not possible, selective drilling and blasting may improve revegeta-

tion success. A basalt quarry in Australia achieved 85 percent sur-

vival of tree seedlings after four years by blasting 7-foot-deep holes

into the pit floor (Rock Products, 1995). This technique fractures the

rock, provides a moisture trap where roots are able to penetrate, and,

if ammonium nitrate explosives are used, may provide some residual

nitrate to stimulate plant growth.
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Landslides and Slope Failures

Many upland mining sites are situated in terrain that has potentially

unstable slopes or is already unstable. Construction of spoil dumps,

stockpiles, and mine cuts can destabilize areas that were stable prior

to mining. If mines are located in potentially unstable areas, such ar-

eas should be identified before mining, and the mine plan should be

developed so as to minimize risk to the environment. Common

mining-related causes of landsliding are:

� removing the toe (support) of the slope,

� saturation of unstable slopes due to poor water management

(such as constructing a pond on a slope),

� placing waste rock over vegetation on steep slopes causing

failure as the vegetation rots,

� adding weight to an unstable slope, and

� placing weight (generally overburden) on an unstable area.

Landslides do not recognize property lines. Conditions on adja-

cent property may be ‘causing’ the slide on the mine site, and slides

occurring on the mine site may damage adjacent properties. If stabil-

ity is a concern or major faulting is encountered, a geotechnical con-

sultant should be involved in mine planning.

TYPES OF SLOPE
FAILURES

The movement of soil and rock under

the influence of gravity is called mass

movement or mass wasting. Rockfalls,

slides, earthflows, slumps, soil creep,

raveling, and (more commonly) combi-

nations of flow types are all forms of

mass movement that can occur at mine

sites.

Rockfalls Rockfalls travel most of the distance

through the air (Fig. 6.1). Movement is

extremely rapid and includes free fall,

tumbling, and rolling of fragments of

bedrock or soil. Rockfalls may occur in

a mine as pressure is released on the

free face.

Slides Slides move along one or more zones of

weakness. Movement along the failure

surface may be rotational, as in a slump, or translational along a

more or less planar surface (Fig. 6.2).

Live tree roots contribute to holding the soil together and help

tie the upper soil horizon to the subsoil. Runoff and surface erosion,

when combined with a decrease in tree-root tensile strength caused

by stripping vegetation and soil, have contributed to many land-
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ers, 1991.)



slides by removing the slope support. Scars from debris slides (shal-

low soil slips) may commonly be seen on steep slopes that have been

stripped of vegetation. Removing the toes from steep slopes such as

on talus, sand and gravel, or clay deposits can result in a landslide.

Earthflows Earthflows, composed of soil and rock, move slowly downslope as a

viscous fluid. The amount and rate of movement vary according to

the particle size and water content of the earthflow. Clay-rich zones

are especially vulnerable to plastic flow when saturated. If enough

water is present, the material can ‘liquefy’, causing an earthflow.

Slumps In a slump, the movement is rotational, producing a bowl-shaped

failure surface. Slumps and slump-earthflows typically leave behind

a steep scarp that is itself vulnerable to further slumping. Slumps

also commonly occur in areas underlain by till and/or glacial lake

deposits, both of which are vulnerable to failure when they are satu-

rated.

Soil Creep Soil creep is the very slow (inches per year) downslope movement of

surface materials (Fig. 6.3).

Raveling Raveling is downslope movement of particles and commonly occurs

on sand and gravel slopes that are too steep. Reclaimed slopes of

2H:1V to 3H:1V usually do not ravel.

ANATOMY OF
A LANDSLIDE

Most landslides are combinations of several kinds of slope failure.

The method of failure may be different in different parts of the slope.

A landslide, in this case a slump-earthflow (Fig. 6.4), has the follow-

ing parts (Varnes, 1978):
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called a slump-earthflow. (Modi-

fied from Chatwin and others,

1991.)



Main scarp – A steep surface separating the undisturbed ground

from the slide mass, caused by the movement of slide material away

from undisturbed ground. The projection of the scarp surface under

the displaced material becomes the surface of the rupture.

Minor scarp – A steep surface in the displaced material produced by

differential movements within the sliding mass.

Head – The upper part(s) of the slide material along the contact be-

tween the displaced material and the main scarp.

Toe – The lower margin of displaced material most distant from the

main scarp.

Crown – The material that is practically undisplaced and adjacent to

the highest parts of the main scarp.

IDENTIFYING
UNSTABLE SLOPE

CONDITIONS

Regardless of the cause, instability can often be identified in the

field through careful observation. Tension cracks, hummocky to-

pography, springs and seeps, bowed trees, abrupt scarps, and toe

bulges are all readily observable indicators.

Tension Cracks Tension cracks, also known as transverse cracks, are openings that

can extend deep below the ground surface (Fig. 6.4). Tension cracks

near the crest of an embankment or hillside can indicate mass move-

ment. However, cracks may occur anywhere on the slide. They are

perpendicular to the direction of movement and are typically con-

tinuous in a pattern across the width of the landslide. Tension cracks

can fill with water, which lubricates the slide mass and may cause

additional movement. Correction of slope failures must include pre-

venting surface water from reaching tension cracks.
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lead to and indications of soil

creep. (Modified from Chatwin

and others, 1991.)



Hummocky
Ground

Hummocky ground can indicate past or active slide movement. A

slide mass has an irregular, undulating surface (Figs. 6.2 and 6.3).

Displaced and
Distorted Trees

Vegetation, particularly trees, records the downslope movement of

soil. Trees may be uprooted and may lean in a variety of directions

(jackstrawed trees) as their roots are broken or moved in a rapid slide

movement (Fig. 6.5). Bowed tree trunks may indicate soil creep;

trees attempt to remain upright as the soil moves slowly downslope

(Figs. 6.2 and 6.3).

Springs
and Seeps

Ground water that collects at the contact between permeable layers

that overlie relatively impermeable layers or rock strata dipping

with the slope can cause instability. Carefully investigate springs,

seeps, and areas of lush vegetation. Alder, horsetail, devils club,

cow parsnip, and skunk cabbage typically grow in wet sites.

Scarps Fresh scarps are a clear sign of recent slope failure (Fig. 6.4). Older

scarps may be covered by vegetation and hard to identify. The pres-

ence of several scarps can indicate several active failure surfaces or

movement downslope along a larger failure surface.
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of slumps and the effect of cutting

and filling on the stability of short

slopes. (Redrawn from Burroughs

and others, 1976.)



Toe Bulge The toe of a slide commonly bulges out onto the more stable ground

surface below the slide (Fig. 6.4). A toe bulge often gives the appear-

ance of a mud wave displacing trees and vegetation in its path. The

bulged toe should be noted in the site inventory along with the other

slide features to define the size of the failed area. Removing the toe

may reactivate the slide mass.

SURFACE
DRAINAGE

CONTROL IN
UNSTABLE AREAS

The quantity and distribution of water in a slope, whether it is a slide

mass, overburden, or soil stockpile, greatly influences its stability.

Water saturation builds up pore pressure, which causes an increase

in downhill-directed forces (Fig. 6.5). This increases the weight (in-

creases driving force) and particle lubrication (decreases resisting

forces). Slope failure can occur when more water is present in the

soil than the pore spaces can accommodate.

If motion on a slide at the mine site responds directly to rainfall,

surface drainage improvements may decrease slide activity. Control

of surface drainage, by itself, is seldom sufficient to stop landslides,

because rainfall from outside the site can eventually show up as

ground water in the slide. Surface drainage improvements are typi-

cally combined with other abatement techniques. (See Chapter 2.)

When soils, subsoils, and geologic material are excavated,

drainage paths through the pore spaces are disrupted. Therefore,

drainage control may be needed for constructed permanent and tem-

porary storage or disposal piles and reclaimed slopes that are created

by backfilling.

Listed below are techniques for improving slope drainage. (See

Chapter 2 for specifics.) These techniques may not stop landsliding

altogether, but they may prevent a slide from becoming worse:

� To improve slope stability, lower the water table by

providing more drainage. Adequate drainage prevents water

saturation and the build up of pore pressure.
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Figure 6.5. Forces acting on slide

masses and large stockpiles. A repre-

sents a slide mass saturated with water.

It has both low resisting force and high

driving forces (weight). B represents a

stabilized slope after the water table has

been lowered or the water has been re-

moved using drainage methods.



� Berms and ditches should be built above and along the

unstable slope to intercept and divert overland flow. They

should be lined or sealed to prevent infiltration.

� Slopes adjacent to the slide mass should be graded to direct

overland flow away from the slide area.

� The area above a slide should be crowned or sloped so that

surface water is directed away from the slide and graded so

water does not pond.

� Where drainage must cross an unstable slope, using a pipe

should be considered.

� Avoid concentrating water on spoil dumps or natural slopes,

thereby reducing their stability. Concentrated surface flows

near slides should be handled in ditches lined with

impermeable fabric, if necessary. (See Fig. 2.16.)

� If a slide area is to be regraded, the regrading should not

produce a depression in the slope that could pond or

concentrate water.

� If a slide is triggered, benches or cross-slope ditches should

be used. They should be sloped and lined to move water away

from the slide area.

� As part of grading operations, any exposed tension cracks

should be sealed and compacted to prevent infiltration, then

seeded to prevent erosion.

SLOPE
STABILIZATION

Toe, blanket, chimney, and other types of permanent drains

(Fig. 6.6) can help prevent saturation of a constructed slope. The

minimum thickness of an underdrain or rock blanket should be

3 feet, because fines will eventually migrate into this zone. The

drains should be thick enough to keep running freely for a long time.

In some cases, a geotextile liner should be used to insure that the in-

tegrity of the drain is not compromised by soil movement.

Slope length and height may require construction of cross-slope

drains to intercept runoff without creating gullies and erosion. Grad-

ing to break up long slopes and creating berms, furrows, and terraces

will compartmentalize the runoff. The more landscape diversity that

is incorporated into the final grading, the less a site will need cross-

slope drains to ensure stability.
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blanket, and chimney drain con-

struction shown in cross section.

(See also p. 2..)



SLOPE FAILURES
ABOVE THE MINE

Overburden failures above mine cuts can be a problem if proper

slope angles are not maintained above the rock face. If the contact

between the overburden and the rock dips toward the highwall or

open face and the overburden slope is near vertical or steep (1V:1H),

a failure is likely. To prevent this from occurring, operators should

make sure the overburden cut has a gentle slope and is well drained.

REFERENCES Burroughs, E. R., Jr.; Chalfant, G. R.; Townsend, M. A., 1976, Slope stability in

road construction—A guide to the construction of stable roads in western Ore-

gon and northern California: U.S. Bureau of Land Management, 102 p.

Chatwin, S. C.; Howes, D. E.; Schwab, J. W.; Swanston, D. N., 1991, A guide for

management of landslide-prone terrain in the Pacific Northwest: British Co-

lumbia Ministry of Forests Land Management Handbook 18, 212 p.

Varnes, D. J., 1978, Slope movement types and processes. In Schuster, R. L.;

Krizek, R. J., editors, Landslides—Analysis and control: National Academy of

Sciences Special Report 176, p. 11-33. �
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Revegetation

INTRODUCTION Mines west of the Cascades in Washington and Oregon are fairly

easy to reclaim because they typically have deeper soil horizons due

to abundant precipitation. Mined areas east of the Cascades are more

difficult to reclaim because soils are thinner, the region is drier, and

temperatures are more extreme. Therefore, successful revegetation

in the eastern part of the state is more dependent on proper plant se-

lection, appropriate timing of planting, adequate fertilization, pres-

ence of organic matter in the soil, and irrigation.

West of the Cascades, even though revegetation can be accom-

plished without separately salvaging and replacing the soil because

of the abundant moisture, species diversity will be limited until a

soil horizon rebuilds, and this may take decades. Additionally, plant

vigor may quickly decline after the first planting if ample amounts

of organic matter are not provided or supplemental chemical fertiliz-

ers are not added to initiate the cycle of plant growth, decomposi-

tion, and nutrient recycling. Amounts of fertilizer should be based

on site-specific needs determined by soil tests. (See Amending or

Manufacturing Soil, p. 4.6.)

Natural plant communities develop through a succession from

pioneer species to climax species (Fig. 7.1). Pioneer species are ag-

gressive and tend to grow rapidly to fill disturbed areas, whereas cli-

max plant communities develop over longer periods and tend to be

slower growing. Each phase in the plant succession prepares the

ground for the next. Nitrogen-fixing legumes, shrubs, and trees may

play a crucial role in soil reconstruction.

It is tempting, particularly with trees, to plant only climax spe-

cies (for example, Douglas fir) even if the ground is not fully pre-

pared. However, natural communities develop slowly in a succes-
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sion. Mimicking this progression during reclamation is impractical,

but planning a phased succession for both ground cover and trees

will establish a good climax mix (Norman and Lingley, 1992).

Grasses may be appropriate as either quick pioneer soil builders

under developing woodland or as climax species for rangeland. Pio-

neer trees will act as fast-growing nurse trees for slowly maturing

forest trees that find it difficult to establish in disturbed ground or in

areas with no canopy.

Revegetation is important because it:

� reduces erosion,

� reduces storm-water runoff,

� provides habitat and forage for animals,

� reduces visual and noise impacts,

� reduces reclamation liability, and

� increases the value of property by returning it to agriculture,

forestry, or other beneficial use.

Note: While vegetation significantly reduces erosion, it cannot pre-

vent slippage of a soil that is not stable due to improper placement

techniques. For example, soil placed on steep slopes requires addi-

tional stabilization techniques to ensure revegetation success. (See

Chapter 6.)

SPECIAL
PROBLEMS AT

MINE SITES

Plants need fertile soil, sunlight or protection from the sun, and wa-

ter to thrive. Mining often removes fertile soil. (Salvaging and re-

placing soil is discussed in The Soil Resource, p. 3..) Even in the best

of conditions, plant growth cannot be guaranteed immediately after

mining. Mine sites generally offer harsh conditions that make it dif-

ficult to establish vegetation. Some common problems affecting re-

vegetation are:

� high surface temperature (especially on south-facing slopes),

� steep slopes,

� poor water retention,

� lack of adequate soil,

� erosion before seedlings establish,

� only limited periods during the year suitable for seeding,

� lack of water

� poor conditions for germination,

� slopes inaccessible to equipment, and

� grazing impacts.

By being aware of these potential problems, an operator can im-

prove the quality of reclamation and save money by being successful

on the first attempt. Revegetation early in the reclamation process is

critical because it may take several seasons to establish widespread
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healthy vegetation. For example, by planning ahead and choosing

appropriate techniques, an operator can place young trees in strate-

gic locations to provide a significant visual screen within a few

years.

SUCCESSFUL
REVEGETATION

STRATEGIES

Trial-and-error revegetation that relies on natural precipitation and

hardier natural pioneer species (such as alder) is generally less ex-

pensive, uses less labor, and is more effective than waiting until

mining is complete to plant the entire site with commercial plants.

Segmental mining results in fairly small areas on which to begin this

process. Test plots can be used to determine which species will be

successful. Areas in which plants fail to establish can be reseeded

with more appropriate vegetation (Norman and Lingley, 1992).

Steps to successful revegetation of mined land can be summa-

rized as follows:

� Plan before you start. Know in advance what has to be done,

but allow for modification if necessary.

� Strip and store the topsoil, subsoil, and overburden

separately. Minimize handling and storage.

� Strip a small area at a time. Strip only the area that can be

revegetated within a reasonable time to minimize erosion.

� Move soil materials under dry conditions (June–September).

Wet soils are easily damaged.

� Carefully calculate volumes of soils necessary for

reclamation to ensure that sufficient amounts are retained.

� Reclaim the mine in segments. Segmental reclamation allows

for ‘live topsoil’ replacement, which often enhances

revegetation.

� Shape slopes for subsequent use. Slopes between 40H:1V

and 20H:1V are desirable for agriculture purposes. For

forestry, the slopes can be steeper.

� Replace overburden (if any), subsoil, and topsoil in the

correct sequence.

� Eliminate compacted soil. Where compaction has occurred,

rip the mine floor as deeply as possible before reapplication

of stored overburden, subsoil, and topsoil.

� Develop a post-reclamation management program. Choose

plants that increase soil fertility and improve soil structure,

such as deep-rooted nitrogen-fixing legumes, for the first

plantings. Monitor progress and determine why plants did not

thrive.

� Get good advice from the experts. Take advantage of the

expertise available in various government agencies and

though local farmers.

� Be patient. Successful revegetation may be a slow process

taking several seasons or years.
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CLASSES OF
VEGETATION

Four basic classes of vegetation—grasses, forbs, shrubs, and trees—

are important for reclamation. Forbs, which include legumes such as

alfalfa, clover, and lupines, are any herbaceous plant that is not grass

or grasslike. Forbs and shrubs have many similarities but differ in

that shrubs have a woody stem. They will be considered together in

this discussion. Many sites naturally support a mixture of two, three,

or all four types of vegetation.

Grasses Grasses are either perennial or annual. Annual grasses start from

seed every year, whereas perennial grasses die back but start from

the same root mass each year. Annual grasses green up and establish

quickly, but put most of their energy into seed production. Perennial

grasses put significant energy into root development and foliage; in-

dividual plants persist for many years.

Grasses typically are shallow rooted (6 inches to 2 feet) but, be-

cause of their ability to provide complete ground cover, are effective

for erosion control. Grasses provide significant nutrition to both

livestock and wildlife and provide cover for small animals and birds.

Newly established grasses, freshly fertilized, are a favorite food for

grazing animals. Therefore, such areas should be fenced for opti-

mum revegetation success.

Forbs and Shrubs Forbs and shrubs include everything from small wildflowers (forbs)

to sagebrush plants (shrubs) that may reach 6 feet in height. They are

nutritious and provide significant cover. Many plants of this class

have a single taproot with a shallow fibrous root system around it.

Although mature forbs and shrubs can establish significant root

wads, they typically provide only minimal erosion protection for

several years.

Trees Trees are generally the slowest of the three classes to establish them-

selves and mature. They typically have a deep, extensive root sys-

tem. Evergreens or conifers (except larch) keep their leaves or nee-

dles all year long. Deciduous trees lose their leaves every fall and,

compared to conifers, grow faster and add leaf litter to the ground.

SELECTING PLANTS
FOR A SITE

Wherever possible, native species should be used in revegetation.

Native plants often out-compete introduced (exotic) species over

time and are the most useful to wildlife, although some introduced

species can out-compete some native species, especially in arid en-

vironments. The vegetation surrounding a mine site can be used as a

guide when selecting native species. Re-establishing native species

can be greatly accelerated by using native seed mixes and locally

transplanted species.

If sufficient preplanning is done, soil and native vegetation can

be transferred from areas being stripped for new mining to areas in

the final stage of reclamation. This approach is less expensive and

often more successful than long-term soil storage. Soil hauled di-

rectly from a new mining area to a reclamation area carries with it vi-

able seeds of native vegetation that can rapidly establish on the re-
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claimed area. This typically reduces the need for added seed and

plant material.

Commercial sources typically sell native and non-native bare-

root and container plant stock, as well as native grass seed mixtures.

Bareroot stock should be planted during the winter and is typically

less expensive than plants sold in containers. Generally, plants in

containers have a better survival rate than bareroot plants. A plant-

selection guide is given in Tables 7.1 through 7.4.

The best source of native shrubs and trees is in or near the site to

be revegetated. Avoid transplanting native species from an eleva-

tion significantly higher or lower than the area in which they will be

planted.

Weeds (imported or local) can render reclamation ineffective.

Local extension agents can provide lists of noxious weeds and sug-

gest methods for their control.

Information on plant availability and nurseries carrying suitable

plants can be obtained from Hortus Northwest, PO Box 955, Canby,

OR 97013, Phone: 503-570-0859, Fax: 503-399-6173.

Grasses and
Legumes

Grasses and legumes are very effective at stabilizing disturbed areas

because of their extensive root systems. They also increase water in-

filtration, contribute organic matter to the soil, and, in the case of

legumes, fix atmospheric nitrogen into the soil.

In determining what mix of grasses and legumes is best for a

given site, the climate, soil conditions, sun exposure, and objective

of the seeding must be considered. The Oregon Department of Geol-

ogy and Mineral Industries (DOGAMI), The Washington Depart-

ment of Natural Resources (DNR), and the local Natural Resource

Conservation Service (NRCS) offices can provide valuable informa-

tion about seed mixes that are suited to various site conditions. The

Washington or Oregon Interagency Guide for Conservation and

Forage Plantings is also a useful resource for determining seed

mixes. Tables 7.1 through 7.4 contain descriptions of some of the

most common grasses, legumes, and woody plants.

Some grasses, such as annual rye, grow quickly, while others,

such as many of the perennial bunch grasses or sod-formers, grow

rather slowly. Cereal grains, the same as those cultivated for food,

can be very effective in establishing a rapid vegetative cover that

will still allow native species to establish. Cereal grains help protect

against soil erosion because they possess 50 percent more below-

ground biomass (roots) than grasses.

The success of legume plantings can be greatly improved by

treating the seeds with legume inoculant, available from many seed

suppliers.

Forbs and Shrubs Many forbs establish easily from seed and can be just as important as

grasses and trees for reclamation. Some shrubs do well from seed,

many do not. Bareroot plants, which can often be purchased inex-
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pensively and easily from nurseries, are an effective way to establish

shrubs. Young plants in containers are generally easiest to establish

but are the most expensive to purchase.

Trees A variety of species suitable for revegetation projects are available

in containers at nurseries. Tublings (plants grown in narrow, deep

containers) may be useful on rocky areas and steep slopes. Bareroot

transplants are successful for many species and are more economical

to purchase than containerized plants. Nurseries can provide both

tublings and bareroot stock.

Native Plants for
Arid Regions

For the high desert areas of Washington and Oregon, a selection of

the following species are recommended when native plants are

specified in the reclamation plan:

� basin big sagebrush (Artemisia tridentata tridentata)

� Wyoming big sagebrush (Artemisia tridentata wyomingensis)

� mountain sagebrush (Artemisia tridentata vayseyana)

� fourwing saltbush (Atriplex canescens)

� antelope bitterbrush (Pershia tridentata)

� Lewis flax (Linium lewisii)

� white yarrow (Achillea millefolium)

� annual sunflower (Helianthus annuus)

In the higher areas of eastern Washington and Oregon where

sites will be reforested, the following seed mix of non-pervasive ex-

otics has been used to control erosion and noxious weed invasion in

the short term. These plants die out as long-term native plants take

over from nearby natural areas when the sites are relatively small

(less than 15 acres or long, narrow sites):

Sheep fescue 4 pounds/acre

Kentucky bluegrass 4 pounds/acre

Dutch white clover 2 pounds/acre

(the clover should be inoculated)

SOWING SEEDS Grasses and cover crops such as legumes are relatively easy to estab-

lish from seed. In most places, grass and legume seeds should be

planted no deeper than 1/4 inch. For the best chance at revegetation

success, topsoil should be spread between September 15 and Octo-

ber 15. Seeding with grasses and legumes should be done within 3

days after final shaping (R. Shinbo, personal commun., 1995). How-

ever, if proper conditions of soil moisture and temperature are pres-

ent, revegetation can also be successful at other times of the year.

Proper conditions for reclamation and revegetation exist between

March 1 and November 1 for sites west of the Cascades in some

years. During the winter, bare slopes should be protected with mulch

or other erosion-control techniques until the next seeding period.
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Summer plantings should be avoided unless irrigation is

planned. Fall plantings may be preferable in areas with long growing

seasons, winter rains, or summer drought; they allow plants to estab-

lish themselves over the winter. Optimal planting dates will vary

slightly from year to year and with weather conditions. The local

county extension service can provide information on planting dates.

Seed Drills Seed drills are used extensively in agricultural applications where

soil has been tilled and is free of rocks. Range drills are used in ir-

regular terrain or on rocky soils. In arid areas with coarse-textured

soils, improved success with drilling may be obtained by placing the

seeds 1 inch deep.

Range drills may be available for use from some federal agen-

cies, such as the NRCS and the Bureau of Land Management. Agri-

cultural seed drills are commonly not suited for reclamation seeding

because of the rocky soil. Neither type of drill is suitable for the

rough and steep terrain found on many mine sites.

Broadcast
Seeding

Seeds can be broadcast using many different methods. Spreading

handfuls of seed by hand is quick and easy but produces incomplete

coverage in many cases. The use of hand-operated mechanical

spreaders is a far more effective way to spread adequate amounts of

seed evenly. Hand-operated mechanical spreaders come in many

different sizes and styles, but most are relatively cheap. In many

cases, they can be rented from a local shop. Regardless of the

method of broadcast, the seeds must be covered with mulch and/or

soil to germinate successfully. Broadcast seeding in arid environ-

ments should be followed by dragging a meadow or flex harrow (a

bar or chains in rocky areas) over the seeded area to insure adequate

seed/soil contact.

Hydroseeding Hydroseeding can effectively convey, in one application, seed, fer-

tilizer, and mulch onto steep slopes and other areas inaccessible to

other seeding equipment. The mulch blanket retains moisture; a

tackifier or binder added to the hydromulch slurry can prevent it

from eroding away. Revegetation success can often be increased by

using a two-step hydromulching process in which seed, mulch, and

fertilizer are applied with the first application. Then the entire area

is remulched with another application of mulch only. The two-step

technique is especially useful in arid areas where the seed germinat-

ing in the mulch may dry out before roots become established

enough to provide water.

Seedbed
Preparation

Seedbed preparation establishes conditions conducive to seed ger-

mination and seedling growth. Seedbed preparation on mining sites

is especially important because the heavy equipment commonly

compacts the soil, which inhibits seed germination. In order for a

seed to germinate and thrive, there must be contact between seed and

soil, adequate moisture, and moderate soil temperature. The soil

must be loose enough to allow root penetration once the seed has
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germinated (Fig. 7.2). A soil or mulch covering of 1/4 inch moderates

temperature and prevents seed loss to birds. Mulching also con-

serves the much-needed moisture for continued seedling develop-

ment.

Depressions, small pits, and irregularities in the seedbed can

greatly enhance the ability of seeds to germinate and thrive. A

sheepsfoot roller, land imprinter, or bulldozer can be used to create

micro-depressions. Bulldozer tracks parallel to the contours can en-

hance seed germination and reduce runoff (see Fig. 4.5).

Mulching The primary purposes of mulch are to retain moisture, prevent ero-

sion, and moderate soil temperature fluctuations. Among materials

that can be used as mulch are:

� hay or straw,

� processed mint clippings,

� wood chips,

� grass clippings, and

� wood fiber.

Mulches can be applied with blowers, hydromulching equip-

ment, or manually. Mulch may be anchored to prevent water or wind

erosion by crimping it, adding tackifiers or binders, or by covering it

with natural or synthetic netting.

Hay or straw mulch can be anchored using a modified agricul-

tural disc implement that crimps the hay into the soil.

Logs and other woody debris, placed perpendicular to the slope

in seeded areas, will help stabilize mulch and can provide valuable

shade and microhabitat for the emerging seedlings.

Cattle as a
Reclamation Tool

Using cattle to control erosion and enhance revegetation of tailings

dams and waste rock dumps is now a relatively widespread activity

in Arizona and Nevada. Judging by the success in these states, cattle

can be a valuable reclamation alternative for some hard-to-reclaim

sites in Washington and Oregon, especially those in arid areas with

steep slopes.

Carefully monitored and controlled cattle grazing can dramati-

cally reduce wind and water erosion on slopes and accomplish many

of the tasks required for successful revegetation. The hooves of the

cattle compact and blend soil materials and, at the same time, create

abundant depressions that catch moisture and prevent erosion. Cat-

tle urine and excrement provide fertilizer that is generally well dis-

tributed and mixed into the slope by grazing activity, and the mi-

crobes in the manure are an important ingredient in building a

healthy soil.

In order for cattle to be used for reclamation, they must be re-

stricted to relatively small areas using easily moveable fences, such
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as an electric tape fence. Cattle must be moved from one area to an-

other regularly to prevent overgrazing. Salt blocks, water, and feed

must also be periodically moved to insure that the entire slope being

treated is covered. A pilot project was started in Lake County, Ore-

gon, in 1997. The results are not yet available. Contact DOGAMI-

MLR for the latest information on this technique.

TRANSPLANTING Transplanting is the technique used for relocating containerized

stock, bareroot stock, or plants from elsewhere on site and planting

them in another.

Planting Times Containerized plants have an advantage over bareroot stock in that

they can be successfully transplanted almost any time of year. How-

ever, transplanting should not be done during the summer unless ir-

rigation is provided.

Trees and shrubs should be planted while they are dormant, gen-

erally from November 1 through March 1. Bareroot stock and trans-

plants are usually planted in the spring because the plants have to be

dormant before they can be dug. Bareroot plants may not be shipped

from the nursery until late fall or mid-winter. Spring planting may be

appropriate for bareroot stock if the site is subject to frost heaving in

the late fall or winter.

Spring plantings should be done as soon as site conditions al-

low. Typically plants should be placed in the ground just before or

just after shrubs at the site break dormancy. That can be determined

by looking at buds. Buds begin to swell when the plants are ‘brea-

king’ their dormant condition.

Plants should be adequately acclimatized. This is particularly

critical when the environment of the growing nursery or location is

different from the planting site. Plants can be acclimatized by mov-

ing them to the site before the planting date. Bareroot materials

should be kept under refrigeration or the roots should be buried in a

shallow trench and kept moist until planting.

Planting Techniques If moisture conservation is important, planting should be done im-

mediately after digging the planting holes to reduce drying of the

backfill.

When transplanting, keep the majority of the root mass intact

(Fig 7.3). Even if care is taken in transplanting, some roots will

break. Often the damage is to the fine roots that are essential for pro-

viding nutrients and moisture. Pruning the above-ground stem(s) re-

duces evapotranspiration and increases the likelihood of survival by

reducing the plant’s demand for nutrients and moisture.

It may be helpful to construct berms 2 to 6 inches high around

the planting holes to concentrate rainfall and runoff. On sloping

ground, leaving the berm open on the uphill side of a planting can be

beneficial (Fig. 7.4).

Open File Report 96-2 BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES

TRANSPLANTING 7.9



Mulch will help retain moisture. However, it must be anchored

to prevent erosion by water or wind. Mulch is of little use on sites

that flood since the mulch washes away.
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Tools Required Choice of planting tools will depend upon the revegetation plan, the

size of plant materials, and planting conditions. Shovels, picks, pry

bars, posthole diggers, hand or power augers, front-end loaders, or

backhoes may be needed to develop the planting site. For gathering

plant materials from the site, chainsaws, lopping and pruning shears,

buck saws, mechanical tree spades, and backhoes or front-end load-

ers are useful. Straw or hay for mulch for moisture retention, fencing

and wire for plant protection, and cages and stakes for support may

also be required. Fencing or cages are highly recommended if deer,

beavers, or other plant ‘predators’ are in the area. They appear to

seek out recently established trees and shrubs.

PROPAGATING
FROM CUTTINGS

The easiest and most economical method for propagation of some

species of woody plants is the use of cuttings. Willows and cotton-

woods are the two most common plants propagated from cuttings

(Fig. 7.5). The best time to collect cuttings is while the plants are

dormant, typically between November 1 and March 1. Cuttings

taken near or at the planting site or from a similar elevation zone will

have a good chance of surviving on the site.

Determining
Cutting Length

Cuttings should be at least 3 feet long, but the length of the cutting

depends on the planting depth required. At least two-thirds of the

cutting length should be placed in the ground. The planting depth de-

pends on the mid-summer water table and the potential for erosion in

the planting area. Where erosion potential is high or the water table

is deep, planting depth and cutting length should be increased. The

above-ground stem should have at least three buds exposed. The

minimum stem diameter for cuttings should be 3/4 inch.

Collecting
Cuttings

Healthy-looking plants should be used. Willows are particularly

susceptible to willow bore—avoid plants with burls, lumps, or scabs

surrounded by smooth bark. Several years of drought conditions or

other plant stresses will diminish the reserves in the plant and may

affect the survival rate. Transplant stock should be selected from

wetter areas. Avoid suckers (the current year’s growth) because they

may not contain adequate stored energy reserves. Trim off all side
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Figure 7.4. Transplanted seedlings

on a slope. Small berms on the

downslope side of the planting holes

help retain runoff. (Redrawn from

Banks, 1981.)



branches and remove the apical (top) bud; the apical bud draws too

much energy and may affect survival.

Storing
Cuttings

If cuttings need to be stored longer than several days, they should be

kept in a cooler at 24o to 32oF. A mixture of 50 percent latex paint

and 50 percent water can be used to mark and seal the top of the cut-

tings and reduce moisture loss. All cuttings should be soaked prior to

planting for at least 24 hours to initiate root growth. At a minimum,

the bottom third of the cutting should be submerged. The entire cut-

ting may be soaked once the paint has dried. Rooting hormone added

to the water may improve the survival rate. A diagonal cut should be

made on the bottom for ease of planting and a straight cut on the top.

Planting
Cuttings

Cuttings can be placed either in the spring or fall, preferably when

the plants are dormant. If cuttings are taken in the fall before dor-

mancy, the leaves should be stripped. (A general rule of thumb is
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Figure 7.5. Steps in propaga-

tion by cuttings.



that cuttings should be taken in the late fall or early winter and that

rooted plants should be taken in the spring.)

Cuttings must be planted with the buds facing up. Be sure to keep

track of which end of the cutting is the top—a cutting planted upside

down is not likely to survive.

For successful plantings, the following guidelines are sug-

gested:

� Select cutting stock from a nearby plant source.

� Cut when plant is dormant (usually late fall or winter).

� Use cutting of proper diameter and length.

� Properly store and maintain the cuttings before planting.

� Add root hormones to storage water.

� Use good planting techniques.

Optimum spacing of the cuttings will depend on the site and the

purpose of the planting. To achieve good density, plant cuttings

2 feet apart in rows offset by 1 foot (Fig. 7.5D). Cuttings can be

planted wiggling a pry bar or a piece of rebar back and forth to de-

velop the planting hole (Fig. 7.5C). Critical factors are preventing

damage to the bark and ensuring good contact between the cutting

and the soil. Pack the soil around the cutting; air pockets around the

cuttings will kill the roots. Driving the cutting directly into the

ground with a hammer is not recommended because it causes the cut-

ting to split.

BIOTECHNICAL
STABILIZATION

The term ‘biotechnical stabilization’ refers to the use of plants to re-

vegetate and stabilize slopes and stream banks instead of engineered

structures, such as gabions, retaining walls, or riprap. The planting

techniques discussed above may also be used as components of a

system where biotechnical methods are employed. Rock or other

structures can be incorporated in the design where planting alone is

not enough to stabilize an eroding bank. For a comprehensive review

of this subject, the Soil Conservation Service Engineering Field

Book, Chapter 18, Soil Bioengineering for Upland Slope Protection

and Erosion Reduction, is recommended.

Brush Layering In brush layering, live woody plant materials, such as willow, cot-

tonwood, and dogwood, are placed in layers on a slope to reinforce

the soil and prevent shallow slope failures (Figs. 7.6 and 7.7). The

layers also act as a living fence to trap sediment and debris. Brush

layering has been successfully used to repair partial fill-slope fail-

ures, increase streambank stability, and enhance riparian vegetation.

However, brush layering will not correct a deep unstable slope con-

dition where mechanical methods of control are needed. If brush lay-

ering is used to stabilize an eroded bank, place a blanket of large

rock from just above the ordinary high-water mark to just below the

ordinary low-water mark.
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Starting at the top of a slope, brush layering is installed by

trenching along the contour and then placing the live plant materials

prior to backfilling the trench (Fig. 7.6). It may be appropriate to mix

species of brush in the trench. Generally the brush-layer branches

should be 6 to 8 feet in length, but they can be longer. The number of

contour trenches opened at any one time should be limited to prevent

destabilization of the slope.

Trenches should be excavated so that three-fourths of the live

plant material can be buried in the trench, leaving one-fourth of the

plant above the ground surface. Once the materials are placed, the

excavated soil is then pulled down into the trench to reshape the

slope.

Brush layering can also be used on fill slopes. In this situation,

live plant materials can be placed on successive lifts of backfill. If

this method is used, grading equipment can be used for hauling and
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Figure 7.7. Brush layering of

live plant materials on successive

lifts of fill. Grading equipment can

move and place the vegetation.

(Modified from Bellevue Storm

and Surface Water Utility, 1989.)

Figure 7.6. Details of brush

layering in trenches. Start this pro-

cess from the top down. (Modified

from Bellevue Storm and Surface

Water Utility, 1989.)



placing the vegetation (Fig. 7.7). Brush layering is less labor inten-

sive than wattling.

Contour Wattling The first recognized use of contour wattling was in the 1930s. Wat-

tling controls erosion by stabilizing surface soils, reducing erosive

runoff velocities, increasing infiltration, and trapping sediments. It

can be very effective in stabilizing gullies. The bundles are placed

across the gully.

Wattles are cigar-shaped bundles of live plant material, some-

times called ‘live fascines’. The bundles are 8 to 10 inches thick and

are compressed by tying with twine. The butt ends and the tops of

plants are alternated and tied together, repeating this process until

the necessary length is created (Fig. 7.8).

Wattles are placed in shallow trenches along the contour. On ri-

parian sites, they can be placed diagonally to the water flow or wave

action. After placement, the wattles are partially covered with soil

so that approximately 10 to 20 percent of the bundle is exposed. Ei-

ther live or dead stakes will secure the wattles on the slope.

Woody plants that work well with this technique are willow,

red-osier dogwood, and snowberry. Over time, the planted wattles

may be crowded out by more dominant species.
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Figure 7.8. Wattle construc-

tion and placement. Wattles are

bundles of live plant material, 6–8

inches thick, tied with twine. The

butt ends and the tops are alter-

nated and tied together, repeating

this process until the necessary

length is created. The bundles are

then placed in shallow trenches

along the contour and partially

covered with soil so that about

10–20 percent of the bundle is ex-

posed. (Modified from U.S. Soil

Conservation Service, 1992.)



RIPARIAN AND
WETLAND AREAS

Riparian areas are those on or near the banks of streams or other bod-

ies of water. They are the zone of direct interaction between terres-

trial and aquatic environments. Wetlands are areas that are perma-

nently wet or intermittently water covered. (See Forming Wetlands,

p. 4..) Vegetation in both areas requires water in the rooting zone on

a permanent or seasonal basis. Classification of an area as riparian or

wetland is based on factors such as vegetation type, surface and sub-

surface hydrology, topography, and ecosystem function.

Ecological
Functions

Restoring or creating vegetated riparian areas or wetlands can:

� increase plant species diversity for habitat reconstruction,

� enhance erosion control and stream bank and/or slope

stabilization,

� help to moderate water temperatures,

� improve water quality by filtering sediments and other

contaminants,

� provide food for wildlife,

� provide leaf litter for worms and insects,

� slow floodwater, and

� disperse floodwater.

Alluvial mining operations or those with intermittent or peren-

nial streams in the disturbed area should plan to revegetate wetlands

and riparian areas. The woody and herbaceous vegetation that grows

in the riparian zone is important in maintaining the health of

streams, lakes, and wetlands.

Plant
Selection

Knowing which riparian species are best suited for a particular

planting technique is essential for successful revegetation. Species

such as willow, cottonwood, and red-osier dogwood can be propa-

gated by cuttings, while others, such as red alder, salmonberry,

snowberry, thimbleberry, Douglas’ spiraea, vine maple, and Pacific

ninebark, can only be propagated by transplanting the root mass with

the above-ground stem. Those species that have a fibrous, spreading

root system can generally be propagated by root division.

Planting riparian areas with native trees (cottonwoods, poplar,

alders, willows, fir, pines, maples), grasses, legumes (lupine), and

forbs can provide nesting cover and accelerate the restoration of pro-

ductive habitat. Planting willow, poplar, and cottonwood cuttings is

an effective method of building a root matrix and slowing erosion.

(See Chapter 2.) In ponds, aquatic grasses, sedges, rushes, and tu-

bers should be planted to provide cover and food for insects and fish.

Generally, non-native species should be avoided unless rapid stabi-

lization is required. Aggressive native species such as common cat-

tail and Douglas’ spiraea should be used cautiously, because they

may crowd out other plants.

To insure good growth and survival, species should be planted

in environments they are adapted to. Some species are more tolerant

of constant inundation than others. For example, big leaf maple and

Oregon ash should be planted high enough up the bank so that the
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roots are above the water table. Table 7.1 is a plant selection guide

listing plant growth characteristics, requirements, and planting con-

ditions necessary for propagation. (For more information on wet-

lands vegetation selection, see Vegetation, p. 4.15.)

AGRICULTURAL
AND FORESTRY

SUBSEQUENT USES

Often the post-mining use calls for commercial agriculture or refor-

estation. For those situations, the operator may want to plan recla-

mation with a professional forester or an extension service agent.

The Oregon Departments of Forestry or Agriculture and the Wash-

ington Department of Natural Resources are other good sources of

information.

Topsoil For a mine site to be reclaimed for agriculture or forestry, topsoil

must be replaced. Operators who have not saved topsoil and subsoil

for reclamation will generally not be able to use the site for agricul-

ture or forestry because topsoil replacement would be too costly.

Other conditions to avoid are excessively stony soils resulting

from mixing soils and subsoils with the sand and gravel deposit,

compacted pit floors, and inadequate treatment of applied topsoil

and subsoil to ameliorate compaction problems. In addition, slopes

steeper than 3H:1V will not be as productive for agriculture or for-

estry.

Segmental reclamation and live topsoiling increase the chances

of productive agricultural and forestry land after mining. Detailed

knowledge of the sand and gravel deposit is also necessary. The

composition of the pit floor is an important component in develop-

ing a reclamation plan. For example, if the pit floor is on imperme-

able or compressible silty and clayey material, severe soil compac-

tion will occur, soil drainage will be impeded, and a perched water

table causing excessive wetness will result.

Factors to
Consider

From an agricultural standpoint, at least 8 inches of topsoil with suit-

able subsoils or a minimum of 3 feet of combined topsoil and subsoil

overlying a zone saturated with water is needed for most plants dur-

ing the growing season. Therefore mineral extraction should not oc-

cur below the water table. Knowledge of the hydrologic conditions

of the site is necessary for reclamation to be successful.
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7.24 REVEGETATION

DROUGHT-TOLERANT BUNCHGRASSES

Scientific name

Common name
Cool/warm

season

Minimum

precip. (in./yr)

Bunch/sod

former

Native/

introduced
PLS lb/acre Planting dates

Agropyron inerme

beardless bluebunch wheatgrass
C 8 B N 7 to 8 spring or fall

Agropyron desertorum

standard crested wheatgrass
C 10 B I 6 to 8 spring or fall

Agropyron elongatum

tall wheatgrass
C 8 B I 6 to 8 spring or fall

Agropyron sibiricum

Siberian wheatgrass
C 6 B I 6 to 8 fall

Agropyron spicatum

bluebunch wheatgrass
C 8 B N 6 to 8 spring or fall

Bouteloua curtipendula

sideoats grama
W 8 B N 3 to 6 spring or fall

Elymus cinereus

Great Basin wildrye
C 12 B N 9 spring or fall

Elymus elymoides

bottlebrush squirreltail
C 6 B N 8 to 10 spring or fall

Elymus junceus

Russian wildrye
C 12 B I 8 to 10 spring or fall

Eragrostis curvula

weeping lovegrass
W 16 B I 2

April to

August 15

Festuca longifolia

hard fescue
C 16 B I 10 spring or fall

Festuca ovina

sheep fescue
C 10 B N 10 spring or fall

Oryzopsis hymenoides

Indian ricegrass
C 9 B N 6 to 8 spring or fall

Poa nevadensis

Nevada bluegrass
C 10 B N 3 spring or fall

Sporobolus cryptandrus

sand dropseed
W 10 B N 1 April to May 31

Stipa comata

needle and thread
C 10 B N 8 spring or fall

DROUGHT-TOLERANT SOD-FORMING GRASSES

Agropyron dasystachyum

thickspike wheatgrass
C 8 S N 6 to 8 spring or fall

Agropyron riparium

streambank wheatgrass
C 8 S N 6 to 8 spring or fall

Agropyron smithii

western wheatgrass
C 10 S N 10 spring or fall

Bouteloua gracilis

blue grama
W 12 S N 2 to 3 spring or fall

Buchloe dactyloides

buffalograss
W 12 S N 4 to 8

June to

August 15

Cynodon dactylon

Bermuda grass
W 10 S I 15 April to August

Elytrigia intermedia intermedia

intermediate wheatgrass
C 14 S I 15 spring or fall

Elytrigia intermedia trichophorum

pubescent wheatgrass
C 14 S I 10 to 12 fall

Festuca rubra

red fescue
C 18 S I 10 spring or fall

Poa compressa

Canada bluegrass
C 18 S I 1 to 2 spring or fall

Schizachyrium scoparium

little bluestem
W 14 S N 3 to 4 spring or fall

Table 7.4. Plants for special-use situations. PLS, pure live seed. (Modified from Grassland West, 1994. Copyright

©1994 by Grassland West. Used by permission of the publisher)
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TABLES 7.25

ACID-TOLERANT GRASSES

Scientific name

common name
Cool/warm

season

Minimum

precip. (in./yr)

Bunch/sod

former

Native/

introduced
PLS lb/acre Planting dates

Agrostis alba

redtop
C 20 S I 1 spring or fall

Agrostis palustris

creeping bentgrass
C 20 S I .5 to 1 spring or fall

Agrostis tenuis

colonial bentgrass
C 18 S I 2 spring or fall

Alopecurus arundinaceus

creeping foxtail
C 25 S I 3 to 4 spring or fall

Alopecurus pratensis

meadow foxtail
C 25 B I 4 to 5 spring or fall

Cynodon dactylon

Bermuda grass
W 10 S I 15 April to August

Eragrostis curvula

weeping lovegrass
W 16 B I 2 spring or fall

Festuca longifolia

hard fescue
C 16 B I 10 spring or fall

Festuca rubra

red fescue
C 18 S I 10 spring or fall

Festuca rubra, var. commutata

Chewings fescue
C 18 B I 4 to 5 spring or fall

Lolium perenne

perennial ryegrass
C 12 B I 25 to 35 spring or fall

Panicum virgatum

switchgrass
W 18 S N 5 to 8 June to August

Poa compressa

Canada bluegrass
C 18 S I 1 to 2 spring or fall

ALKALINE-TOLERANT GRASSES

Agropyron desertorum

standard crested wheatgrass
C 10 B I 7 to 10 spring or fall

Agropyron elongatum

tall wheatgrass
C 8 B I 6 to 20 spring

Agropyron riparium

streambank wheatgrass
C 8 S N 6 to 8 spring or fall

Agropyron smithii

western wheatgrass
C 10 S N 10 spring or fall

Agropyron trachycaulum

slender wheatgrass
C 16 B N 6 to 8 fall

Cynodon dactylon

Bermuda grass
W 10 S I 15 April to August

Distichlis stricta

inland saltgrass
W 8 S N 10 June to August

Elymus canadensis

Canada wildrye
C 12 B N 7 spring or fall

Elymus cinereus

Great Basin wildrye
C 8 B N 9 spring or fall

Elymus junceus

Russian wildrye
C 12 B I 8 to 10 fall

Lolium perenne

perennial ryegrass
C 12 B I 25 to 35 spring or fall

Puccinellia distans

alkaligrass
C 15 B N 2 to 3 spring or fall

Sporobolus airoides

alkali sacaton
W 6 B N 2 to 3 July to October



BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES Open File Report 96-2

7.26 REVEGETATION

GRASSES AND LEGUMES TOLERANT OF OCCASIONALLY SATURATED SOILS

Scientific name

Common name
Cool/warm

season

Minimum

precip. (in./yr)

Bunch/sod

former

Native/

introduced
PLS lb/acre Planting dates

Agrostis alba

redtop
C 20 S I 1 spring or fall

Agrostis palustris

creeping bentgrass
C 20 S I .5 to 1 spring or fall

Alopecurus arundinaceus

creeping foxtail
C 25 S I 3 to 4 spring or fall

Alopecurus pratensis

meadow foxtail
C 25 B I 4 to 5 spring or fall

Festuca elatior

meadow fescue
C 25 B I 6 spring or fall

Lolium perenne

perennial ryegrass
C 12 B I 25 to 35 spring or fall

Phalaris arundinacea

reed canarygrass
C 16 S N 5 to 10 spring or fall

Poa trivialis

Poa trivialis
C 25 S I 4 spring or fall

Trifolium hybridum

alsike clover
C 35 B H 6 to 8 spring

COLD-TOLERANT GRASSES

Deschampia caespitosa

tufted hairgrass
C 20 B N 1 to 2 spring or fall

Elymus cinereus

Great Basin wildrye
C 12 B N 9 spring or fall

Elymus elymoides

bottlebrush squirreltail
C 6 B N 8 to 10 spring or fall

Festuca elatior

meadow fescue
C 25 B I 6 spring or fall

Festuca longifolia

hard fescue
C 16 B I 10 spring or fall

Festuca ovina

sheep fescue
C 10 B N 10 spring or fall

Festuca rubra

red fescue
C 18 S I 10 spring or fall

Festuca rubra, var. commutata

Chewings fescue
C 18 B I 4 to 5 spring or fall

Poa alpinum

alpine bluegrass
C 20 B N 1 spring or fall

Poa pratensis

Kentucky bluegrass
C 18 S N 2 to 3 spring or fall

GRASSES PROVIDING TEMPORARY COVER

(These grasses are generally planted in the spring for temporary cover.

They should not be used for permanent revegetation.)

Arrhenatherum elatius

tall oatgrass

Hordeum vulgare

barley

Secale cereale

winter rye

Avena sativa

oats

Lolium multiflorum

annual ryegrass

Sorghum vulgare, var. sudanense

Sudangrass

Bromus arvensis

field brome
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Mining Regulations in Washington

David K. Norman

Washington Division of Geology and Earth Resources

PO Box 47007; Olympia, WA 98504-7007

360-902-1439; dave.norman@wadnr.gov

The Washington Department of Natural Resources (DNR)

administers the Surface Mining Act, a reclamation law

that requires a permit for each mine that meets the definition

of a surface mine: a mine that (1) results in more than 3 acres

of disturbed ground, or (2) has a highwall that is both higher

than 30 feet and steeper than 45 degrees (Chapter 78.44, Re-

vised Code of Washington [RCW]; Chapter 332-18, Washing-

ton Administrative Code [WAC]).
The Surface Mining Act was amended in 1993 to ensure that

every mine in the state meeting the definition of a surface mine
is thoroughly reclaimed. The DNR is responsible for seeing that
reclamation follows completion of surface mining. The DNR
has exclusive authority to regulate mine reclamation and ap-
prove reclamation plans. Metal mines and mills that meet the
criteria defined in Chapter 78.56 RCW are regulated pursuant to
the Metals Mining and Milling Act.

Some sites meeting the surface mining threshold are exempt.
For example, rural mines used to provide material for on-site
construction or for constructing forest roads that are on-site or
contiguous are generally exempt from the DNR reclamation per-
mit requirement.

Mine operations are regulated by local governments or state
and federal agencies exclusive of the DNR. Operations are all
mine-related activities, exclusive of reclamation.

Operations specifically include (RCW 78.44.031[8]):

� The mining or extraction of rock, stone, gravel, sand,

earth, and other minerals;

� Blasting, equipment maintenance, sorting, crushing, and

loading;

� On-site mineral processing, including asphalt or con-

crete batching, concrete recycling, and other aggregate

recycling;

� Transporting minerals to and from the mine, on-site road

maintenance, road maintenance for roads used exten-

sively for surface mining activities, traffic safety, and

traffic control;

� Activities that affect noise generation, air quality, glare,

pollution, traffic safety, ground vibrations, and surface-

and ground-water quality, quantity, and flow.

Local governments must approve mine siting and/or the sub-
sequent use of the mine site (RCW 78.44.091) prior to DNR’s
approval of a reclamation permit. Where local government per-
mits are required for a mining proposal, the State Environmental
Policy Act (SEPA) rules normally identify the local goverment
as lead agency for SEPA review.

A high-quality reclamation plan is required for each mine,
and periodic review and modification are necessary. This plan
specifies the permit holder’s methods for achieving reclamation
goals, including the following:

� segmental reclamation;

� preservation of topsoil;

� slope restoration such that highwalls are rounded in plan

and section;

� stable slopes;

� final topography that generally comprises sinuous con-

tours, chutes and buttresses, spurs, and rolling mounds

and hills, all of which blend with adjacent topography to

a reasonable extent;

� effective revegetation with multi-species ground cover

and trees.

Contact the appropriate DNR regional office for further in-
formation regarding these laws and rules. (See Figure 1 for DNR
region boundaries.)

The following pages list mining-related laws, regulations,
and ordinances administered by other local, state, and federal
agencies. This list does not identify every permit that may be re-
quired to operate a surface mine; however, agencies that are nor-
mally involved in mine regulation and most of the required per-
mits are listed. The appendices provide agency addresses and
phone numbers. Table 1 is a summary list of regulatory agencies
and the laws that they enforce.

Mine regulatory jurisdictions and responsibilities are sub-
ject to change. During each legislative session, new statutes and
laws are developed and included in the RCW, and old laws are
altered or repealed by the legislature. Agencies may update their
rules and regulations, included in the WAC, at any time. Courts
rule on the meaning of various regulations and statutes. There-
fore, the reader may wish to contact the appropriate agency to
determine the status of each applicable mining regulation.

The Washington Department of Ecology publishes the
“State Environmental Policy Act Handbook” (Publication 98-
114) and “Permit Handbook: Commonly Required Environmen-
tal Permits for Washington State” (Publication 90-029, revised
October 1998). The permit handbook lists those permits refer-
enced here, as well as many other permits. Another helpful Ecol-
ogy publication is “Getting Help—A Guide to Technical Assis-
tance from Ecology” (Publication 92-106).

For copies of specific laws, contact the appropriate agency
listed with the various activities described in the following
pages. The web page for Washington that may be of use in find-
ing agency web page addresses is http://access.wa.gov/. Current
RCWs and WACs are available on the internet at http://
slc.leg.wa.gov/. Other sources of legal information and com-
plete collections of state and federal laws are available at the
Washington State Library and at the Gonzaga University, Uni-
versity of Washington, and Seattle University Schools of Law.
State and county laws are generally available at the local county
law libraries, which are in county courthouses.

We encourage users of this open-file report to make and dis-
tribute copies.
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ENVIRONMENTAL REVIEW

State Environmental Policy Act (SEPA)

The State Environmental Policy Act (SEPA) is intended to en-
sure that environmental values are considered by state and local
government officials making decisions.

The SEPA process normally begins when an application is
submitted to an agency. The first step in the SEPA process is to
determine whether the proposal involves an “action” on the part
of an agency. If an action is necessary, then a lead agency is cho-
sen on the basis of SEPA rules; the lead agency then has primary
responsibility for complying with the SEPA’s procedural re-
quirements.

For private projects requiring permits or approvals from
more than one agency, when one of the agencies is a city, county,
or special district, the lead agency is usually the city, county, or
special district.

For private projects requiring permits, licenses, or approvals
from state agencies but not from a city, county, or special dis-
trict, the lead agency is the state agency requiring a license,
based on the following order of priority:

Department of Ecology
Department of Social and Health Services
Department of Natural Resources
Department of Fish and Wildlife
Utilities and Transportation Commission
Department of Motor Vehicles
Department of Labor and Industries

Helpful publications are the “State Environmental Policy
Act Handbook” (Publication 98-114) available from the Depart-
ment of Ecology, and the SEPA Checklist Resource Guide avail-
able from the Department of Natural Resources, Environmental
Quality and Compliance Division (360-902-1633).

Authority: Chapter 43.21C RCW; Chapter 197-11 WAC

Contact: Appropriate state agency
(Appendices A and B)

For general SEPA information, contact the
Department of Ecology’s Environmental Re-
view Section at 360-407-6922

National Environmental Policy Act (NEPA)

The National Environmental Policy Act (NEPA) is our basic na-
tional charter for protection of the environment. Federal agen-
cies making decisions on permits or licenses are required to
comply with the NEPA. NEPA requirements are very similar to
those of SEPA. An environmental assessment is used by the lead
agency to determine the extent of environmental impacts associ-
ated with the project.

Authority: United States Code, title 42, section 4321
(42 U.S.C. 4321) and following sections

Contact: Appropriate federal agency (Appendix C)

MINING ON FEDERAL LANDS

Mining on federally owned land is regulated by the appropriate
federal agency (for example, the U.S. Department of Agricul-
ture, the U.S. Forest Service [USFS], the Bureau of Land Man-
agement [BLM], and the National Park Service [NPS]). State
agencies may also regulate mining on federal lands (for exam-
ple, the Washington Departments of Ecology, Natural Re-

sources, and Health). The laws governing mining on federal
lands differ according to the mineral being mined. There are
three categories of minerals: (1) locatable, (2) leasable, and (3)
saleable.

Locatable Minerals

“Locatable minerals” are “valuable mineral deposits”, such as
gold and silver. Valuable mineral deposits on federal lands are
subject to discovery and claim by citizens under the General
Mining Law of 1872, as amended (30 U.S.C. 21–54). No new
claims may be located within national park boundaries; only
claims recorded before September 28, 1977, may be worked
within national parks (16 U.S.C. 1901–1912). In addition, no
new claims may be staked in congressionally withdrawn areas
such as designated “Wilderness” or “Wild and Scenic Rivers”
corridors (with minor exceptions); in administratively with-
drawn areas such as any campground, active power withdrawal
site, “Research Natural Area” (USFS), or “Area of Critical En-
vironmental Concern” (BLM); or in other areas which may be
segregated from mineral entry. BLM land status records should
be consulted to determine whether specific lands are open to
mineral entry.

The various federal land-management agencies regulate the
environmental impacts of mining valuable mineral deposits on
lands within their jurisdiction. For lands within the jurisdiction
of the USFS, see Title 36 Code of Federal Regulations (CFR)
part 228(A). For lands within the jurisdiction of the BLM, see
Title 43 CFR. For lands within the jurisdiction of the NPS, see
Title 36 CFR part 9.

Leasable Minerals

“Leasable minerals” include coal, phosphate, sodium, potas-
sium, oil, oil shale, gilsonite, natural gas, and geothermal steam.
Federal lands containing leasable minerals are subject to the
Mineral Leasing Act, as amended (30 U.S.C. 181 and following
sections), which allows persons to lease lands for the purpose of
extracting the minerals. The Mineral Leasing Act applies to
most federal lands, including national forests, but it does not ap-
ply to national parks and monuments. The U.S. Department of
the Interior administers the Mineral Leasing Act under regula-
tions in Title 43 CFR. The USFS is responsible for surface man-
agement of lands it administers under Title 36 CFR part 228(E).

Saleable Minerals

“Saleable minerals” include “common varieties” of sand, stone,
gravel, pumice, pumicite, cinders, and clay. Federal lands con-
taining saleable materials are subject to the Materials Act, as
amended (30 U.S.C. 601–615), which is similar to Washington
valuable materials statutes that the DNR administers. Persons
may purchase and remove saleable minerals from most federal
lands at the discretion of the land-managing agency. National
parks and monuments are not subject to the Materials Act, and
no mineral extraction can take place on those lands.

The various federal land-management agencies regulate the
taking of saleable minerals from lands within their jurisdiction.
For lands within the jurisdiction of the USFS, see Title 36 CFR
part 228(C). For lands within the jurisdiction of the BLM, see
Title 43 CFR.

Authority: 30 U.S.C., 16 U.S.C., 36 CFR, 43 CFR

Contact: Appropriate federal agency (Appendix C)
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METALS MINING AND MILLING

In 1994, the Metals Mining and Milling Act (MMMA) (Chap-
ter 78.56 RCW) was passed by the Legislature. The MMMA
amended many existing laws, including: the Water Pollution
Control Act (Chapter 90.48 RCW), Water Code (Chapter 90.03
RCW), Surface Mining Act (Chapter 78.44 RCW), Hazardous
Waste Management Act (Chapter 70.105 RCW), Air Pollution
Control Act (Chapter 70.94 RCW), and State Environmental
Policy Act (Chapter 43.21C RCW).

Definitions of metals mining and milling are:

� “Metals mining and milling operation” means a mining

operation extracting from the earth precious or base

metal ore and processing the ore by treatment or concen-

tration in a milling facility. It also refers to an expansion

of an existing operation or any new metals mining opera-

tion if the expansion or new mining operation is likely to

result in a significant, adverse environmental impact

pursuant to the provisions of Chapter 43.21C of the

RCW. Placer mining, the smelting of aluminum, and the

extraction of dolomite, sand, gravel, aggregate, lime-

stone, magnesite, silica rock, and zeolite or other non-

metallic minerals are not metals mining and milling op-

erations regulated under this chapter.

� “Milling” means the process of grinding or crushing ore

and extracting the base or precious metal by chemical

solution, electro winning, or flotation processes.

The MMMA established new requirements for metals min-
ing and milling operations, including a siting study for tailings
impoundments, waste rock management plans, environmental
protection security, economic impact analyses, and mandatory
environmental impact studies. The Department of Ecology is the
SEPA lead agency.

Surface disturbances caused by an underground metals min-
ing and milling operation are subject to the requirements of
Chapter 78.44 of the RCW if the operation is proposed after June
30, 1999. Disturbed areas include waste rock sites, tailing facili-
ties, and other surface manifestations of underground mines.

Authority: Metals Mining and Milling Act (Chapter
78.56 RCW); Surface Mine Reclamation Act
(Chapter 78.44 RCW)

Contact: Appropriate Department of Ecology regional
office (Appendix B) or Department of
Natural Resources, Division of Geology
and Earth Resources (Appendix A)

SURFACE COAL MINING

Surface mining of coal is regulated by the U.S. Office of Surface
Mining (OSM) under federal surface-mining laws. The aban-
doned mined coal lands program is also administered by the
OSM.

Authority: Surface Mining Control and Reclamation Act
(Public Law 95-87)

30 U.S.C. 1201–1211, 1231–1328

30 CFR 700-955

Contact: U.S. Department of the Interior
Office of Surface Mining
Reclamation and Enforcement

Evergreen Plaza Bldg., Suite 703
711 Capitol Way
Olympia, WA 98501-1234
360-753-9538

MINING ON STATE- AND
COUNTY-OWNED LANDS

Chapter 79.01 of the RCW establishes royalties and other crite-
ria for mining most minerals from state-owned uplands. The
DNR may enter into contracts for the sale of “valuable materi-
als” from state-owned lands. “Valuable materials” include rock,
gravel, sand, peat, and silt, but they do not include coal, petro-
leum, or natural gas, which are regulated under provisions of
other state laws. The DNR issues leases and contracts for explo-
ration and mining of valuable minerals from state-owned lands
under provisions of Chapter 332-16 of the WAC. Under the
rules of Chapter 332-14 of the WAC, the Commissioner of Pub-
lic Lands may execute option contracts and leases for the mining
of coal from state-owned lands; lessees must pay a royalty to the
state.

Chapter 97.90 of the RCW regulates the removal of valuable
materials from state-owned aquatic lands. The DNR may enter
into contracts or leases for the removal and sale of rocks, gravel,
sand, silt, or other valuable materials from state-owned aquatic
lands. Section 332-30-126 of the WAC governs royalty rates.

Chapter 78.61 of the RCW governs mineral and petroleum
leases on county lands.

Authority: Chapters 79.01, 97.90, 78.61 RCW;
Chapters 332-16, 332-14 WAC

Contact: Appropriate Department of Natural Re-
sources regional office (Appendix A)

Department of Natural Resources, Division
of Aquatic Lands (Appendix A)

Appropriate county (Appendix D)

TRIBAL LANDS

Mining on tribal lands is regulated by the affected tribe under
the supervision of the Bureau of Indian Affairs. Persons wishing
to mine on tribal land must enter into a minerals agreement with
the affected tribe. The appropriate tribal planning office should
be contacted prior to conducting activities on tribal land. When a
project is on non-tribal lands, but may affect treaty-reserved re-
sources or areas of tribal significance, agencies have an obliga-
tion and responsibility to consult with tribal governments during
the project review process. Mitigation may be required to pro-
tect treaty rights. Prevention of damage to graves or artifacts is
required. It is unlawful to remove or mutilate artifacts or burial
sites and is punishable as a felony under Washington State law.

Authority: Indian Mineral Development Act of 1982
(25 U.S.C. 2101–2108)

Contact: Appropriate tribe (Appendix E)

FORESTRY PITS

Mining for the primary purpose of constructing or maintaining
an access road to or on the landowner’s property is not under the
authority of the Surface Mining Act (Chapter 78.44 RCW). Pits
used exclusively for forest road construction and maintenance
are regulated by the DNR under the Forest Practices Act (Chap-
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ter 76.09 RCW; Title 222 WAC) and rules of the Forest Prac-
tices Board. Pits that supply rock for forest or farm roads that are
not on site or on contiguous lands are subject to regulation under
the Surface Mining Act. These pits and roads may require an ap-
proved Forest Practices application as well as discharge permits
from the Department of Ecology.

Authority: Chapter 76.09 RCW; Title 222 WAC; Chap-
ter 78.44 RCW; Chapter 332-18 WAC

Contact: Appropriate Department of Natural Re-
sources regional office (Appendix A)

Appropriate local jurisdiction (Appendix D)

BLASTING AND MINE SAFETY

Blasting and mine safety at large, long-lived mines are usually
regulated by the U.S. Department of Labor Mine Safety and
Health Administration (MSHA), and by the Bureau of Alcohol,
Tobacco and Firearms (ATF) if explosives are imported into the
state.

The Washington Department of Labor and Industries (L&I)
also regulates the use of explosives and amounts of flyrock and
vibrations. L&I regulates some aspects of mine safety at
smaller, temporary operations.

Authority: (MSHA) Federal Mine Safety and Health Act
of 1977 (30 U.S.C. 801 and sections follow-
ing); 30 CFR 1–199

(ATF) 27 CFR 55; 18 U.S.C. 40

(L&I) Chapter 70.74 RCW; Chapter 296-52
WAC

Contact: Mine Safety and Health Administration
3633 136th Pl. SE, Room 206
Bellevue, WA 98006
206-553-7037

Bureau of Alcohol, Tobacco and Firearms
915 2nd Ave., Room 842
Seattle, WA 98171
206-220-6440

Washington Department of Labor and Indus-
tries, Explosive Licensing Section (for any
mine) or the agency’s regional offices
(Appendix B)

MINERAL PROCESSING

The definition of surface mining in Chapter 78.44 of the RCW
specifically excludes the on-site processing of minerals, such as
concrete batching, asphalt batching, rock crushing, chemical
processing, and other operational aspects of mining. Local juris-
dictions can regulate these activities if they choose.

Regulation of processing commonly involves obtaining ap-
proval from the appropriate air-pollution-control agency (see
Air Quality, p. 6). The Department of Ecology has a general dis-
charge permit that may be required for the sand and gravel in-
dustry (see Water Quality, p. 6). For metals mining and milling
processing plants, the SEPA lead agency is the Department of
Ecology (Chapter 78.56 RCW). For uranium or thorium mills
and tailings, the lead agency is the Washington State Depart-
ment of Health.

Authority: Surface Mining Act (Chapter 78.44 RCW);
WAC 197-11-938; local ordinances

Contact: Appropriate county (Appendix D), city, or
town authority

Department of Ecology (Appendix B)

Department of Health, Division of Radiation
Protection (Appendix B)

TRANSPORTATION OF MINERALS

Load limits for trucks are set by the Washington Department of
Transportation. Enforcement is by state, city, or county police.
Local transportation routes may be set by local government.

Some local jurisdictions may require access permits for
placement of ingress to and egress from the property.

Authority: Chapter 46.44 RCW; Chapter 468-38 WAC;
local ordinances

Contact: Department of Transportation, Motor Carrier
Services (Appendix B)

Appropriate county (Appendix D), city, or
town authority

NOISE

Noise abatement and control are the responsibility of local gov-
ernment. Local governments may adopt their own sets of noise
standards in ordinance. Chapter 173-60 of the WAC (Maximum
Environmental Noise Levels) establishes noise levels that can-
not legally be exceeded. Permissible noise levels established by
this regulation vary depending on the source of noise (residen-
tial, commercial, industrial) and the location receiving the
noise.

Authority: Local ordinance; Noise Control Act (Chapter
70.107 RCW); Chapter 173-60 WAC

Contact: Appropriate county (Appendix D), city, or
town authority

ZONING, LAND USE, AND
GROWTH MANAGEMENT

Each county or municipality is responsible for zoning, approv-
ing the mine site location prior to mining, approving the subse-
quent use of the surface mine site, planning for population
growth, designating mineral resource lands, and determining
land-use compatibility. Some of the permits issued by counties
and municipalities are conditional-use permits, building per-
mits, and shoreline permits.

The Growth Management Act (GMA) became law in 1990.
It requires all cities and counties to plan for future growth while
protecting natural resources.

All jurisdictions must classify and designate natural re-
source lands (like mining, agricultural, and forest land) and crit-
ical areas (wetlands, fish and wildlife habitat, aquifer recharge
areas, etc.). These jurisdictions must also adopt development
regulations such as zoning, subdivision ordinances, and other
official land use controls to protect these critical areas.

Authority: Counties (Title 36 RCW); cities or towns
(Title 35 RCW)
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Growth Management Act (Chapter 36.70A
RCW); Chapter 365-190 WAC

Local ordinances

Contact: Appropriate county (Appendix D), city, or
town authority

SHORELINE MANAGEMENT ACT PERMIT
(SHORELINE PERMIT)

This permit is required for mining that is located on the water or
shoreline area. “Shorelines” are the margins of lakes, including
reservoirs, of 20 acres or greater; streams with a mean annual
flow of 20 cubic feet per second or greater; marine waters; an
area landward for 200 feet measured on a horizontal plane from
the ordinary high-water mark; and all associated marshes, bogs,
swamps, and river deltas. Flood plains and floodways incorpo-
rated into local Shoreline Master Programs are also included.

Any mining along a shoreline must be consistent with the lo-
cal Shoreline Master Program. Frequently, mining along a
shoreline requires a shoreline substantial-development permit,
which is issued by the local jurisdiction (city or county). If a
shoreline variance or conditional-use permit is required by the
local jurisdiction, the Department of Ecology must also give its
approval to the terms of the permit, deny the permit, or approve
the permit with conditions.

Authority: Chapter 90.58 RCW; Chapters 173-14, 173-
16 to 173-20 WAC

Contact: Appropriate county (Appendix D), city, or
town authority

Department of Ecology, Headquarters Office
(Appendix B), Shorelands and Environmental
Assistance Program, 360-407-6600 or 360-
407-6781

WETLANDS

Wetlands are areas that may be seasonally flooded or saturated
by water. Wetlands perform important functions such as water-
quality improvement, flood-water storage, and surface- and
ground-water recharge, and can be essential fish and wildlife
habitat. Wetlands are regulated under federal, state, and local
laws.

Useful publications from the Department of Ecology are
“Wetland Regulations Guidebook” (Publication 88-005) and
“How Ecology Regulates Wetlands” (Publication 97-112).

Federal Regulations

The principal federal laws that regulate activities in wetlands are
sections 401 and 404 of the Clean Water Act (33 U.S.C. 1341
and 33 U.S.C. 1344) and section 10 of the River and Harbor Act
(33 U.S.C. 403). When a permit is required under those laws,
other federal laws may also apply. These laws include the Na-
tional Environmental Policy Act (NEPA) (42 U.S.C. 4321–
4370b), the Federal Water Pollution Control Act (33 U.S.C.
1251–1387), certification provisions related to the federal
Coastal Zone Management Act (16 U.S.C. 1456), and others.

Contact: District Engineer
U.S. Army Corps of Engineers
Attn: Regulatory Branch
4735 E. Marginal Way S.

Seattle, WA 98134-2385
206-764-3495

State Regulations

The state regulations that affect development activities in and
near wetlands include the Shoreline Management Act (Chapter
90.58 RCW), Hydraulic Project Approval (Chapter 75.20
RCW), the State Water Pollution Control Act (Chapter 90.48
RCW), the State Environmental Policy Act (Chapter 43.21C
RCW), and the Floodplain Management Program (Chapter
86.16 RCW). (See also Department of Ecology Publication 90-
029, “Permit Handbook: Commonly Required Environmental
Permits for Washington State”.)

Contact: Appropriate Shorelands and Environmental
Assistance section of the Department of
Ecology (Olympia headquarters and Eastern
regional office) or the regional offices of the
Department of Fish and Wildlife (Appendix
B)

Local Regulations

Local jurisdictions can also have laws that will affect projects in
or adjacent to wetlands. The most common means of regulating
development in wetland areas is the local Shoreline Master Pro-
gram. Because there is considerable variation in the provisions
of local regulations, it will be necessary to contact local plan-
ning departments to determine which provisions affect a partic-
ular wetland. In many instances, local regulations may cover
wetlands not covered by federal and state regulations, and may
be more restrictive than federal and state regulations. Further-
more, the Washington Growth Management Act is intended to
designate wetland areas and is the responsibility of local govern-
ment. (See also Department of Ecology Publication 90-029,
“Permit Handbook: Commonly Required Environmental Per-
mits for Washington State”.)

Contact: Appropriate county (Appendix D), city, or
town authority

FOREST PRACTICES AND LAND CLEARING

A mine owner or operator must obtain approval from the DNR
before beginning any forest practice directly pertaining to forest
land that involves harvesting or processing timber, including but
not limited to:

Road and trail construction
Harvesting, final and intermediate
Precommercial thinning
Reforestation
Fertilization
Prevention and suppression of diseases and insects
Salvage of trees
Brush control

Local jurisdictions may require permits to clear land prior to
surface mining.

Authority: Chapter 76.09 RCW; Title 222 WAC; local
ordinances

Contact: Appropriate Department of Natural Re-
sources regional office (Appendix A) and ap-
propriate local jurisdiction (Appendix D)
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WATER QUALITY

The Washington Department of Ecology administers the Water
Pollution Control Act (Chapter 90.48 RCW), which is intended
to “insure the purity of all waters of the state consistent with
public health and public enjoyment thereof, the propagation and
protection of wildlife, birds, game fish and other aquatic life,
and the industrial development of the state.” If a water-quality
violation occurs at a surface mine, the Department of Ecology
regional office should be contacted for enforcement action.

The Department of Ecology currently can issue: water-qual-
ity certification; the state’s waste discharge permit; ground-wa-
ter discharge permit; and the National Pollutant Discharge Elim-
ination System (NPDES) permit, which is administered under
authority delegated by the U.S. Environmental Protection
Agency.

The Department of Ecology has a general permit for the sand
and gravel industry. This general permit regulates discharges of
process water, stormwater, and mine-dewatering water associ-
ated with sand and gravel operations, rock quarries, and similar
mining activities, including stockpiles of mined materials, con-
crete batch operations, and hot mix asphalt operations. Opera-
tors should apply directly to the Department of Ecology regional
offices to maintain compliance.

Authority: Chapters 90.48, 90.52, 90.54 RCW; Chapters
173-216 and 173-220 WAC; WAC 173-224-
040(1); the federal Clean Water Act (33
U.S.C. 1251–1387)

Contact: Appropriate Department of Ecology regional
office (Appendix B)

GROUND-WATER AND SURFACE-WATER
WITHDRAWAL

The Washington Department of Ecology regulates the with-
drawal of water from surface and underground sources. If a min-
ing activity requires the use of water, or if water rights are be-
lieved to have been affected by surface mining, the Department
of Ecology’s Water Resources section should be contacted.

Authority: Chapters 18.104, 43.27A, 90.03, 90.14,
90.16, 90.22, 90.44, 90.54 RCW; Chapters
508-12, 173-150, 173-160, 173-162 WAC

Contact: Appropriate Department of Ecology regional
office (Appendix B)

HYDRAULIC PROJECT APPROVAL (HPA)

Any work, including mining, that uses, diverts, obstructs, or
changes the natural flow or bed of any fresh-water or salt-water
body of the state requires approval from the Washington Depart-
ment of Fish and Wildlife.

Authority: RCW 75.20.100; Chapter 220-110 WAC

Contact: Appropriate Department of Fish and Wildlife
office (Appendix B)

LANDFILLS AND DUMPING

Local health districts and county governments are responsible
for site selection and regulation of landfill and dump operations.
The Washington Department of Ecology works in cooperation
with local governments in developing waste-management plans.

Authority: Chapter 70.95 RCW; Chapter 173-304 WAC;
local ordinances

Contact: Appropriate county planning department
(Appendix D), local health district (Appendix
F), or Department of Ecology regional office
(Appendix B)

HAZARDOUS WASTE

The Department of Ecology regulates the disposal of hazardous
waste under the supervision of the federal Environmental Pro-
tection Agency.

Authority: Chapter 70.105 RCW; Chapter 173-303
WAC; the federal Resource Conservation and
Recovery Act, 42 U.S.C. 6901 and following
sections

Contact: Appropriate Department of Ecology regional
office, Hazardous Waste section (Appendix
B)

AIR QUALITY

Definitions of air pollution in Washington are based on a set of
laws and regulations involving three levels of government, as
follows: (1) The federal government, through the Environmen-
tal Protection Agency, sets air-pollution standards that apply na-
tionally; (2) the state government, through the Department of
Ecology, is required to implement those standards and can (and
has) set stricter standards; and (3) local air-pollution-control
agencies also have broad responsibilities for implementing air-
pollution-control activities within their single- or multi-county
jurisdictions and have the power to set standards stricter than
those of the state and federal agencies.

The Department of Ecology or the local air-pollution-con-
trol authority has review and permit authority over rock crush-
ers, batch plants, fugitive dust emissions from mining opera-
tions, and haul roads and should be contacted for further infor-
mation.

Authority: Local ordinances; Chapters 43.21A and 70.94
RCW; Chapters 173-400, 173-405, 173-410,
173-415, 173-490 WAC; federal Clean Air
Act, 42 U.S.C. 7401 and following sections

Contact: Appropriate air-pollution-control authority or
Department of Ecology regional office
(Appendices B and G)

BURNING

Burning in preparation for surface mining or burning within a
surface-mine permit area may require a burning permit. All
types of outdoor fires may be subject to regulation, including
those to burn vegetation, forest slash, and wood debris, as well
as recreational fires.

Authority: Federal Clean Air Act, 42 U.S.C.; Chapter
76.04 RCW; Chapter 332-24 WAC

Contact: Appropriate DNR regional office (Appen-
dix A)

The local fire-protection agency may also re-
quire a burning permit
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ARCHAEOLOGICAL RESOURCES

The Office of Community Development (OCD) regulates ar-
chaeological excavations on state and private lands. The OCD
Office of Archaeology and Historic Preservation can determine
if historic or archaeological sites would be affected by mining.
An historic/archaeological excavation assessment may be re-
quired. An archaeological excavation permit required by RCW
27.53.060 must be obtained before the digging up of any archae-
ological resource or the excavation of any such site.

Mining projects may be subject to review under Section 106
of the National Historic Preservation Act of 1966 (NHPA). This
act requires that all federal agencies take into account the affect
of its actions on historic properties. Requirements of Section
106 review apply to any federal undertaking, funding, license,
or permit.

The Office of Archaeology and Historic Preservation is con-
sulted to help determine if the site has been surveyed, if there are
identified historical resources on-site, and if the property is
listed or eligible for listing on the National Register of Historic
Places.

Authority: Chapter 27.53 RCW; Chapter 25-48 WAC

Contact: Office of Community Development, Office
of Archaeology and Historic Preservation
(Appendix B)

THREATENED AND ENDANGERED SPECIES

The Endangered Species Act of 1973 (ESA) instructs federal
agencies to carry out programs to conserve endangered and
threatened species (plants and animals) and to conserve the eco-
systems on which these species depend.

The U.S. Fish and Wildlife Service (USFWS) in the Depart-
ment of the Interior and the National Marine Fisheries Service
(NMFS) in the Department of Commerce share responsibility
for administration of the ESA. They are responsible for ensuring
that government and citizen actions do no further harm to spe-
cies listed as endangered or threatened, as well as for developing
and implementing a plan for recovering the species to a stable
population. Generally, the NMFS deals with anadromous fish
(fish that migrate from salt water to fresh water to spawn) and
those species occurring in marine environments, while the
USFWS is responsible for terrestrial and freshwater species and
migratory birds.

The ESA requires the publication of 4(d) rules for species
listed as “threatened.” These 4(d) rules put “take” prohibitions
in place and also limit take prohibitions for specific categories
of activities that contribute to conserving listed species. The
USFWS has enacted a general 4(d) rule applying statutory take
prohibitions for endangered species and threatened species. The
NMFS does not have a general 4(d) rule and enacts 4(d) rules on
a more specific basis.

Authority: Threatened and Endangered Species Act;
50 CFR 17, 50 CFR 402–453.06

Contact: Department of Interior
U.S. Fish and Wildlife Service
Olympia State Office
510 Desmond Dr. SE, Suite 102
Lacey, WA 98503-1236
360-753-9440

National Marine Fisheries Service
Northwest Regional Office
7600 Sand Point Way NE
Seattle, WA 98115-0070
206-526-6150
William Stelle, Jr., Regional Administrator

OIL POLLUTION PREVENTION REGULATION

The Environmental Protection Agency’s Oil Pollution Preven-
tion regulation promulgated under the Clean Water Act and
amended under the Oil Pollution Act of 1990 addresses non-
transportation-related facilities. The main requirement of facili-
ties subject to the regulation is preparation and implementation
of a plan to prevent any discharge of oil into navigable waters of
the United States (including ground water). The plan is referred
to as a Spill Prevention Control and Countermeasure Plan
(SPCC Plan).

Authority: 40 CFR 112

Contact: U.S. Environmental Protection Agency
Mailstop ECL 117
1200 6th Ave.
Seattle, WA 98101
206-553-1090

NOXIOUS WEEDS

Weeds at mine sites are undesirable because they threaten native
vegetation and can make it very difficult to reclaim a mine site
for the planned subsequent use.

County weed control authorities, which administer Chapter
17.10 of the RCW, Washington’s Noxious Weed Control law,
can be contacted with regard to which weed species are present
and what they recommend for control of specific species of
weeds.

Certain aquatic and wetland plants have been designated as
noxious weeds by the Washington State Noxious Weed Control
Board. Generally, a permit from the Director of Agriculture is
required for transporting various plants or plant parts.

Trigger Activity: Transporting noxious plants
or plant parts

Authority: Chapter 17.10 RCW; Chapter 16-752 WAC

Contact: Department of Agriculture, Plant Services
Division (Appendix B)

Fee: None

MINING REGULATIONS IN WASHINGTON 7
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Issue Requirements Agency Citation

FEDERAL

Water quality
Sand and Gravel Discharge; Surface Water
Waste Discharge Permit; National Pollution

Discharge Elimination System (NPDES)
EPA/Ecology

33 U.S.C. 1251-1400
(see also 33 U.S.C. 402 and 404)

Water quality Water Quality Certification EPA 33 U.S.C. 401, federal Clean Water Act

Air quality Air Contaminant Source Operation Permit EPA 42 U.S.C. 7401 and following sections

Hazardous waste
treatment, storage or disposal

Dangerous (Hazardous) Waste Permit EPA 42 U.S.C. 6901-6992k

Threatened and
endangered species

Threatened and Endangered Species
Consultation and Clearance

Fish and Wildlife
Service

50 CFR 17 and 402-453.6

On-site oil spills
Spill Prevention, Control and
Countermeasure (SPCC) Plan

EPA 40 CFR 112

Activities near
surface water bodies

Dredge and Fill Permit
U.S. Army Corps

of Engineers
33 U.S.C. 404,

federal Clean Water Act

Mineral mining Plan of Operations USFS 36 CFR 228.4 and 228.5

Mineral mining Plan of Operations BLM 43 CFR 3809

Rights of way (access) USFS Right of Way Approvals USFS 36 CFR 228.12

Rights of way BLM Right of Way Approvals BLM 43 CFR 3809

Mine safety Explosives Use Permit MSHA
30 U.S.C. 801 and following sections

(Mine Safety and Health Act)

Mine safety Explosives Use Permit ATF 18 U.S.C. 840; 27 CFR 55

Miners safety Miners Training Plan Approval MSHA 30 CFR 48.21 and following sections

Wetlands preservation Various wetlands permits
U.S. Army Corps

of Engineers

Secs. 401 and 404 of 33 U.S.C. 1341-1344;
sec. 10 of the River & Harbor Act,

33 U.S.C. 403

Procedure National Environmental Policy Act (NEPA)
Appropriate

federal agency
40 CFR 1500-1508;

42 U.S.C. 4321 and following sections

STATE

Water quality Ground Water Waste Discharge Permit Ecology
Chapters 90.48, 90.52, 90.54 RCW;

Chapter 173-216 WAC

Water quality Surface Water Waste Discharge Permit Ecology
Chapter 90.48 RCW;

Chapters 173-220, 173-216 WAC

Water quality Water Quality Certification Ecology
Chapter 90.48 RCW;

Chapter 173-225 WAC

Water quality On-site Sewage System Permit Ecology
Chapter 90.48 RCW;

Chapter 173-240 WAC

Water quality
Temporary Modification of Receiving

Water Standards
Ecology

Chapter 90.48 RCW;
Chapters 173-201, 173-222 WAC

Air quality Prevention of Significant Deterioration Standards Ecology
Chapter 43.21A RCW;
Chapters 173-400 WAC

Air quality New Source Construction Approval Ecology
RCW 70.94.152;

Chapters173-400, 173-490 WAC

Air quality Air Contaminant Source Operation Permit Ecology
RCW 70.94.161;

Chapter 173-400 WAC

Air quality Burning Permits Ecology RCW 70.94.650 and following sections

Hazardous waste
treatment, storage or disposal

Dangerous (Hazardous) Waste Permit Ecology
Chapter 70.105 RCW;
Chapter 173-303 WAC

Water rights Surface Water Right Permit Ecology RCW 90.03.250 and following sections

Water rights Ground Water Right Permit Ecology RCW 90.44.060

Water rights Changes to Existing Water Rights—Certificates Ecology RCW 90.03.380, 90.44.100

Water rights Temporary Permit Ecology RCW 90.03.250

Water storage Reservoir Permit Ecology
RCW 90.03.370;

Chapter 508-12 WAC

Test well drilling Preliminary Permit Ecology RCW 90.03.290

Dam safety Dam Safety Approval Ecology RCW 90.03.350

Public water supply Public Water Supply Facilities Permit Ecology Chapter 43.21A RCW

Bodies of surface water Hydraulic Project Approval (HPA) Fish and Wildlife
RCW 75.20.100;

Chapter 220-110 WAC

Mine reclamation Reclamation Permit DNR
Chapter 78.44 RCW;
Chapter 332-18 WAC

Table 1. Summary of surface-mine permitting requirements
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Issue Requirements Agency Citation

Metals mining Metals Mining and Milling Act (numerous permits) Numerous Chapter 78.56 RCW

Forestry protection Burning Permit DNR
RCW 76.04.205;

Chapter 332-44 WAC

Forestry protection Forest Practices Approval DNR
Chapter 76.09 RCW;

Title 222 WAC

Wetlands preservation Various wetlands permits Ecology
RCW 90.58.140;

Chapters 90.03 and 90.44 RCW

Waste management Hazardous Waste Annual Reporting Ecology
Chapter 70.105 RCW;
Chapter 173-303 WAC

Flood control Flood Plain Management Permit Ecology
Chapter 86.16 RCW;

Chapter 173-158 WAC

Mine safety Explosive Use Permit
Labor and
Industries

Chapter 70.74 RCW;
WAC 296-52-437

Procedural State Environmental Policy Act (SEPA)
Appropriate state
or local agency

Chapter 43.21C RCW;
Chapter 197-11 WAC

LOCAL

Water quality On-site Sewage System County/city
Chapter 90.48 RCW;

Chapter 173-240 WAC

Air quality Burning permits County/city Chapter 70.94 RCW

Noise control Noise Control permits County/city
Chapter 70.107 RCW;
Chapter 173-60 WAC

Solid waste disposal Solid Waste Disposal Permit County/city
Chapter 70.95 RCW;

Chapter 173-304 WAC

Shorelines Substantial Development Permit County/city
RCW 90.58.140 (2);

Chapters 173-14,-16-20 WAC

Shorelines Conditional Use Permit County/city
RCW 90.58.100 (5);

Chapters 173-14, -16-20 WAC;
local ordinances

Local zoning and
regulation codes

Variances, conditional use permits,
building permits

County/city Titles 35 and 36 RCW

Pollution control On-site Sewage Disposal Permit County/city Local ordinances

Table 1. (continued)



Appendix A. Department of Natural Resources offices
(1-800-527-3305)

DIVISION OFFICES

Department of Natural Resources

Division of Aquatic Resources

PO Box 47027

Olympia, WA 98504-7027

360-902-1100

360-902-1786 fax

Department of Natural Resources

Division of Geology and Earth Resources

PO Box 47007

Olympia, WA 98504-7007

360-902-1450

360-902-1785 fax

REGIONAL OFFICES (see Fig. 1)

Department of Natural Resources

Central Region

1405 Rush Rd.

Chehalis, WA 98532-8763

360-748-2383

360-748-2387 fax

Department of Natural Resources

Northeast Region

PO Box 190

Colville, WA 99114-0190

509-684-7474

509-684-7484 fax

Department of Natural Resources

Northwest Region

919 N. Township St.

Sedro-Woolley, WA 98284-9333

360-856-3500

360-856-2150 fax

Department of Natural Resources

Olympic Region

Route 1, Box 1375

Forks, WA 98331-9797

360-374-6131

360-374-5446 fax

Department of Natural Resources

South Puget Sound Region

PO Box 68

Enumclaw, WA 98022-0068

360-825-1631

360-825-1672 fax

Department of Natural Resources

Southeast Region

713 Bowers Rd.

Ellensburg, WA 98926-9341

509-925-8510

509-925-8522 fax

Department of Natural Resources

Southwest Region

601 Bond Rd.

PO Box 280

Castle Rock, WA 98611-0280

360-577-2025

360-274-4196 fax

11



Appendix B. State agency offices

DEPARTMENT OF AGRICULTURE

Department of Agriculture

Plant Services Division

21 N. 1st Ave.

Yakima, WA 98902

Greg Hebraic

509-225-2604

DEPARTMENT OF ECOLOGY

Department of Ecology

Headquarters Office

PO Box 47600

Olympia, WA 98504-7600

360-407-6000

Department of Ecology

Central Regional Office

(Benton, Chelan, Douglas, Kittitas,

Klickitat, Okanogan, and Yakima counties)

106 S. 6th Ave.

Yakima, WA 98902-3387

509-575-2491

Department of Ecology

Eastern Regional Office

(Adams, Columbia, Ferry, Franklin, Garfield,

Grant, Lincoln, Pend Oreille, Spokane, Stevens,

Walla Walla, and Whitman counties)

4601 N. Monroe St., Suite 202

Spokane, WA 99205-1295

509-456-2926

Department of Ecology

Northwest Regional Office

(Island, King, Kitsap, San Juan, Skagit,

Snohomish, and Whatcom counties)

3190 160th Ave. SE

Bellevue, WA 98008-5452

425-649-7000

Department of Ecology

Southwest Regional Office

(Clallam, Clark, Cowlitz, Grays Harbor,

Jefferson, Lewis, Mason, Pacific, Pierce,

Skamania, Thurston, and Wahkiakum counties)

300 Desmond Dr. SE

Lacey, WA 98503

360-407-6000

DEPARTMENT OF FISH & WILDLIFE

Department of Fish & Wildlife

Headquarters Office

600 Capitol Way N.

Olympia, WA 98501-0191

360-753-5700

Department of Fish & Wildlife

Habitat Management Program

PO Box 43200

Olympia, WA 98501-1091

360-902-2534

Department of Fish & Wildlife

Marine Fish and Shellfish Program

PO Box 43200

Olympia, WA 98501-1091

360-902-2800

Department of Fish & Wildlife

Salmon & Steelhead Division

PO Box 43200

Olympia, WA 98501-1091

360-902-2661

Department of Fish & Wildlife

Marine Resources Division

PO Box 43200

Olympia, WA 98501-1091

Department of Fish & Wildlife

Spokane—Region No. 1

8702 N. Division St.

Spokane, WA 99218-1199

509-456-4082

Department of Fish & Wildlife

Ephrata—Region No. 2

1550 Alder St. NW

Ephrata, WA 98823-9699

509-754-4624

Department of Fish & Wildlife

Yakima—Region No. 3

1701 S. 24th Ave.

Yakima, WA 98902-5720

509-575-2740

Department of Fish & Wildlife

Mill Creek—Region No. 4

16018 Mill Creek Blvd.

Mill Creek, WA 98012-1296

425-775-1311

Department of Fish & Wildlife

Vancouver—Region No. 5

2108 Grand Blvd.

Vancouver, WA 98661-1299

360-696-6211

Department of Fish & Wildlife

Aberdeen—Region No. 6

48-B Devonshire Rd.

Montesano, WA 98563-0000

360-249-6522
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Department of Fish & Wildlife

Regulatory Services Program

Habitat Management Division

600 Capitol Way N.

Olympia, WA 98501-1091

360-753-3318

DEPARTMENT OF HEALTH

Department of Health

Division of Radiation Protection

NewMarket Industrial Campus

7171 Cleanwater Lane, Building 5

PO Box 47827

Olympia, WA 98504-7827

360-236-3300

DEPARTMENT OF LABOR & INDUSTRIES

Department of Labor & Industries

Explosive Licensing Section

PO Box 44648

Olympia, WA 98504

360-902-5563

Region 1 Offices

Department of Labor & Industries

Bellingham Field Services Location

1720 Ellis St., Suite 200

Bellingham, WA 98225

360-647-7300

Department of Labor & Industries

Everett Field Services Location

729 100th St. SE

Everett, WA 98208-3727

425-290-1300

Department of Labor & Industries

Mount Vernon Field Services Location

525 E. College Way, Suite H

Mount Vernon, WA 98273-5500

360-416-3000

Region 2 Offices

Department of Labor & Industries

Bellevue Field Services Location

616 120th Ave. NE, Suite C201

Bellevue, WA 98005

425-990-1400

Department of Labor & Industries

Seattle Field Services Location

300 W. Harrison

Seattle, WA 98119

206-281-5400

Department of Labor & Industries

Tukwila Field Services Location

12806 Gateway Dr.

Seattle, WA 98168-3311

206-248-8240

Region 3 Offices

Department of Labor & Industries

Bremerton Field Services Location

500 Pacific Ave.

Bremerton, WA 98337-1943

360-415-4000

Department of Labor & Industries

Port Angeles Field Services Location

1605 E. Front St., Suite C

Port Angeles, WA 98362-4628

360-417-2700

Department of Labor & Industries

Tacoma Field Services Location

305 Public Service Building

1305 Tacoma Ave. S., Room 305

Tacoma, WA 98402-1988

253-596-3800

Region 4 Offices

Department of Labor & Industries

Aberdeen Field Services Location

415 W. Wishkah, Suite 1B

Aberdeen, WA 98520-4315

360-533-8200

Department of Labor & Industries

Longview Field Services Location

900 Ocean Beach Hwy.

Longview, WA 98632-4013

360-575-6900

Department of Labor & Industries

Tumwater Field Services Location

7273 Linderson Way, Tumwater

PO Box 44850

Olympia, WA 98504-4850

360-902-5799

Department of Labor & Industries

Vancouver Field Services Location

312 SE Stonemill Dr., Suite 120

Vancouver, WA 98684-6982

360-896-2300

Region 5 Offices

Department of Labor & Industries

East Wenatchee Field Services Location

519 Grant Rd.

East Wenatchee, WA 98802

509-886-6500

Department of Labor & Industries

Kennewick Field Services Location

500 N. Morain, Suite 1110

Kennewick, WA 99336

509-735-0100

Department of Labor & Industries

Moses Lake Field Services Location

3001 W. Broadway

Moses Lake, WA 98837

509-764-6900
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Department of Labor & Industries

Okanogan Field Services Location

1234 S 2nd Ave.

PO Box 632

Okanogan, WA 98840

509-826-7345

Department of Labor & Industries

Walla Walla Field Services Location

1815 Portland Ave.

Walla Walla, WA 99362

509-527-4437

Department of Labor & Industries

Yakima Field Services Location

15 W. Yakima Ave., Suite 100

Yakima, WA 98902-3401

509-454-3700

Region 6 Offices

Department of Labor & Industries

Colville Field Services Location

298 S. Main, Suite 203

Colville, WA 99114

509-684-7417 or 800-509-9174

Department of Labor & Industries

Pullman Field Services Location

SE 1250 Bishop Blvd., Suite G

PO Box 847

Pullman, WA 99163

509-334-5296 or 800-509-0025

Department of Labor & Industries

Spokane Field Services Location

N. 901 Monroe, Suite 100

Spokane, WA 99201

509-324-2600 or 800-509-8847

DEPARTMENT OF TRANSPORTATION

Department of Transportation

Motor Carrier Services

921 Lakeridge Way SW

PO Box 47367

Olympia, WA 98504-7367

360-664-9494 or 800-562-6902

OFFICE OF COMMUNITY DEVELOPMENT

Office of Community Development

Office of Archaeology and Historic Preservation

420 Golf Club Rd. SE, Suite 201, Lacey

PO Box 48343

Olympia, WA 98504-8343

360-407-0752
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Appendix C. Federal land managers

U.S. DEPARTMENT OF AGRICULTURE
FOREST SERVICE

Colville National Forest

765 S. Main

Colville, WA 99114-2599

509-684-3711

Gifford Pinchot National Forest

6926 E. 4th Plain Blvd.

PO Box 894

Vancouver, WA 98666-0894

360-891-5000

Mt. Baker—Snoqualmie National Forest

21905 64th Ave. W.

Mountlake Terrace, WA 98043-2278

425-775-9702

Okanogan National Forest

1240 2nd Ave. S.

Okanogan, WA 98840-9723

509-826-3275

Olympic National Forest

1835 Black Lake Blvd. SW

Olympia, WA 98512-5623

360-956-2300

Wenatchee National Forest

301 Yakima St.

PO Box 811

Wenatchee, WA 98807-0811

509-662-4335

U.S. DEPARTMENT OF INTERIOR
NATIONAL PARK SERVICE

Pacific Northwest Regional Office

909 1st Ave.

Seattle, WA 98174-1103

206-220-4000

BUREAU OF LAND MANAGEMENT

Spokane District

4217 E. Main Ave.

Spokane, WA 99202-4742

509-353-2570

Wenatchee Resource Area

1133 Western Ave. N.

Wenatchee, WA 98801-1229

509-662-4223
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Appendix D. County planning agencies

Adams County Planning Commission

165 N. 1st

Othello, WA 99344-1061

509-488-9441

Asotin County Planning Commission

135 2nd St.

PO Box 160

Asotin, WA 99402-0160

509-243-2074

Benton County

Planning & Building Department

PO Box 910

Prosser, WA 99350-0910

509-786-5612

Benton–Franklin Regional Council

PO Box 217

Richland, WA 99352-0217

509-943-9185

Chelan County Regional Planning Commission

411 Washington St.

Wenatchee, WA 98801-2854

509-664-5225

Clallam County Planning Department

223 E. 4th St.

Port Angeles, WA 98362-3025

360-417-2321

Clark County Department of Public Services

Planning and Development Review Division

1408 Franklin St.

PO Box 9810

Vancouver, WA 98668-8810

360-699-2375

Columbia County Planning Department

341 E. Main

Dayton, WA 99328-1361

509-382-4676

Cowlitz County Department of

Community Development

207 4th Ave. N.

Kelso, WA 98626-4189

360-577-3052

Cowlitz–Wahkiakum Council of Governments

Administration Annex

207 4th Ave. N.

Kelso, WA 98626-4195

360-577-3041

Douglas County Regional Planning Department

470 9th St.

East Wenatchee, WA 98802-1503

509-884-7173

Ferry County Planning Department

PO Box 305

Republic, WA 99166-0305

509-775-5209

Franklin County Planning Department

Franklin County Courthouse

1016 N. 4th Ave.

Pasco, WA 99301-3776

509-545-3521

Garfield County Commissioner’s

Planning Department

PO Box 278

Pomeroy, WA 99347-0278

509-843-1391

Grant County Planning Commission

PO Box 37

Ephrata, WA 98823-0037

509-754-2011

Grays Harbor County Planning Department

PO Box 390

Montesano, WA 98563-0390

360-249-5579

Grays Harbor County Regional Planning

2109 Sumner Ave., Suite 202

Aberdeen, WA 98520-3699

360-532-8812

Island County Planning Commission

PO Box 5000

Coupeville, WA 98239-5000

360-679-7339

Jefferson County Planning Department

PO Box 1220

Port Townsend, WA 98368-1220

360-385-9140

King County Parks

Planning and Resources Department

506 2nd Ave., Room 1108

Seattle, WA 98104-2336

206-296-6704

Kitsap County Planning Department

Kitsap Regional Council

614 Division St.

Port Orchard, WA 98366-4676

360-876-7182

Kittitas County Planning Commission

Kittitas County Courthouse, Room 182

205 W. 5th Ave.

Ellensburg, WA 98926-2894

509-962-7506

Klickitat County Planning Department

228 W. Main St., Room 150

Goldendale, WA 98620-9597

509-773-5703
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Lewis County Planning Department

350 N. Market Blvd.

Chehalis, WA 98532-2626

360-740-1146

Lincoln County Planning Commission

PO Box 297

Davenport, WA 99122-0297

509-725-7911

Mason County

Department of Community Development

PO Box 578

Shelton, WA 98584-0578

360-427-9670

Okanogan County Planning Commission

237 4th Ave. N.

PO Box 1009

Okanogan, WA 98840-1009

509-422-7110

Pacific County Planning Department

PO Box 68

South Bend, WA 98586-0068

360-875-9356

Pacific County Regional Planning

PO Box 709

Raymond, WA 98577

Pend Oreille County Planning Department

PO Box 5066

Newport, WA 99156-5066

509-447-4821

Pierce County Planning & Land Services Department

2401 S. 35th St.

Tacoma, WA 98409-7490

253-591-7200

San Juan County Planning Department

PO Box 947

Friday Harbor, WA 98250-0947

360-378-2354

Skagit County Planning Department

County Administration Building, Room 204

Mount Vernon, WA 98273-3864

360-336-9410

Skamania County Planning Department

PO Box 790

Stevenson, WA 98648-0790

509-427-9458

Snohomish County Planning Department

3000 Rockefeller Ave.

Everett, WA 98201-4046

360-388-3313

Spokane County Planning Commission

1116 W. Broadway Ave.

Spokane, WA 99260-0020

509-456-3675

Stevens County Planning Department

Stevens County Courthouse Annex

260 S. Oak

PO Box 191

Colville, WA 99114-0191

509-684-2401

Thurston Regional Planning Council

2404 Heritage Ct. SW, #B

Olympia, WA 98502-6031

360-786-5480

Walla Walla County Regional Planning Commission

310 W. Popular, Room 117

Walla Walla, WA 99362-2865

509-527-3285

Whatcom County Planning Department

5280 Northwest Rd., Suite B

Bellingham, WA 98226-9094

360-676-6907

Whitman County Planning Department

PO Box 430

Colfax, WA 99111-0430

509-397-6212

Yakima County Planning Department

Yakima County Courthouse, Room 417

128 N. 2nd St.

Yakima, WA 98901-2631

509-575-2230

Yakima Valley Conference of Governments

6 S. 2nd St., Suite 605

Yakima, WA 98901-2618

509-574-1550

Puget Sound Regional Council

1011 Western Ave., #500

Seattle, WA 98104-1035
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Appendix E. Tribal contacts

Chehalis Confederated Tribes

Planner

PO Box 536

Oakville, WA 98568-0536

360-273-5911

Colville Confederated Tribes

Watershed Manager

PO Box 150

Nespelem, WA 99155-0150

509-634-8844

Hoh Tribe

Planner

HC 80 Box 917

Forks, WA 98331-0917

360-374-6582

Jamestown Klallam Tribe

Tribal Planner

1033 Old Blyn Hwy.

Sequim, WA 98382-9608

360-683-1109

Kalispel Tribe

Planning Director

PO Box 39

Usk, WA 99180-0039

509-445-1147

Lower Elwha Klallam Tribe

Business Manager

2851 Lower Elwha Rd.

Port Angeles, WA 98362-0000

360-452-8471

Lummi Nation

Planner

2616 Kwina Rd.

Bellingham, WA 98226-9298

360-647-6278

Makah Tribal Counsel

Economic Development Director

PO Box 115

Neah Bay, WA 98357-0115

360-645-2205

Muckleshoot Tribe

Planner

39015 172nd Ave. SE

Auburn, WA 98002-9763

360-939-3311

Nisqually Indian Tribe

Planning Director

4820 She-Nah-Num Dr. SE

Olympia, WA 98513-9199

360-456-5221

Nooksack Indian Tribe

Administrative Officer

5048 Mt. Baker Highway

PO Box 157

Deming, WA 98244-0157

360-592-5176

Port Gamble S-Klallam Tribe

Environmental Planner

PO Box 280

Kingston, WA 98346-0280

360-297-2646

Puyallup Tribe

Planning Director

2002 E. 28th St.

Tacoma, WA 98404-4996

253-597-6200

Quileute Tribe

Planning Director

PO Box 279

La Push, WA 98350-0279

360-374-6163

Quinault Indian Nation

Planning Director

PO Box 189

Taholah, WA 98587-0189

360-276-8211

Sauk-Suaittle Tribe

Chairman

5318 Chief Brown Ln.

Darrington, WA 98241-9421

360-436-0132

Shoalwater Bay Tribe

Tribal Administrator

PO Box 130

Tokeland, WA 98590-0130

360-267-6766

Skokomish Tribe

Fisheries Habitat Biologist

541 N. Tribal Center Rd.

Shelton, WA 98584-9748

360-877-5213

Squaxin Island Tribe

Community Development Planner

70 SE Squaxin Ln.

Shelton, WA 98584-9200

360-426-9781

Spokane Tribe of Indians

Planning Director

PO Box 100

Wellpinit, WA 99040-0100

509-258-4581
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Stillaguamish Tribe of Indians

Planner

3439 Stoluckquamish Ln.

PO Box 277

Arlington, WA 98223-0277

360-652-7362

Suquamish Tribe

Community Development Specialist

PO Box 498

Suquamish, WA 98392-0498

360-598-3311

Tulalip Tribes

Planning Director

6700 Totem Beach Rd.

Marysville, WA 98271-9694

360-653-4585

Upper Columbia United Tribes Director

Department of Biology

Mailstop: 72

Eastern Washington University

Cheney, WA 99004-2496

509-359-6397 or 509-359-7498

Yakima Indian Nation

Planner

PO Box 151

Toppenish, WA 98948-0151

509-865-5121

MINING REGULATIONS IN WASHINGTON 19



Appendix F. County public health districts

Adams County Health District

108 W. Main Ave.

Ritzville, WA 99169-1407

509-659-0090 ext. 262

Asotin County Health District

431 Elm St.

Clarkston, WA 99403-2694

509-758-3344

Benton–Franklin Health District

Environmental Health Division

800 W. Canal Dr.

Kennewick, WA 99336-3564

509-582-7761

Chelan–Douglas Health District

Environmental Health Division

411 Washington St.

Wenatchee, WA 98801-2887

509-664-5310

Clallam County Environmental Health

223 E. 4th St.

Port Angeles, WA 98362-3024

360-417-2415

Clark County

(see Southwest Washington Health District)

Columbia County Health District

Environmental Health Division

221 E. Washington Ave., Suite 101PH

Dayton, WA 99328-1317

509-382-3048

Cowlitz–Wahkiakum Health District

Environmental Health Services

PO Box 458

Longview, WA 98632-0458

360-577-0289

Douglas County

(see Chelan–Douglas Health District)

Ferry County

(see Northeast Tri-County Health District)

Franklin County

(see Benton–Franklin Health District)

Garfield County Health Department

Environmental Health Division

PO Box 130

Pomeroy, WA 99347-0130

509-843-3412

Grant County Health District

PO Box 37

Ephrata, WA 98823-0037

509-754-2011 ext. 397

Grays Harbor County Health Department

Environmental Health Division

PO Box 391

Montesano, WA 98563-0391

206-249-4413

Island County Environmental Health Department

PO Box 5000

Coupeville, WA 98239-5000

360-679-7350

Jefferson County Environmental Health Department

Castle Hill Center

615 Sheridan St.

Port Townsend, WA 98368-2439

360-385-9444

Bremerton–Kitsap County Health District

Environmental Health Division

109 Austin Dr.

Bremerton, WA 98312-1899

360-478-5285

Kittitas County Health Department

507 N. Nanum St., Room 102

Ellensburg, WA 98926-2898

509-962-7698

Klickitat County

(see Southwest Washington Health District)

Lewis County Health Department

Environmental Health

350 N. Market Blvd.

Chehalis, WA 98532-2626

360-740-1277

Lincoln County Environmental Health

PO Box 105

Davenport, WA 99122-0105

509-725-2501

Mason County Health Services

Environmental Health Section

426 W. Cedar

PO Box 1666

Shelton, WA 98584-1666

360-427-9670 ext. 553

Northeast Tri-County Health District

Environmental Health

260 S. Oak

PO Box 270

Colville, WA 99114-0270

509-684-2262

Okanogan County Health Department

Environmental Health Division

PO Box 231

Okanogan, WA 98840-0231

509-422-7140
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Pacific County Dept. of Community Development

Environmental Health Division

PO Box 68

South Bend, WA 98586-0068

360-875-9356

Pend Oreille County

(see Northeast Tri-County Health District)

Tacoma–Pierce County Health Department

Mailstop: EHD-015

3629 S. “D” St.

Tacoma, WA 98408-6895

253-591-6047

San Juan County Health Department

PO Box 607

Friday Harbor, WA 98250-0607

360-378-4474

Seattle–King County Department of Public Health

Environmental Health Division

506 2nd Ave., Room 201

Seattle, WA 98104-2336

206-296-4722

Skagit County Health Department

Administration Building, Room 301

700 S. 2nd St.

Mount Vernon, WA 98273-3864

360-336-9380

Skamania County

(see Southwest Washington Health District)

Snohomish Health District

Environmental Health Division

The Rucker Building

3020 Rucker Ave., Suite 102

Everett, WA 98201-3971

360-339-5250

Southwest Washington Health District

Environmental Health

PO Box 1870

Vancouver, WA 98663-1870

360-695-9215

Spokane County Health District

Environmental Health Division

1101 W. College Ave., Suite 402

Spokane, WA 99201-2037

509-324-1560

Stevens County

(see Northeast Tri-County Health District)

Thurston County Environmental Health

Building 1

2000 Lakeridge Dr. SW

Olympia, WA 98502-6090

360-786-5455

Wahkiakum County

(see Cowlitz–Wahkiakum Health District)

Walla Walla County–City Health Department

Environmental Health Division

310 W. Poplar

PO Box 1753

Walla Walla, WA 99362-1753

509-527-3290

Whatcom County Environmental Health

PO Box 935

Bellingham, WA 98227-0935

360-676-6724

Whitman County Health Department

Environmental Health Division

310 N. Main St.

Colfax, WA 99111-1893

509-397-6282

Yakima County Health Department

Environmental Health Division

104 N. 1st St.

Yakima, WA 98901-2667

509-575-4040
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Appendix G. Contacts for air-quality issues

WESTERN WASHINGTON

Department of Ecology

Northwest Regional Office

(Island, King, Kitsap, San Juan,

Skagit, and Snohomish counties)

3190 160th Ave. SE

Bellevue, WA 98008-5452

425-649-7100

Puget Sound Air Pollution Control Agency

(King, Kitsap, Pierce, and Snohomish counties)

110 Union St., Suite 500

Seattle, WA 98101-2012

Air Pollution Control Officer

206-343-8800

Everett—1-800-552-3565

Northwest Air Pollution Authority

(Island, Skagit, and Whatcom counties)

302 Pine St., #207

Mount Vernon, WA 98273-3852

Air Pollution Control Officer

360-428-1617

1-800-622-4627

Olympic Air Pollution Control Authority

(Clallam, Grays Harbor, Jefferson, Mason,

Pacific, and Thurston counties)

909 Sleater Kinney Rd. SE, #1

Lacey, WA 98503-1128

Air Pollution Control Officer

360-438-8768

Southwest Air Pollution Control Authority

(Clark, Cowlitz, Lewis, Skamania, and

Wahkiakum counties)

1308 NE 134th St.

Vancouver, WA 98685-2747

Air Pollution Control Officer

360-574-3058

EASTERN WASHINGTON

Department of Ecology

Central Regional Office

(Benton, Chelan, Douglas, Kittitas,

Klickitat, and Okanogan counties)

106 S. 6th Ave.

Yakima, WA 98902-3387

509-575-2490

Department of Ecology

Eastern Regional Office

(Ferry, Stevens, Pend Oreille, Lincoln,

Adams, Whitman, Asotin, Garfield,

Grant, and Columbia counties)

4601 N. Monroe, Suite 202

Spokane, WA 99205-1295

509-456-3114

Benton–Franklin Counties Clean Air Authority

650 George Washington Way

Richland, WA 99352-4289

Air Pollution Control Officer

509-545-2354

Grant County Clean Air Authority

PO Box 37

Ephrata, WA 98823-0037

Air Pollution Control Officer

509-754-2011

Spokane County

Air Pollution Control Authority

1101 W. College Ave., Suite 403

Spokane, WA 99201-2094

Air Quality Control Officer

509-456-4727

Yakima County Clean Air Authority

County Courthouse

128 N. 2nd St.

Yakima, WA 98901-2631

Air Pollution Control Officer

509-575-4116

FEDERAL

Environmental Protection Agency

Region 10, Mail Stop: AT-082

1200 6th Ave.

Seattle, WA 98101-3188

206-553-1275

Environmental Protection Agency

Operations Office

c/o Department of Ecology

PO Box 47600

Olympia, WA 98504-7600

360-753-9437
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Conversion Factors, Datum, and Abbreviations

SI to Inch/Pound

Multiply By To obtain

Length

meter (m) 3.281 foot (ft)

Area

square meter (m2) 0.0002471 acre
hectare (ha) 2.471 acre
square meter (m2) 10.76 square foot (ft2)
hectare (ha) 0.003861 square mile (mi2)

Mass

gram (g) 0.03527 ounce, avoirdupois (oz)
kilogram (kg) 2.205 pound avoirdupois (lb)

Density

gram per cubic centimeter (g/cm3) 62.4220 pound per cubic foot (lb/ft3)

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

LIST OF ABBREVIATIONS

BpS   LANDFIRE Biophysical Setting

CO2   Carbon dioxide

DOI   U.S. Department of the Interior

ESP   LANDFIRE Environmental Site Potential

EVT   LANDFIRE Existing Vegetation Type

FIA   USFS Forest Inventory and Analysis

GIS   Geographic Information System

LANDFIRE Landscape Fire and Resource Management Planning Tools Project

MODIS  Moderate Resolution Imaging Spectrometer

NBCD   National Biomass and Carbon Dataset

NLCD   National Land Cover Dataset

NRCS   USDA Natural Resources Conservation Service

NVCS   National Vegetation Classification Standard

SClass  LANDFIRE Succession Class

SSURGO  Soil Survey Geographic Database

STATSGO2 General Soil Map of the United States

USDA   U.S. Department of Agriculture

USFS   U.S. Forest Service

USGS   U.S. Geological Survey



Rapid Assessment of U.S. Forest and Soil 
Organic Carbon Storage and Forest Biomass 
Carbon Sequestration Capacity

By Eric T. Sundquist, Katherine V. Ackerman, Norman B. Bliss, Josef M. Kellndorfer, 
Matt C. Reeves, and Matthew G. Rollins

Abstract

This report provides results of a rapid assessment of biological carbon stocks and forest 
biomass carbon sequestration capacity in the conterminous United States. Maps available 
from the U.S. Department of Agriculture are used to calculate estimates of current organic 
carbon storage in soils (73 petagrams of carbon, or PgC) and forest biomass (17 PgC). Of 
these totals, 3.5 PgC of soil organic carbon and 0.8 PgC of forest biomass carbon occur on 
lands managed by the U.S. Department of the Interior (DOI). Maps of potential vegetation 
are used to estimate hypothetical forest biomass carbon sequestration capacities that are  
3–7 PgC higher than current forest biomass carbon storage in the conterminous United 
States. Most of the estimated hypothetical additional forest biomass carbon sequestration 
capacity is accrued in areas currently occupied by agriculture and development. Hypothetical 
forest biomass carbon sequestration capacities calculated for existing forests and woodlands 
are within ±1 PgC of estimated current forest biomass carbon storage. Hypothetical forest 
biomass sequestration capacities on lands managed by the DOI in the conterminous United 
States are 0–0.4 PgC higher than existing forest biomass carbon storage. Implications for 
forest and other land management practices are not considered in this report. Uncertainties 
in the values reported here are large and difficult to quantify, particularly for hypothetical 
carbon sequestration capacities. Nevertheless, this rapid assessment helps to frame policy and 
management discussion by providing estimates that can be compared to amounts necessary to 
reduce predicted future atmospheric carbon dioxide levels.
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Introduction

This report by the U.S. Geological Survey (USGS) 
provides the results of a rapid assessment of biological carbon 
stocks and biological carbon sequestration capacity in the 
conterminous United States. The rapid assessment, which 
includes estimates of storage and capacity for lands managed 
by the U.S. Department of the Interior (DOI), was requested 
by the DOI to provide timely and objective scientific informa-
tion in support of the DOI’s stewardship of land and natural 
resources. Assessment of nationwide biological carbon storage 
and carbon sequestration capacity is needed to determine 
effective ways to help reduce rising carbon dioxide (CO2) 
levels in the atmosphere. This rapid assessment also points 
toward the need for more data and knowledge to inform man-
agement and policy decisions.

Estimates of the amount of present-day biological carbon 
storage are important because they quantify a baseline for 
assessing potential future carbon storage gains or losses. 
Estimates of carbon sequestration capacity, or the total amount 
of carbon that might be stored under idealized conditions, are 
important because they can be used to quantify potential long-
term contributions to reducing the rise in atmospheric CO2 lev-
els. These estimates provide fundamental information needed 
to frame and inform national and international public discus-
sion of the broad range of options for carbon management.

This rapid assessment provides national estimates, 
including estimates for DOI lands, of (1) existing biological 
carbon storage on land, aboveground and belowground; and 
(2) hypothetical forest biomass carbon sequestration capacity 
on land, based on estimates of biomass in potential vegetation. 
Maps of existing and potential vegetation are used to calcu-
late carbon storage and hypothetical capacity. Hypothetical 
amounts of additional biomass carbon sequestration can be 
inferred from differences between estimates of carbon stored 
in existing vegetation and in potential vegetation.

Comparisons of existing vegetation to historical and 
potential vegetation have long been used to estimate effects 
of human land management on terrestrial carbon storage. 
Houghton and coworkers pioneered the calculation of time-
dependent effects of land-use change on historical carbon 
storage in soils and vegetation (Houghton and others, 1983). 
Houghton’s method was used to estimate a net loss of approxi-
mately 33 petagrams of carbon (PgC) from U.S. forests and 
soils between 1700 and 1990 (Houghton and Hackler, 2000). 
By comparing maps of natural vegetation (that is, vegetation 
prior to human disturbance) to a map of existing vegetation, 
DeFries and others (1999) inferred a net loss of approximately 
26–27 PgC from North American vegetation and soils that was 
due to land use prior to 1987. Estimates of historical depletion 
of biological carbon storage are widely utilized in estimates of 
future carbon sequestration capacity (for example, House and 
others, 2002; Ruddiman, 2007; Canadell and Raupach, 2008; 
Rhemtulla and others, 2009; Pongratz and others, 2009).

The results of the rapid assessment described in this 
report should be viewed as a research product rather than 
as a comprehensive resource assessment. Because maps of 
potential vegetation are inherently idealized or hypothetical, 
carbon sequestration capacities that are calculated from these 
maps must be regarded as hypothetical. Because the biomass 
calculations documented in this report are derived from a map 
that depicts only the distribution of forest biomass, nonforest 
biomass is not considered. This assessment is intended to pro-
vide timely and reproducible analysis based on available infor-
mation and is limited to approximations based on published 
datasets and idealized assumptions. The work described here 
is not intended to replace more detailed ongoing assessment 
activities such as those of the U.S. Forest Service (USFS),  
the U.S. Environmental Protection Agency (USEPA), and  
the USGS.

Data and Methods
The estimates in this report are derived from previously 

published datasets that characterize soil, vegetation, and 
potential vegetation within the conterminous United States. 
Organic carbon storage in soils is calculated from the Soil  
Survey Geographic (SSURGO) database developed by the 
U.S. Department of Agriculture (USDA) Natural Resources 
Conservation Service (NRCS). Carbon storage in forest bio-
mass is derived from the published database developed by the 
USDA Forest Service by Blackard and coworkers (Blackard 
and others, 2008). Forest biomass carbon sequestration capac-
ity is estimated by merging the USFS forest biomass database 
with maps of existing and potential vegetation distribution 
from the Landscape Fire and Resource Management Planning 
Tools Project (LANDFIRE) (Rollins, 2009).

Soil Organic Carbon

Estimates of organic carbon storage in existing soils are 
calculated from soil properties compiled in the SSURGO 
database. SSURGO data are available to the public through 
the NRCS Soil Data Mart Web site (http://soildatamart.
nrcs.usda.gov/). We use the geodatabase file “2009_q2_
nat_ssurgo_fgdb\SDM_Export.gdb,” which provides data 
that were updated during the second quarter of 2009. The 
SSURGO data are compiled at 1:24,000 map scale and are 
available for approximately 85 percent of the land area of 
the conterminous United States. Where SSURGO data are 
not available, estimates are supplemented by using data from 
the General Soil Map of the United States (also known as 
STATSGO2; http://soils.usda.gov/survey/geography/statsgo/). 
The STATSGO2 database is compiled at 1:250,000 map 
scale using a structure and methods similar to the SSURGO 
database. Soil data in the SSURGO and STATSGO2 databases 
were collected over a period of many years and thus represent 
generalized recent conditions.

http://soils.usda.gov/survey/geography/statsgo/
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Methods for calculating soil organic carbon storage are 
well established from previously published USGS estimates 
of soil carbon in the United States and DOI lands based on 
the STATSGO database (Bliss, 2003). The SSURGO and 
STATSGO2 databases define multiple soil layers, or hori-
zons, to represent changes in soil properties as a function of 
depth below the surface. The databases include, for each soil 
horizon, measures of depth, texture, particle-size distribution, 
bulk density, and organic matter. These records are a general-
ized representation of the soil-horizon information obtained 
in laboratory analysis of field samples. From these data, the 
mass of organic matter per unit of surface area is computed for 
each soil horizon. The values for organic matter are converted 
to a measure of soil organic carbon by multiplying by 0.58 
(Natural Resources Conservation Service, 2004, p. 347). 
Bedrock layers and rock fragments are excluded from the soil 
organic carbon analysis. Soil organic carbon values calculated 
for individual soil horizons are totaled to yield the soil organic 
carbon storage per unit area over the total soil profile, which is 
defined as all horizons present in the database.

SSURGO and STATSGO2 are relational databases that 
can be used to aggregate estimates of soil organic carbon 
storage from individual horizons and profiles to spatial 
soil units identified as soil components and map units. Soil 
components represent soil classification series that are not 
explicitly mapped but nevertheless distinguish important 
variations of soil characteristics that occur within soil map 
units. Soil map units can be displayed explicitly in maps. 
Percentages are specified in the databases to specify the 
relative areas of the components within each soil map unit. 
Estimates for individual horizons are combined to provide 
estimates for the total soil profile in each soil component. 
Component soil organic carbon values are then used to 
compute area-weighted averages based on the percentages 
specified in the databases to represent relative areas of 
the components within each map unit. If the sum of the 
component area percentages is less than 100 but greater than 
or equal to 55 percent, then the properties of the reported soils 
are extended to the apparently unreported soil area. If the sum 
of the component area percentages is less than 55 percent, 
then the map unit is recorded as “No Data” for SSURGO, and 
information is substituted from STATSGO2. Map units or 
components are given a soil organic carbon value of zero if 
they represent nonsoil (such as water, gravel pit, rock outcrop, 
and urban land). The map unit soil organic carbon averages  
are expressed as carbon intensity, in kilograms of carbon  
per square meter. These carbon intensities are mapped at  
300-meter (m) resolution. Gaps in the SSURGO database 
are filled by using carbon intensities calculated from the 
STATSGO2 database. The carbon intensities are multiplied  
by map-unit areas to get estimates of total soil organic  
carbon storage.

Biomass and Carbon in Existing Forest 
Vegetation

Estimates of biomass and carbon in existing forest 
vegetation are derived from the USFS database of Blackard 
and others (2008). This database provides maps of forest/
nonforest distribution, forest biomass, and forest biomass 
error at 250-m resolution for the conterminous United States, 
Alaska, and Puerto Rico. The dataset is based on ground-
measured plot data from the USFS Forest Inventory and 
Analysis (FIA) program. These data are linked as response 
variables to empirical models of geospatial predictor 
variables including data from the Moderate Resolution 
Imaging Spectrometer (MODIS; Justice and others, 2002), 
the USGS National Land Cover Dataset 2001 (NLCD92) 
(Vogelmann and others, 2001), and data representing climate 
and topography. The models are optimized by mathematical 
regression and classification methods and tested by using 
ground-measured data from randomly selected FIA plots that 
were withheld from the optimization process. Further details 
are described by Blackard and others (2008).

The USFS forest biomass dataset adheres as much as 
possible to the FIA definitions (prior to 2009) of forest land 
as requiring an area of at least 0.405 hectare (ha), a minimum 
continuous canopy width of 36.58 m with approximately  
5–10 percent cover by live trees (depending on forest type), 
and an understory that is undisturbed by nonforest land 
use such as residences and agriculture (Smith and others, 
2009). Areas that do not meet these criteria are classified as 
“nonforest” and no forest biomass is assigned. Because of 
this definition, our assessment does not include estimates of 
biomass carbon storage or sequestration capacity for nonforest 
areas, including shrublands and some woodlands.

The USFS forest biomass dataset of Blackard and 
others (2008) includes measures of model performance and 
uncertainty. Maps of uncertainty measures are available for 
forest/nonforest classification and forest biomass. These maps 
indicate important regional variations of systematic bias. For 
example, although State-level total biomass estimates are 
within 10 percent of plot-based estimates in 21 States, State-
level biomass estimates are significantly underestimated in 
California, Oregon, and Washington; and State-level biomass 
estimates are significantly overestimated in Alaska, Florida, 
Georgia, North Carolina, Oklahoma, Virginia, and West 
Virginia. These variations reflect an overall tendency for the 
modeled biomass to be overpredicted in areas of relatively 
small biomass and underpredicted in areas of relatively  
large biomass.

Following the approach of Blackard and others (2008), 
we estimate belowground biomass (roots) as 25 percent of 
aboveground predicted biomass (live trees, stumps, branches, 
and twigs) (Cairns and others, 1997), and we calculate 
biomass carbon as 50 percent of dry biomass (Houghton and 
Hackler, 2000).
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Biomass and Carbon in Potential Vegetation

The LANDFIRE Dataset

The LANDFIRE database provides maps at 30-m resolu-
tion of existing and potential vegetation, surface canopy and 
fuel characteristics, historical fire regimes, and other informa-
tion used in wildland fire management programs. The rapid 
assessment described in this report uses well-documented 
LANDFIRE national maps that represent the geospatial 
distribution of existing vegetation, potential vegetation, and 
successional stage.

The LANDFIRE map of existing vegetation type (EVT) 
represents the geospatial distribution of vegetation type and 
structure around the year 2000. Georeferenced field data are 
used to assign field plots to map units that are based on the 
NatureServe Ecological Systems classification (Comer and 
others, 2003). These field data and classifications are then inte-
grated with Landsat imagery and biophysical datasets to create 
wall-to-wall maps of existing vegetation type, canopy cover, 
and canopy height.

Potential vegetation is a long-established ecological 
concept, defined as the stable vegetation community that 
would occur as a result of ecological succession under certain 
specified historical and (or) biophysical conditions (Küchler, 
1964; Daubenmire, 1968; and Pfister and Arno, 1980). The 
LANDFIRE program provides two national potential vegeta-
tion maps. One map (called Environmental Site Potential, or 
ESP) represents the distribution of vegetation that could be 
supported at a given site based on the biophysical environment 
in the absence of disturbance. The other map (termed Biophys-
ical Setting, or BpS) indicates the distribution of vegetation 
in the presence of expected historical disturbances (such as 
fire, insects, disease, native grazing, and weather stress) prior 
to Euro-American settlement. These maps are combined with 
other spatial information and with dynamic vegetation models 
to develop maps of historical fire regimes, as well as current 
characteristics of fire fuels and vegetation. 

The LANDFIRE Succession Class (SClass) map repre-
sents the current successional states of vegetation as deter-
mined by combining LANDFIRE maps of existing vegetation 
(vegetation type, cover, and height) with the defined succes-
sional vegetation cover and height rules outlined in nationally 
consistent and locally reviewed dynamic vegetation models 
for each BpS map unit (Holsinger and others 2006). Using 
a common modeling framework (the Vegetation Dynamics 
Development Tool), several hundred regional ecologists and 
fire managers participated in multiple regional workshops 
to develop more than 1,000 vegetation models represent-
ing ecosystems throughout the conterminous United States. 
Model development was refined by extensive internal and 
external review. The resulting LANDFIRE succession classes 
categorize current vegetation composition and structure in as 
many as five successional states for each BpS vegetation map 

unit. Each BpS map unit is associated with a set of historical 
reference conditions expressed as area percentages of each 
succession class, derived by using the LANDSUM landscape 
simulation system. Further details describing the LANDFIRE 
maps and procedures are available on the Web at http://www.
landfire.gov/.

Potential Forest Vegetation Biomass and Carbon
We determine a range of hypothetical carbon sequestra-

tion capacities by linking the LANDFIRE potential vegeta-
tion datasets to the USFS estimates of existing forest biomass 
by Blackard and others (2008). Hypothetical distributions of 
vegetation types and succession classes from the LANDFIRE 
potential vegetation maps (ESP and BpS) are linked to cor-
responding biomass estimates derived from the distribution of 
biomass in existing vegetation. Two measures of hypothetical 
carbon sequestration capacity are derived based on the two 
LANDFIRE potential vegetation datasets. These measures are:
1. Hypothetical undisturbed forest biomass carbon seques-

tration capacity, defined as an estimate of carbon storage 
attributed to the distribution of ESP vegetation map units. 
Each ESP map unit is assigned a biomass determined 
from measurements of existing forest biomass in the 
highest (or latest) succession class of a corresponding 
existing vegetation type. This hypothetical capacity thus 
reflects an estimate of hypothetical undisturbed vegetation 
distribution combined with measurements of biomass in 
minimally disturbed (late-succession) existing forests.

2. Hypothetical historical forest biomass carbon 
sequestration capacity, defined as an estimate of carbon 
storage attributed to the distribution of BpS vegetation 
map units. Each BpS map unit is assigned a biomass 
determined from measurements of existing forest biomass 
across the range of succession classes for a corresponding 
existing vegetation type. The proportional distribution 
of succession classes for each vegetation type is taken 
from modeled reference conditions specified for each 
BpS unit. This hypothetical capacity thus represents an 
estimate of hypothetical pre-Euro-American distribution 
of vegetation types and successional stages combined 
with measurements of biomass in corresponding existing 
vegetation units.

By using straightforward geographic information system 
(GIS) techniques, USFS forest biomass and carbon values are 
merged with LANDFIRE EVT and SClass maps. Statistical 
metrics of biomass and carbon are determined for each SClass 
within each EVT vegetation type. Because LANDFIRE maps 
of existing and potential vegetation (EVT, ESP, and BpS) use 
identical vegetation classifications, the statistical analysis of 
existing biomass and carbon in EVT and SClass map units can 
be transferred to ESP and BpS map units according to vegeta-
tion type and appropriate succession stage.

http://www.landfire.gov/
http://www.landfire.gov/
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The methods of analysis can be summarized as follows:

1. LANDFIRE EVT and SClass maps are combined to 
yield a map of succession class distributions for each 
existing vegetation type.

2. Zonal statistics of USFS forest biomass values are 
determined for each succession class within each 
EVT vegetation type. This analysis provides the 
basis for extending the observed relationships to 
maps of potential vegetation.

3. Late-succession SClass values of biomass and car-
bon are applied to ESP map units. The resulting map 
represents hypothetical undisturbed forest biomass 
carbon sequestration capacity.

4. BpS historical reference conditions (expressed as 
percentages of SClass areas by map unit) are used  
to determine values of biomass and carbon for  
BpS map units. The resulting map represents hypo-
thetical historical forest biomass carbon sequestra-
tion capacity.

To be consistent with our estimates of carbon storage in exist-
ing vegetation, we estimate belowground biomass (roots) in 
potential vegetation as 25 percent of aboveground biomass 
(live trees, stumps, branches, and twigs) (Cairns and others, 
1997), and we calculate carbon in potential vegetation as  
50 percent of dry biomass (Houghton and Hackler, 2000).

Land Cover and Land Use

Any assessment of hypothetical biological carbon 
sequestration capacity must consider the relations between 
capacity estimates and existing land cover and land use. To be 
consistent with our application of the LANDFIRE dataset, we 
use general categories of land cover and land use taken from 
the LANDFIRE EVT map and data fields. These categories 
were extracted by the LANDFIRE program from the USGS 
National Land Cover Dataset 2001 (NLCD 2001) (Homer and 
others, 2004). We approximate the distribution of forests and 
woodlands to correspond to the “Tree-dominated” National 
Vegetation Classification System (NVCS) Order in the EVT 
dataset. We approximate the distribution of shrublands to 
correspond to the NVCS Order “Shrub-dominated” in the 
EVT dataset. We approximate the distribution of agricultural 
and developed land use to correspond to System Group ID 
codes 20–24 and 80–84 in the EVT dataset. Remaining areas 
are assumed to be grasslands and other herbaceous areas, 
nonvegetated areas, and open water. Estimates of carbon 
storage and hypothetical carbon sequestration capacity for 
these land cover/use categories are derived by using the 
selected EVT coverages as GIS masks to extract values from 
the corresponding datasets.

Lands Managed by the U.S. Department of the 
Interior

Polygons representing lands managed or administered 
by the U.S. Government are available online from the U.S. 
National Atlas at http://dds.cr.usgs.gov/pub/data/national-
atlas/fedlanp020.tar.gz. These polygons were projected and 
sorted by attribute to yield polygons of lands managed by the 
bureaus of the DOI (Bureau of Land Management, Bureau of 
Reclamation, Fish and Wildlife Service, and National Park 
Service). Estimates of carbon storage and hypothetical carbon 
sequestration capacity for DOI lands are derived by using the 
DOI bureau polygons as GIS masks to extract values from the 
corresponding datasets. For the rapid assessment, estimates 
are given for aggregate DOI lands only. Individual bureau 
estimates are not itemized.

Results and Discussion
Maps of existing soil organic carbon and existing for-

est biomass carbon in the conterminous United States are 
shown in figures 1 and 2, respectively. The estimated total soil 
organic carbon storage is 73 PgC (billion metric tons), and 
the estimated total forest biomass carbon is 17 PgC (table 1). 
Highest regional densities of soil organic carbon storage occur 
in the agricultural soils of the north-central Midwest, and 
highest densities of forest biomass carbon storage occur in the 
conifer forests of the Pacific Northwest.

A map of hypothetical undisturbed forest biomass 
carbon sequestration capacities is shown in figure 3, and 
a map of hypothetical historical forest biomass carbon 
sequestration capacities is shown in figure 4. Estimated 
capacity totals calculated from these maps are approximately 
24 (undisturbed) and 20 PgC (historical) (table 1). These totals 
are 7 and 3 PgC greater than the estimated existing forest 
biomass carbon storage shown in figure 2. Comparison of 
figures 3 and 4 to figure 2 shows that hypothetical increases 
in forest biomass carbon storage are apparent in every region 
of the country. As expected, estimates of forest biomass 
carbon sequestration capacities are greater under hypothetical 
undisturbed conditions (fig. 3) than under hypothetical 
historical conditions (fig. 4).

Interpretation of figures 1–4 requires knowledge of 
existing land cover and land use. The circa 2000 distribution 
of forests and woodlands, agriculture and developed areas, 
shrublands, and other categories are shown in figure 5. This 
map is used to extract totals from figures 1–4 to show the 
distribution of biological carbon storage and hypothetical 
forest biomass carbon sequestration capacities in relation to 
existing land cover and land use (table 1).

As shown in table 1, most of the differences between 
hypothetical forest biomass carbon sequestration capacities 

http://dds.cr.usgs.gov/pub/data/national-atlas/fedlanp020.tar.gz
http://dds.cr.usgs.gov/pub/data/national-atlas/fedlanp020.tar.gz
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Figure 1. Existing soil organic carbon, based on the SSURGO and STATGSO2 databases. Values shown represent the total soil profile.

Data from U.S. Department of Agriculture Natural Resources 
Conservation Service (NRCS), Soil Survey Geographic database 
(SSURGO), 2009, NAD 83, Albers Projection 
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Figure 2. Existing forest biomass carbon, based on the USFS forest biomass map by Blackard and others (2008).

Total biomass carbon, in kilograms per square meter 

EXPLANATION

0 5 10 15 >20

Data from Landscape Fire and Resource Management Planning 
Tools Project (LANDFIRE) and forest biomass map of 
Blackard and others, 2008, NAD 83, Albers Projection
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Figure 3. Hypothetical undisturbed forest biomass carbon sequestration capacity.

EXPLANATION

Total biomass carbon, in kilograms per square meter 

Data from Landscape Fire and Resource Management Planning 
Tools Project (LANDFIRE) and forest biomass map of 
Blackard and others, 2008, NAD 83, Albers Projection
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Figure 4. Hypothetical historical forest biomass carbon sequestration capacity.

Total biomass carbon, in kilograms per square meter

EXPLANATION

Data from Landscape Fire and Resource Management Planning 
Tools Project (LANDFIRE) and forest biomass map of 
Blackard and others, 2008, NAD 83, Albers Projection
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Figure 5. Land cover and land use for forests and woodlands, agriculture and developed areas, shrublands, and other categories, 
circa 2000. Data are from LANDFIRE and NLCD 2001.

EXPLANATION

Forest/woodland

Land use categories

Agriculture
Other (for example, grassland)

Shrubland

Developed

Data from Landscape Fire and Resource Management 
Planning Tools Project (LANDFIRE) and National Land 
Cover Database (NLCD) 2001, NAD 83, Albers Projection
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and existing forest biomass carbon storage are accrued in areas 
that are now occupied by agriculture and other forms of land 
development. This difference is of particular importance in 
determining practical potential for additional forest biomass 
carbon sequestration. Although agricultural soils are known to 
be capable of additional carbon sequestration (not estimated 
in this assessment), expansion of forest biomass in these areas 
would require changes in land use. In areas now occupied by 
forests and woodlands, differences between existing for-
est biomass carbon storage and hypothetical forest biomass 
carbon sequestration capacities are much smaller. Under our 
hypothetical undisturbed conditions, additional forest biomass 
carbon sequestration capacity is less than 1 PgC in existing 
forests and woodlands. Under our hypothetical historical con-
ditions, forest biomass carbon sequestration capacity is 1 PgC 
less than current storage in existing forests and woodlands. 
These differences between hypothetical and existing forest 
biomass totals are probably within the range of uncertainties in 
our assessment.

Lands managed by the U.S. Department of the Interior 
are shown in figure 6. Existing biological carbon storage and 
hypothetical forest biomass carbon sequestration capacities 
for these lands are shown in table 2. This table also shows a 
comparison to recent preliminary estimates of existing forest 
biomass carbon provided by the USFS FIA program (Linda 
Heath, U.S. Forest Service, written commun., 2009). The com-
parison with FIA biomass carbon data shows close agreement. 
The relationships between existing forest biomass carbon 
storage and hypothetical sequestration capacities are similar to 
those observed for existing forest areas shown in table 1.

Limitations of this Assessment

Uncertainties in this assessment are significant and 
difficult to estimate. Sources of uncertainty include field 
sampling and measurements, spatial extrapolations based 
on remotely sensed data, and differences in definitions and 
assumptions among the variety of datasets used. For example, 
the USFS forest biomass dataset used in this assessment 
is based on FIA definitions of forest land, whereas the 
LANDFIRE ecosystem classification system used in the 
assessment does not follow the FIA criteria to distinguish 
“forest” and “nonforest” categories. When these datasets are 
combined as in this rapid assessment, errors are introduced by 
inherent classification differences. Effects of these errors on 
overall uncertainties need to be more rigorously quantified in 
future work.

Uncertainties in hypothetical estimates of sequestra-
tion capacity are particularly problematic. By comparing 
our results with previously published results, (Bliss, 2003; 
Blackard and others, 2008), we estimate provisionally that 
our totals of soil organic carbon storage are accurate to within 
±30 percent, our totals of forest biomass carbon storage are 
accurate to within ±20 percent, and our totals of hypothetical 
forest biomass carbon sequestration capacities are accurate to 
within ±30 percent given the underlying hypothetical assump-
tions. Given these uncertainties, inferred differences between 
our calculated totals are obviously subject to large relative 
uncertainties. Nevertheless, we believe that the results shown 
in figures 1–4 and tables 1 and 2 represent an important first 

Table 1. Biological carbon storage and hypothetical forest biomass carbon sequestration capacity in the conterminous 
United States.

[Parentheses show areas in million hectares. NVCS, National Vegetation Classification System; LANDFIRE, Landscape Fire and Resource 
Management Planning Tools Project; EVT, existing vegetation type]

Existing land cover

Existing soil 
organic carbon

Existing forest 
biomass carbon

Hypothetical undisturbed 
forest biomass carbon 
sequestration capacity

Hypothetical historical 
forest biomass carbon 
sequestration capacity

All values are in petagrams of carbon

Forests and woodlands1 (266) 25.13 14.28 15.05 13.27

Agriculture and developed2 (221) 27.42 1.40 5.89 4.74

Shrublands3 (159) 9.67 0.67 1.63 0.93

Other4 (165) 11.20 0.66 1.37 0.88

Totals (811) 73.40 17.02 23.94 19.82
1NVCS Order “Tree-dominated” in LANDFIRE EVT dataset.
2System Group ID codes 20–24 and 80–84 in LANDFIRE EVT dataset.
3NVCS Order “Shrub-dominated” in LANDFIRE EVT dataset.
4Grasslands and other herbaceous areas, non-vegetated areas, and open water.
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Figure 6. Lands managed by the U.S. Department of the Interior.

Bureau of Reclamation

EXPLANATION

Bureau of Land Management

Fish and Wildlife Service

National Park Service

Map modified from federal lands shapefile retrieved from 
http://www.nationalatlas.gov/, accessed October 2009, 
NAD 83, Albers Projection
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step toward assessment of biological carbon sequestration 
capacities in the United States.

This rapid assessment is limited to direct calculations 
from existing datasets, supplemented by simple extrapolations 
and inferences taken from the scientific literature. Estimates 
for Alaska and Hawaii are not calculated because of the 
relatively limited data coverage in these States. Nonforest 
biomass is excluded because the USFS dataset of Blackard 
and others (2008) is restricted to forest biomass as defined for 
the FIA. Biomass carbon storage and sequestration capacities 
are not estimated for shrublands and other nonforest areas. The 
contribution of shrublands to estimates of hypothetical carbon 
sequestration capacity is not considered in this report.

Because of the complexities and large uncertainties 
apparent in the scientific literature concerning potential soil 
carbon sequestration, especially in forested lands, the rapid 
assessment does not include estimates of soil carbon seques-
tration capacity. Similarly, although our determinations of soil 
organic carbon include wetland soils, we have not estimated 
carbon storage in aquatic sediments or carbon sequestra-
tion capacity that might occur through wetland restoration or 
management of water impoundments. We have also omitted 
estimates of current carbon storage and sequestration capacity 
in forest accumulations of dead woody debris.

Throughout this report, we emphasize that our estimates 
of forest biomass carbon sequestration capacities are based on 
assumptions of hypothetical disturbance conditions derived 
from the LANDFIRE ESP and BpS maps. The ESP map is, 
by definition, a strictly hypothetical distribution based on 
the unrealistic assumption of no disturbance. The BpS map 
represents historical (pre-Euro-American settlement) condi-
tions, but BpS map units may not represent vegetation that can 
be expected to occur on the landscape under current or future 

conditions. For example, thresholds may have been crossed in 
the introduction of invasive plant species, soil modification, 
hydrologic engineering, urban development, forest manage-
ment, wildland fire suppression, and other practices that would 
make recurrence of historical conditions unrealistic. Changing 
climatic conditions may affect the current and future distri-
bution of vegetation types,and may induce more transient 
conditions than those represented by the BpS and ESP maps. 
Because they represent hypothetical disturbance conditions, 
the BpS and ESP maps cannot be subjected to quantitative 
validation or error analysis. These limitations are an important 
source of uncertainty in the results of the rapid assessment.

The results of this assessment require cautious inter-
pretation when applied to specific programs or projects. The 
calculated additions may not account for realistic effects of 
future changes in climate, land use, and availability of water 
and nutrients. Attaining historical or undisturbed sequestration 
capacities will also be constrained by costs and tradeoffs with 
respect to other resources, particularly agriculture. General-
ized capacity estimates that may be useful for large areas 
(such as continents or nations) may be inapplicable at more 
local scales. Similarly, capacity estimates may be useful in 
evaluating long-term policies for coming decades, but may not 
provide any information about time-dependent sequestration 
rates in the more immediate future.

Implications of this Assessment

Implications of this rapid assessment for policy and 
management are beyond the scope of this report. However, the 
assessment helps to frame policy and management discussions 
by providing information about existing biological carbon 

Table 2. Biological carbon storage and hypothetical forest biomass carbon sequestration capacity on lands managed by the 
U.S. Department of the Interior in the conterminous United States. 

[Parentheses show areas in million hectares. FIA, U.S. Forest Service Forest Inventory and Analysis]

Existing soil organic 
carbon

Existing forest biomass 
carbon, FIA1,2

Existing forest biomass 
carbon, this study

Hypothetical undisturbed 
forest biomass carbon 
sequestration capacity

Hypothetical historical 
forest biomass carbon 
sequestration capacity

All values are in petagrams of carbon

3.48 30.95 (17.2) 30.81 (91.6) 1.24 0.84
1FIA plot-based data are for 2003–05 depending on regional inventory schedule. These preliminary estimates are provided by Linda Heath (U.S. 

Forest Service, written commun., 2009), based on data from U.S. Forest Service (2009), and methods used for the official greenhouse gas invento-
ries (U.S. Department of Agriculture, 2008).

2FIA plot-based estimates not immediately available for the Bureau of Reclamation.
3Area for existing forest biomass carbon, FIA, is forest area only, using FIA forest-classification criteria. Area for existing forest biomass carbon, 

this study, is total area of forest and nonforest lands.
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storage and about biological carbon sequestration capacity. 
Differences between existing carbon storage and hypothetical 
historical or undisturbed carbon sequestration capacity repre-
sent a range of possible values for additional carbon sequestra-
tion. These values can be compared to amounts necessary to 
reduce predicted future atmospheric CO2 levels.

Further work is needed to establish whether the results of 
this assessment are robust upper limits for additional biologi-
cal carbon sequestration. Although the hypothetical historical 
and undisturbed conditions considered in this report might 
define scenarios for high amounts of forest carbon storage, 
the calculated forest biomass carbon sequestration capaci-
ties do not include factors that might lead to higher values. 
For example, future plant growth may be enhanced by CO2 
fertilization or nitrogen deposition, and carbon storage may be 
increased by accumulation of coarse woody debris in mature 
forests. Calculated sequestration capacities might be revised 
upward if higher biomass estimates are assigned on the basis 
of potential growth curves rather than the existing vegetation 
succession classes used in this assessment. On the other hand, 
consideration of other factors may cause sequestration capaci-
ties to be revised downward. In particular, effects of future 
changes in climate and land use may limit or decrease carbon 
storage in terrestrial ecosystems.

Improved assessment of biological carbon sequestration 
capacity will require understanding ecosystem processes and 
management options at more local scales than the maps used 
in this assessment. The approach described in this report can 
be extended to more detailed consideration of regional dif-
ferences and sources of error, but the national databases used 
in this assessment are inherently limited in their applicability 
at local scales. More detailed regional and local information 
will be essential to refining assessments of biological carbon 
sequestration capacity.

Scientists and resource managers within the U.S. Depart-
ment of the Interior are working together to identify prior-
ity ecosystems and areas where opportunities for enhanced 
biological carbon sequestration can be pursued, and where 
challenges for sustaining current levels of carbon storage need 
to be addressed. Scientific understanding of biological carbon 
storage requires broad interdisciplinary expertise, and manage-
ment of biological carbon storage requires recognition that 
carbon cannot be managed in isolation from other resources. 
Effective collaboration between scientists and resource 
managers requires ongoing consideration of a broad range of 
scientific issues and management options.

This rapid assessment is a first step toward comprehen-
sive assessment of biological carbon sequestration resources in 
the United States. Improved estimates of potential sequestra-
tion capacities and rates will depend ultimately on advances in 
understanding the changing environmental and human factors 
that affect biological carbon storage.
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Foreword

The Intergovernmental Panel on Climate Change (IPCC) was
jointly established by the World Meteorological Organization
(WMO) and the United Nations Environment Programme
(UNEP) in 1988 to: (i) assess available information on the sci-
ence, the impacts, and the economics of, and the options for
mitigating and/or adapting to, climate change; and (ii) provide,
on request, scientific/technical/socioeconomic advice to the
Conference of the Parties (COP) to the United Nations
Framework Convention on Climate Change (UNFCCC). Since
then, the IPCC has produced a series of Assessment Reports,
Special Reports, Technical Papers, methodologies, and other
products that have become standard works of reference, wide-
ly used by policymakers, scientists, and other experts.

The Special Report on Land Use, Land-Use Change, and
Forestry was prepared in response to a request from the United
Nations Framework Convention on Climate Change
(UNFCCC) Subsidiary Body for Scientific and Technological
Advice (SBSTA). At its Eighth Session in Bonn on 2–12 June
1998, SBSTA requested a report examining the scientific and
technical state of understanding for carbon sequestration strate-
gies related to land use, land-use change, and forestry activities
and relevant Articles of the Kyoto Protocol. The scope, struc-
ture, and outline of the Special Report was approved by the
IPCC in plenary meetings during its Fourteenth Session in
Vienna, Austria, from 1–3 October 1998.

This Special Report discusses the global carbon cycle and how
different land use and forestry activities currently affect stand-
ing carbon stocks and emissions of greenhouse gases. It also

looks forward and examines future carbon uptake and emis-
sions that may result from employing varying definitional sce-
narios and carbon accounting strategies, linked to the Kyoto
Protocol, within the forestry and land-use sectors. 

As is usual in the IPCC, success in producing this document
has depended on the enthusiasm and cooperation of volunteers
dispersed worldwide who give freely of their professional and
personal time. We would like to express our gratitude to all the
Coordinating Lead Authors, Lead Authors, Contributing
Authors, Review Editors, and Expert Reviewers. These indi-
viduals have expended considerable effort to produce this
report and we are extremely grateful for their commitment to
the IPCC process.

We would also like to express our sincere thanks to:

• Robert T. Watson — the Chairman of the IPCC and
Chair of this Special Report

• Ian Noble, Bert Bolin, and N. H. Ravindranath—the
Coordinators of this Special Report

• Neal Leary, Osvaldo Canziani, and Martin Manning
(Working Group II); David Griggs, Fortunat Joos, and
John Stone (Working Group I); and Bert Metz, Eduardo
Calvo, and Peter Kuikman (Working Group III)—the
Science Steering Committee for this Special Report

• David J. Verardo and the staff of the Working Group II
Technical Support Unit

• N. Sundararaman — the Secretary of the IPCC, and the
Secretariat staff.
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Secretary-General
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Executive Director
United Nations Environment Programme
and
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Preface

The Intergovernmental Panel on Climate Change (IPCC)
Special Report on Land Use, Land-Use Change, and Forestry
(SR-LULUCF) has been prepared in response to a request from
the United Nations Framework Convention on Climate Change
(UNFCCC) Subsidiary Body for Scientific and Technological
Advice (SBSTA). At its eighth session in Bonn, Germany, 2–12
June 1998, the SBSTA requested a report examining the scien-
tific and technical implications of carbon sequestration
strategies related to land use, land-use change, and forestry
activities. The scope, structure, and outline of this Special
Report was approved by the IPCC in plenary meetings during
its Fourteenth Session.

This Special Report examines several key questions relating to
the exchange of carbon between the atmosphere and the terres-
trial pool of aboveground biomass, below-ground biomass, and
soils. Vegetation exchanges carbon dioxide between the atmos-
phere and the terrestrial biosphere through photosynthesis and
plant and soil respiration. This natural exchange has been occur-
ring for hundreds of millions of years. Humans are changing the
natural rate of exchange of carbon between the atmosphere and
the terrestrial biosphere through land use, land-use change, and
forestry activities. Consequently, it is important to examine how
carbon flows between different pools and how carbon stocks
change in response to afforestation, reforestation, and defor-
estation (ARD) and other land-use activities.

The aim of the SR-LULUCF is to assist the Parties to the
Kyoto Protocol by providing relevant scientific and technical
information to describe how the global carbon cycle operates
and what the broad-scale opportunities and implications of
ARD and additional human-induced activities are, now and in
the future. This Special Report also identifies questions that
Parties to the Protocol may wish to consider regarding defini-
tions and accounting rules.

This Special Report should be helpful in the implementation of
relevant Articles in the Kyoto Protocol by providing information
about measurement and monitoring techniques for
assessing changes in carbon stocks in Annex I and non-Annex I
countries, the applicability of the Revised 1996 IPCC Guidelines
for National Greenhouse Gas Inventories for national and pro-
ject-level accounting, the implications of Articles 3.3 and 3.4,
and project activities relating to sustainable development.

This Special Report also estimates potential carbon yields from
ARD and additional activities by evaluating changes in carbon

stocks for different ecosystems, current land area converted per
year (Mha yr–1), and total land available for two different time
periods: near term (between now and the end of the first com-
mitment period) and longer term (1990–2040). Project experi-
ence is also provided for several projects, primarily in tropical
countries.

Implementation of the Kyoto Protocol requires mutually
acceptable definitions for a wide range of terms to ensure that
effective sequestration strategies are planned and implemented.
For instance, if key terms such as forests, afforestation, refor-
estation, and deforestation are not clearly defined or if carbon
accounting principles are not clearly established, it becomes
difficult to comprehend the implications of different land-use
activities. Hence, the challenge is to derive a set of definitions
that are simple and consistent with the aims of the UNFCCC
and the Kyoto Protocol. To achieve this goal, definitions should
be applicable to all Parties and be addressed using data that can
be readily accessed. This process will enable Parties to esti-
mate carbon stock changes that would need to be included in
the calculation of assigned amounts.

In examining issues relating to land use, land-use change, and
forestry, several critical scientific and technical questions pre-
sent themselves. What are the implications of using different
definitions or sets of definitions? Do the definitions need to be
flexible enough to accommodate our present understanding of
carbon dynamics while allowing for future innovations and
advances? How do we distinguish among direct human-
induced activities, indirect human-induced activities, and nat-
ural environmental variability that affects carbon uptake and
release? How do we differentiate between pre- and post-1990
direct human activities? How do we measure changes in carbon
stocks and flows in a transparent and verifiable manner over
time? How permanent are carbon stocks? To what extent do we
trade simplicity for accuracy in accounting?

In summary, the SR-LULUCF is written with a variety of ques-
tions in mind that examine the scientific and technical aspects
of carbon sequestration in agricultural and forestry sectors as
well as the implications of land use, land-use change, and
forestry activities on environmental and socioeconomic issues,
conservation, and sustainable resource management and devel-
opment issues.

Robert T. Watson and David J. Verardo
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1. Introduction

1. Under Article 3.1 of the Kyoto Protocol, the Annex I Parties
have agreed to limit and reduce their emissions of green-
house gases between 2008 and 2012.

2. The Kyoto Protocol makes provision for Annex I Parties to
take into account afforestation, reforestation, and defor-
estation (ARD) and other agreed land use, land-use change,
and forestry (LULUCF) activities in meeting their commit-
ments under Article 3.

3. To implement the Kyoto Protocol, issues related to LULUCF
will have to be considered. Relevant issues may include for
example:

• Definitions, including land-use change, forests, forestry
activities, including afforestation, reforestation, and
deforestation, carbon stocks, human-induced, and direct
human-induced;

• Methodological issues, such as:
➢ Rules for accounting for carbon stock changes and

for emissions and removals of greenhouse gases
from LULUCF activities, including:
– Which carbon pools to include;
– How to implement “since 1990,” “direct

human-induced,” and “human-induced”;
– How to address the risks and effects of events

such as fires, pest outbreaks, and extreme
meteorological events; baselines; permanence;
interannual and decadal climate variability;
and leakage;

– Accuracy, precision, and uncertainties in
tracking carbon stocks and greenhouse
gases;

➢ Approaches, such as geo-referencing and statisti-
cal sampling, associated with identifying lands
with activities defined under Article 3.3, accepted
under Article 3.4, or associated with project-based
activities under the Kyoto Protocol, and measuring
and estimating changes in carbon stocks and green-
house gases;

➢ Verification procedures;
• Determination of how and which additional activities

pursuant to Article 3.4 are included;
• How to link the first and subsequent commitment

periods;
• Determination of how and which project-based activi-

ties are included;
• What improvements, if any, are needed to the Revised

1996 IPCC Guidelines for National Greenhouse Gas
Inventories and the Good Practice Guidance and
Uncertainty Management in National Greenhouse Gas
Inventories;

• What are the implications of and what, if any, national
and/or international sustainable development criteria
could be associated with Articles 3.3 and 3.4 and pro-
ject-based activities.

4. Therefore, to assist the Parties to the Protocol, this Summary
for Policymakers (SPM) provides relevant scientific and
technical information in three parts:

• Part I describes how the global carbon cycle operates
and provides a context for the sections on ARD and
additional human-induced activities;

• Part II addresses important issues regarding definitions
and accounting rules. It identifies a range of options and
discusses implications and interrelationships among
options;

• Part III provides information that governments might
find useful in considering these issues:
➢ An assessment of the usefulness of models and of

the usefulness and costs of ground-based and
remotely-sensed measurements and of monitoring
techniques for assessing changes in carbon stocks;

➢ The near-term (first commitment period) poten-
tial for carbon stock changes/accounting of activ-
ities in Annex I countries and globally;

➢ Issues of special significance to project-based
activities;

➢ An evaluation of the applicability of the Revised
1996 IPCC Guidelines for National Greenhouse
Gas Inventories for national and project-level
accounting in light of the Kyoto Protocol;

➢ Implications of Articles 3.3 and 3.4 and project
activities on sustainable development (i.e., socioe-
conomic and environmental considerations).

Part I

2. Global Carbon Cycle Overview

5. The dynamics of terrestrial ecosystems depend on interac-
tions between a number of biogeochemical cycles, particu-
larly the carbon cycle, nutrient cycles, and the hydrological
cycle, all of which may be modified by human actions.
Terrestrial ecological systems, in which carbon is retained in
live biomass, decomposing organic matter, and soil, play an
important role in the global carbon cycle. Carbon is
exchanged naturally between these systems and the atmos-
phere through photosynthesis, respiration, decomposition,
and combustion. Human activities change carbon stocks in
these pools and exchanges between them and the atmosphere
through land use, land-use change, and forestry, among
other activities. Substantial amounts of carbon have been
released from forest clearing at high and middle latitudes
over the last several centuries, and in the tropics during the
latter part of the 20th century. [1.1.1.2]1

6. There is carbon uptake into both vegetation and soils in ter-
restrial ecosystems. Current carbon stocks are much larger

1. Numbers in brackets at the end of this and subsequent paragraphs
indicate relevant sections of the Special Report containing details.



in soils than in vegetation, particularly in non-forested
ecosystems in middle and high latitudes (see
Table 1). [1.3.1]

7. From 1850 to 1998, approximately 270 (+ 30) Gt C has
been emitted as carbon dioxide (CO2) into the atmosphere
from fossil fuel burning and cement production. About 136
(+ 55) Gt C has been emitted as a result of land-use change,
predominantly from forest ecosystems. This has led to an
increase in the atmospheric content of carbon dioxide of
176 (+ 10) Gt C. Atmospheric concentrations increased
from about 285 to 366 ppm (i.e., by ~28%), and about 43%
of the total emissions over this time have been retained in
the atmosphere. The remainder, about 230 (+ 60) Gt C, is
estimated to have been taken up in approximately equal
amounts in the oceans and the terrestrial ecosystems. Thus,
on balance, the terrestrial ecosystems appear to have been
a comparatively small net source of carbon dioxide during
this period. [1.2.1]

8. The average annual global carbon budgets for 1980–1989 and
1989–1998 are shown in Table 2. This table shows that the
rates and trends of carbon uptake in terrestrial ecosystems are
quite uncertain. However, during these two decades, terres-
trial ecosystems may have served as a small net sink for
carbon dioxide. This terrestrial sink seems to have occurred
in spite of net emissions into the atmosphere from land-use
change, primarily in the tropics, having been 1.7 ±
0.8 Gt C yr–1 and 1.6 ± 0.8 Gt C yr–1 during these two
decades, respectively. The net terrestrial carbon uptake, that
approximately balances the emissions from land-use change
in the tropics, results from land-use practices and natural
regrowth in middle and high latitudes, the indirect effects of
human activities (e.g., atmospheric CO2 fertilization and
nutrient deposition), and changing climate (both natural and
anthropogenic). It is presently not possible to determine the
relative importance of these different processes, which also
vary from region to region. [1.2.1 and Figure 1-1]

9. Ecosystem models indicate that the additional terrestrial
uptake of atmospheric carbon dioxide arising from the indi-
rect effects of human activities (e.g., CO2 fertilization and
nutrient deposition) on a global scale is likely to be main-
tained for a number of decades in forest ecosystems, but may
gradually diminish and forest ecosystems could even become
a source. One reason for this is that the capacity of ecosys-
tems for additional carbon uptake may be limited by nutri-
ents and other biophysical factors. A second reason is that the
rate of photosynthesis in some types of plants may no longer
increase as carbon dioxide concentration continues to rise,
whereas heterotrophic respiration is expected to rise with
increasing temperatures. A third reason is that ecosystem
degradation may result from climate change. These conclu-
sions consider the effect of future CO2 and climate change
on the present sink only and do not take into account future
deforestation or actions to enhance the terrestrial sinks for
which no comparable analyses have been made. Because of
current uncertainties in our understanding with respect to
acclimation of the physiological processes and climatic con-
straints and feedbacks amongst the processes, projections
beyond a few decades are highly uncertain. [1.3.3]

10. Newly planted or regenerating forests, in the absence of
major disturbances, will continue to uptake carbon for 20 to
50 years or more after establishment, depending on species
and site conditions, though quantitative projections beyond
a few decades are uncertain. [1.3.2.2]

11. Emissions of methane (CH4) and nitrous oxide (N2O)
are influenced by land use, land-use change, and forestry
activities (e.g., restoration of wetlands, biomass burning, and
fertilization of forests). Hence, to assess the greenhouse gas
implications of LULUCF activities, changes in CH4 and N2O
emissions and removals — the magnitude of which is highly
uncertain — would have to be considered explicitly. There are
currently no reliable global estimates of these emissions and
removals for LULUCF activities. [1.2.2, 1.2.3, 3.3.2]

Land Use, Land-Use Change, and Forestry4

Area Global Carbon Stocks (Gt C)
Biome (109 ha) Vegetation Soil Total

Tropical forests 1.76 212 216 428
Temperate forests 1.04 59 100 159
Boreal forests 1.37 88 471 559
Tropical savannas 2.25 66 264 330
Temperate grasslands 1.25 9 295 304
Deserts and semideserts 4.55 8 191 199
Tundra 0.95 6 121 127
Wetlands 0.35 15 225 240
Croplands 1.60 3 128 131

Total 15.12 466 2 011 2 477

Note: There is considerable uncertainty in the numbers given, because of ambiguity of definitions of biomes, but the table still provides an overview of the
magnitude of carbon stocks in terrestrial systems.

Table 1: Global carbon stocks in vegetation and soil carbon pools down to a depth of 1 m.



Part II

3. Issues Associated with Definitions

12. For purposes of this Special Report, in a given land area and
time period, a full carbon accounting system would consist
of a complete accounting for changes in carbon stocks across
all carbon pools. Applying full carbon accounting to all
land in each country would, in principle, yield the net carbon
exchange between terrestrial ecosystems and the atmos-
phere. However, the Kyoto Protocol specifies, among other
things, that attention focus onto those land areas subject to
“direct human-induced” activities since 1990 (Article 3.3) or
human-induced activities (Article 3.4). [2.3.2.5]

3.1 Forests, Afforestation, Reforestation, and Deforestation

13. There are many possible definitions of a “forest” and
approaches to the meaning of the terms “afforestation,”
“reforestation,” and “deforestation” (ARD). The choice of
definitions will determine how much and which land in
Annex I countries are included under the provisions of
Article 3.3, lands associated with activities included under
Article 3.3 (hereafter “lands under Article 3.3”). The amount
of land included will have implications for the changes in
carbon stocks accounted for under Article 3.3. [2.2.2, 2.2.3,
3.2, 3.5.2, 3.5.3]

14. Seven definitional scenarios were developed that combine
definitions of forest and ARD and reflect a range of
approaches that can be taken. The scenarios are not intend-
ed to be exhaustive. They can be split into two representative
groups, which are discussed in the SPM: (1) scenarios in
which only a forest/non-forest conversion (i.e., a land-use
change triggers accounting under Article 3.3) (e.g., IPCC
Definitional Scenario), and (2) scenarios in which land-
cover change or activities trigger accounting under Article
3.3 (e.g., FAO Definitional Scenario). [2.2.2, 2.2.3, 3.2,
3.5.2, 3.5.3, Table 3-4]

15. Countries have defined forests and other wooded lands, for
a number of national and international purposes, in terms of
(i) legal, administrative, or cultural requirements; (ii) land
use; (iii) canopy cover; or (iv) carbon density (essentially bio-
mass density). Such definitions were not designed with the
Kyoto Protocol in mind and, thus, they may not necessari-
ly suffice for the particular needs of Articles 3.3 and 3.4.
[2.2.2, 3.2]

16. Forest definitions based on legal, administrative, or cultur-
al considerations have limitations for carbon accounting as
they may bear little relationship to the amount of carbon at
a site. [2.2.2, 3.2]

17. Most definitions of forest are based in part on a single
threshold of minimum canopy cover. However, such defin-
itions may allow changes in carbon stocks to remain unac-
counted under Article 3.3. For example, if a high threshold
for canopy cover (e.g., 70% canopy cover) is used in the def-
inition of a forest, then many areas of sparse forest and
woodland could be cleared or could increase in cover with-
out the losses or gains in carbon being counted under Article
3.3. If a low threshold is set (e.g., 10% canopy cover), then
dense forest could be heavily degraded and significant
amounts of carbon released, without the actions being des-
ignated as deforestation. Similarly, a forest, for example
with 15% canopy cover, could be considerably enhanced
without the actions qualifying as reforestation or afforesta-
tion under Article 3.3. Approaches to address partly these
problems may include, inter alia, using national, regional, or
biome-specific thresholds (e.g., a low canopy cover for
savannas and a high canopy cover for moist forests). [2.2.2,
3.2, 3.3.2]

18. Definitions of forests based on carbon-density thresholds
have similar issues with respect to thresholds as canopy
cover-based definitions. [2.2.2]

19. There are a number of approaches to definitions of afforesta-
tion, reforestation, and deforestation. One approach involves

5Land Use, Land-Use Change, and Forestry

1980 to 1989 1989 to 1998

1) Emissions from fossil fuel combustion and cement production 5.5 ± 0.5 6.3 ± 0.6a

2) Storage in the atmosphere 3.3 ± 0.2 3.3 ± 0.2

3) Ocean uptake 2.0 ± 0.8 2.3 ± 0.8

4) Net terrestrial uptake = (1) – [(2)+(3)] 0.2 ± 1.0 0.7 ± 1.0

5) Emissions from land-use change 1.7 ± 0.8 1.6 ± 0.8b

6) Residual terrestrial uptake = (4)+(5) 1.9 ± 1.3 2.3 ± 1.3

a Note that there is a one-year overlap (1989) between the two decadal time periods.
b This number is the average annual emissions for 1989–1995, for which data are available.

Table 2: Average annual budget of CO2 for 1980 to 1989 and for 1989 to 1998, expressed in Gt C yr-1 (error limits correspond to
an estimated 90% confidence interval).



the concept of land-use change. Deforestation can be defined
as the conversion of forest land to non-forest land.
Reforestation and afforestation can be defined as the con-
version of non-forested lands to forests with the only dif-
ference being the length of time during which the land was
without forest. [2.2.3, 3.2]

20. An alternative definition of deforestation might be based
on a decrease in the canopy cover or carbon density by a
given amount or crossing one of a sequence of thresholds.
Similarly, afforestation and reforestation could be defined in
terms of an increase in canopy cover or carbon density.
None of these definitions involves the concept of a land-use
change. [2.2.2, 3.2]

21. Definitions of a forest based strictly on actual canopy cover
without consideration of potential canopy cover could lead
to harvesting and shifting agriculture being referred to as
deforestation and to regeneration being referred to as refor-
estation, thus creating additional areas of lands under Article
3.3. If the definition of a forest was based on the potential
canopy cover at maturity under planned land-use practices,
harvesting/regeneration activities may not fall under Article
3.3. [2.2.2, 2.2.3, 3.2]

22. Some commonly used definitions of reforestation include the
activity of regenerating trees immediately after disturbance
or harvesting where no land-use change occurs. If, for exam-
ple, the definition of deforestation or the accounting system
do not include disturbance and harvesting, then emissions
from a harvested stand will not be accounted for. In this
particular example, uptake due to regeneration would be
accounted for, resulting in potentially significant credits for
which a corresponding net removal of carbon from the
atmosphere would not occur. This issue could be considered
when developing the accounting system. [2.2.3.2]

23. There are several consequences of using definitions that lead
to the creation of lands under Article 3.3 by the harvest-
regeneration cycle (i.e., where harvesting is included in the
definition of deforestation, or regeneration is included in the
definition of reforestation). For example, a forest estate man-
aged on a sustainable-yield basis where an area of forest is cut
in a regular cycle (e.g., 1/50th of the forest is harvested and
regenerated each year on a 50-year rotation cycle) may be in
approximate carbon balance. However, in this case, only those
stands harvested or regenerated since 1990 would be consid-
ered lands under Article 3.3. The regrowth (carbon sink) on
these lands will be less than the carbon emissions due to har-
vesting until all stands of the estate are lands under Article 3.3.
Different definitional and accounting approaches would have
different accounting consequences. For example:

• If emissions from harvesting during a commitment peri-
od are counted (land-based approach I; see Table 3), then
during the first and subsequent commitment periods a
net debit could arise from a managed forest estate that
is approximately in carbon balance;

• If emissions from harvesting during a commitment
period prior to regeneration are not counted (land-
based approach II; see Table 3), then during the first
and subsequent commitment periods a net credit
would generally arise from a managed forest estate
that is approximately in carbon balance. This may be
offset to some extent by delayed emissions from soils
and harvest residues;

• If emissions from harvesting during a commitment peri-
od are not counted (activity-based approach; see
Table 3), then during the first and subsequent commit-
ment periods a net credit would arise from regeneration
in a managed forest estate that is approximately in
carbon balance. It would be practically very difficult to
separate changes in soil carbon pools associated with
harvesting and regeneration activities.

In each of these approaches the accounted stock changes
would generally be different from the actual net exchange of
carbon between this example forest estate and the atmosphere
during a commitment period. [3.2, 3.5.2]

24. Afforestation is usually defined as the establishment of for-
est on land that has been without forest for a period of time
(e.g., 20–50 years or more) and was previously under a
different land use. The precise period that distinguishes
afforested from reforested land is not important in account-
ing for lands covered under Article 3.3 provided afforestation
and reforestation are treated identically under the Protocol,
as they are in the Revised 1996 IPCC Guidelines for National
Greenhouse Gas Inventories.2 [2.2.3, 3.3.2]

25. Article 3.3 encompasses ARD activities that have occurred
since 1990 but recognizes only verifiable carbon stock
changes in each commitment period. This has several impli-
cations. For example:

• For lands deforested between 1990 and the beginning
of the first commitment period only a fraction of
carbon stock changes (such as those from delayed
carbon emissions from soil and wood products if they
are accounted) will occur during the commitment
period and would be debited under Article 3.3. If these

Land Use, Land-Use Change, and Forestry6

2. The Glossary of the Revised 1996 IPCC Guidelines describes
afforestation as “Planting of new forests on lands which, historically,
have not contained forests. These newly created forests are included in
the category Changes in Forest and Other Woody Biomass Stocks in
the Land Use Change and Forestry module of the emissions inventory
calculations” and reforestation as “Planting of forests on lands which
have, historically, previously contained forests but which have been
converted to some other use. Replanted forests are included in the cate-
gory Changes in Forest and Other Woody Biomass Stocks in the Land
Use Change and Forestry module of the emissions inventory calcula-
tions.” Deforestation does not appear in the Glossary of the Revised
1996 IPCC Guidelines. The Revised 1996 IPCC Guidelines state,
referring to land-use change, that “Conversion of forests is also
referred to as ‘deforestation’ and it is frequently accompanied by
burning.” The Revised 1996 IPCC Guidelines were developed before
the Kyoto Protocol was adopted and therefore provisions may not be
sufficient to meet the needs of the Kyoto Protocol.
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Estimated Range of Accounted Average Annual Stock
Change 2008–2012 (Mt C yr–1)

Includes carbon in aboveground and below-ground biomass,
AR Average Area Change (Mha yr–1) excludes carbon in soils and in dead organic matter

Rate of Uptake Conversion FAO Definitional FAO Definitional FAO Definitional
(t C ha–1 yr–1); between Scenario, Scenario, Scenario, IPCC

D Average Stock Post-Harvest Non-Forest Land-Based I Land-Based II Activity-Based Definitional
Region Activity (t C ha–1) Regeneration and Forest Accounting Accounting Accounting Scenario

Boreal Region AR 0.4 to 1.2 3.1 0.1 –209 to –162 –56 to –8 5 to 48 0 to 2
Total (= Annex I) D 35 0.5 –18 –18 –18 –18

Total ARD –227 to –180 –74 to –26 –13 to 30 –18 to –16

Temperate Region AR 1.5 to 4.5 5.4 0.5 -550 to -81 -134 to 303 81 to 519 7 to 44
Annex I D 60 1.2 -72 -72 -72 -72

Total ARD -622 to -153 -206 to 231 9 to 447 -65 to -28

Annex I Total AR 8.5 0.6 -759 to -243 -190 to 295 87 to 573 7 to 46
D 1.7 –90 –90 –90 –90

Total ARD –849 to –333 –280 to 205 –3 to 483 –83 to –44

Temperate Region AR 1.5 to 4.5 n/a 1.9 n/a n/a n/a 27 to 167
Total D 60 2.1 –126 –126 –126 –126

Total ARD n/a n/a n/a –99 to 41

Tropical Region AR 4 to 8 n/a 2.6 n/a n/a n/a 170 to 415
Total D 120 13.7 –1644 –1644 –1644 –1644

Total ARD n/a n/a n/a –1474 to –1229

Global Total AR n/a 4.6 n/a n/a n/a 197 to 584
(summing regional D 16.3 –1788 –788 –1788 –1788
totals) Total ARD n/a n/a n/a –1591 to –1204

Notes: n/a = no number is provided because the area of regeneration after harvest in the tropical region and part of the temperate region was not available. In addition, regeneration after selective cutting, as it is often
used in the tropics, is difficult to capture with the FAO Definitional Scenario. It is assumed that recent area conversion rates [“recent” = for Annex I Parties AR late 1980s/early 1990s and for D 1980s (except for Canada
and Russian Federation early 1990s); ARD in other regions 1980s] have applied since 1990, and will continue to do so until 2012. The IPCC Definitional Scenario includes transitions between forest and non-forest land
uses under Article 3.3. For the purposes of this table, it is assumed that not only planting, but also other forms of stand establishment such as natural establishment, are considered AR activities. The FAO Definitional
Scenario includes the harvest/regeneration cycle, because regeneration is defined as reforestation. Within the FAO Definitional Scenario, three accounting approaches are distinguished (see paragraph 25 and Section
3.3.2). Uptake rates are intended to span the range within which the average value for each region is expected to be. The lower bound of the estimated average annual stock change corresponds to the lower uptake rate in
AR and the higher bound to the higher uptake rate. Trees have been assumed to grow according to a sigmoidal growth curve. Estimated area for conversion between non-forest and forest should be regarded as an upper
limit for the temperate region total and the tropical region, because some countries may have reported plantations for 1990 but not for 1980, and because some of the plantations may not qualify as resulting from AR
activities under the IPCC Definitional Scenario. Also, for tropical countries, the deforestation estimates are very uncertain and could be in error by as much as ±50%.

Table 3: Estimate of accounted average annual carbon stock change for ARD activities. The IPCC and FAO Definitional Scenarios and three accounting approaches under
the FAO Definitional Scenario have been applied to illustrate with the available data the effect of different accounting approaches. Other Definitional Scenarios described in
Chapter 3, Table 3-4, have not been included in this analysis. The figures and ranges of values in the table are illustrative, provide first-order estimates, and may not encom-
pass the full range of uncertainties. Negative numbers indicate carbon emissions and positive numbers carbon removals. For details, see Table 3-17 in Chapter 3.



lands are subsequently reforested then there may be an
increase in carbon stocks during the commitment
period and a credit under Article 3.3. This would mean
that the credit received would not match the actual
carbon stock changes or the net exchanges of carbon
with the atmosphere since 1990;

• Another accounting issue could arise when land is
reforested or afforested between 1990 and 2008 but
stocks are reduced either by harvesting or natural
disturbance during a commitment period. Even though
the forest area and possibly carbon stocks may have
increased since 1990, a debit could be recorded in a
commitment period. This creates the possibility of a
negative incentive for establishing forests well in
advance of the first commitment period, because any
stock increase prior to 2008 would not be credited but
the later loss of this stock would be debited.

Such outcomes could possibly be addressed through
different combinations of definitional and accounting
approaches. [3.3.2]

26. There are definitional and carbon accounting issues
concerning drawing a clear boundary between natural phe-
nomena and human-induced activities, when, for example,
significant forest losses occur as a result of fires or distur-
bances such as pest outbreaks. In cases involving lands
under Article 3.3 or 3.4 where fires or pest outbreaks occur
in a forest, a question is whether accounting should, inter
alia: (i) count neither the loss nor subsequent uptake of car-
bon (which reflects the actual net change in carbon stocks on
those lands and exchange of carbon with the atmosphere in
the long term, but creates problems in continuing to account
for the area burnt/defoliated as lands under Article 3.3 or 3.4);
(ii) count both the loss and subsequent uptake of carbon
(which reflects the actual net change in carbon stocks on
those lands and exchange of carbon with the atmosphere, but
creates an initial carbon debit for the Party concerned);
(iii) count only the loss of carbon (which would overestimate
the actual losses of carbon stocks, not represent the
exchanges of carbon with the atmosphere, and create future
accounting problems); or (iv) count only the subsequent
uptake (which would fail to reflect the actual changes in
carbon stock and would not represent the exchanges of car-
bon with the atmosphere, and would provide carbon credits
for the Party concerned). [2.2.3.3]

27. In cases involving lands that do not fall under Articles 3.3 or
3.4, where fires or pest outbreaks trigger land-use change, the
consequences are similar to deforestation. If similar vege-
tation cover is allowed to regenerate, such disturbances may
not lead to a long-term change in carbon stocks. [2.4.4,
2.2.3, 2.3.3]

3.2 Additional Activities3

28. When the inclusion of additional activities under Article 3.4
is considered, it is possible to interpret “activity” broadly

(e.g., cropland management) or narrowly (e.g., change in
tillage method, fertilization, or cover crops). Under either
interpretation, it is, in principle, possible to choose either a
land-based or an activity-based method of carbon account-
ing or a combination of both (see Section 4). These combined
choices will affect the accuracy, feasibility, cost, trans-
parency, and verifiability of monitoring and reporting of
emissions and removals, including non-CO2 greenhouse
gases, and attributing them to specific activities. [2.3.2.2,
4.3.1, 4.3.2]

29. The term “broad activity” means an activity definition that
is land- or area-based, where the net effect of all practices
applied within the same area are included. A broad activity
definition is likely to require land-based accounting (see
paragraph 34). This definitional approach would capture
the net emission or removal effects of practices that deplete
carbon stocks as well as those that increase removals by
sinks. Broad activity definitions, particularly in cases where
land-use change is involved, may make it difficult to separate
human-induced changes from naturally-induced changes.
[2.3.2, 4.3.2]

30. The narrow definition of “activity” is based on individual
practices, such as reduced tillage or irrigation water man-
agement. The narrow definition may lend itself to activity-
based accounting, but land-based accounting is also possible.
Under activity-based accounting, discrete definitions and
associated rates of emissions or removals are needed for
each individual practice. Narrow definitions raise the poten-
tial for multiple activities to occur on a single land area,
raising accounting issues (see paragraph 33). Narrow activ-
ity definitions may facilitate the separation of human-induced
changes from natural influences (see paragraph 45). [4.2.1,
4.3.2, 4.3.4]

4. Carbon Accounting

31. A well-designed carbon accounting system would provide
transparent, consistent, comparable, complete, accurate, ver-
ifiable, and efficient recording and reporting of changes in
carbon stocks and/or changes in greenhouse gas emissions by
sources and removals by sinks from applicable land use,
land-use change, and forestry activities and projects under rel-
evant Articles of the Kyoto Protocol. Such data would be
needed to assess compliance with the commitments under the
Kyoto Protocol. Two possible accounting approaches towards
meeting these requirements are outlined below, of which
either one — or combination of the two — could be adopt-
ed (see Figure 1). [2.3.1]

32. A “land-based” approach to accounting would take as its
starting point the change in carbon stock in applicable car-
bon pools on lands containing activities included under
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Article 3.3 or accepted under Article 3.4. This involves first
defining the applicable activities, and in the next step iden-
tifying the land units on which these activities occur. Next,
the change in carbon stocks on these land units during the rel-
evant period is determined. In the land-based approach, it
could be difficult to factor out the impact on stocks of indi-
rect effects (see paragraph 44). Non-CO2 greenhouse gas
emission estimates would also need to be accounted for.
Modifications could be made regarding, for example, base-
lines, leakage, timing issues, permanence, and uncertainties.
Aggregate accounted CO2 emissions and removals are the
sum of carbon stock changes (net of any modifications)
over all applicable land units over the specified time period.
[2.3.2, 3.3.2]

33. An “activity-based” approach to accounting would start
with the carbon stock change in applicable carbon pools
and/or emissions/removal of greenhouse gases attributable
to designated LULUCF activities. After defining the applic-
able activities, each applicable activity’s impact on carbon
stocks is determined per unit area and time unit. This impact
is multiplied by the area on which each activity occurs and
by the years it is applied or the years of the commitment peri-
od. Modifications could be made regarding, for example,
baselines, leakage, timing issues, permanence, and uncer-
tainties. Aggregate accounted emissions and removals are
calculated by summing across applicable activities.
Potentially a given area of land could be counted more than

once if it is subject to multiple activities. If the effects of
activities are not additive, this would result in inaccurate
accounting. In this case, the carbon stock would be especially
difficult to verify. Alternatively, the Parties could decide
that each land unit could contain no more than a single
activity. In this case, the combined impact of multiple prac-
tices applied in the same area would be considered a single
activity. [2.3.2, 3.3.2, 4.3.3]

34. The land-based approach to accounting could start either
with the start of the activity or run for the entire commitment
period, while the activity-based approach would start when
the activity starts or at the beginning of the commitment peri-
od, whichever is later. Either accounting approach could
end according to decisions that the Parties might adopt. In the
activity-based approach, stock changes prior to the start of
the activity would not be accounted, even if they occur in a
commitment period. [2.3.2]

35. Some activities must be persistently maintained to retain the
stored carbon stocks, and this may influence the accounting
methods required. Conservation tillage, for example, may
increase carbon stocks on cropland if carried on continu-
ously, but where it is practiced for a time, then interrupted by
a year of intensive tillage brought on by, for example, a
weather situation or crop change, much of the previous
multi-year gain in soil carbon can be lost. Land-based esti-
mates of the cropland estate should reflect the net effect of
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Figure 1: Accounting approaches.



those gains and losses over the full area during the account-
ing period and give verifiable results, provided statistically
representative sampling procedures are in place. If activity-
based accounting occurs without sampling, it may report
results inconsistent with actual stock changes during the
accounting period. [2.3.2]

36. For technical reasons, only emissions and removals of CO2
can be determined directly as changes in carbon stocks.
Methane emissions and removals cannot in practice be direct-
ly measured as carbon stock changes, although CH4 and
N2O can be determined by other means. Methane and nitrous
oxide emissions from many land-use activities are included
in Annex A of the Kyoto Protocol (e.g., rice cultivation,
enteric fermentation, and agricultural soils) and in the Revised
1996 IPCC Reporting Guidelines for National Greenhouse
Gas Inventories, and therefore they will be captured in
national inventories. This is not the case, however, for emis-
sions of these gases related to forestry activities and projects,
which are not included in Annex A, although some of these
forestry activities are discussed in the 1996 Revised IPCC
Guidelines for National Greenhouse Gas Inventories. If the
net emissions of CH4 and N2O are not considered, the full
climate impact of forestry activities may not be reflected in
the accounting system under the Kyoto Protocol. The treat-
ment of CH4 and N2O emissions under Article 3.3 may
deserve further consideration and clarification. For agreed
activities, Article 3.4 leaves open how net greenhouse gas
emissions will be accounted for in meeting the commit-
ments under Article 3.1 of the Protocol. [2.3.2, 3.3.2]

37. Relevant carbon pools could include aboveground biomass,
litter and woody debris, below-ground biomass, soil car-
bon, and harvested materials. The impact on these different
carbon pools may vary significantly between activities and
types of projects. While methods exist to measure all carbon
pools, to date monitoring is not routinely performed on all
pools and the costs vary significantly. A conservative
approach that would allow for selective accounting of carbon
pools to reduce monitoring costs could be to include all
those pools anticipated to have reduced carbon stocks while
omitting selected pools anticipated, with a sufficient level of
certainty, to have unchanged or increased carbon stocks.
Similar approaches could be used for fluxes of non-CO2
greenhouse gases. Under this approach, verifiability would
mean that only increases in carbon stocks and removal by
sinks that can be monitored and estimated could potentially
be credited. [2.3.7, 3.3.2, 4.2.1]

38. Accounting for LULUCF activities under Articles 3.3 and 3.4
includes different types of uncertainties, including mea-
surement uncertainty, uncertainty in identifying lands under
Article 3.3 or 3.4, and uncertainty in defining and quantify-
ing baselines, if any. This uncertainty can be accounted for
in several ways. One approach is to extend the application of
good practice guidance in the choice of methods and han-
dling of uncertainty in estimates which has been developed
by the IPCC for other inventory categories. Another approach

could be to adjust estimated stock changes in a conservative
way — understating increases and overstating decreases in
stocks. The latter option could allow tradeoffs between mon-
itoring costs and the potential to receive increased carbon
credits or reduced debits, but would not be consistent with
established principles for estimation of emissions and
removals in greenhouse gas inventories. [2.3.7]

39. Changes in carbon stocks in wood products could potentially
be accounted as part of the activity that is the source of the
wood products or as an independent wood products man-
agement activity. If management of wood products is treat-
ed as an additional activity under Article 3.4, then it may be
necessary to exclude wood products from accounting under
other Article 3.3 or 3.4 activities to avoid double-counting.
Once wood products are in trade, they would be difficult in
most instances to trace. The current IPCC default approach
assumes that the wood product pool remains constant over
time, and therefore does not account for it. However, if this
pool is changing significantly over time, a potentially impor-
tant pool may not be accounted for. [2.4.2, 3.3.2, 4.5.6,
6.3.3]

40. Enhancement of carbon stocks resulting from land use,
land-use change, and forestry activities is potentially
reversible through human activities, disturbances, or envi-
ronmental change, including climate change. This potential
reversibility is a characteristic feature of LULUCF activi-
ties in contrast to activities in other sectors. This potential
reversibility and nonpermanence of stocks may require
attention with respect to accounting, for example, by ensur-
ing that any credit for enhanced carbon stocks is balanced
by accounting for any subsequent reductions in those
carbon stocks, regardless of the cause. [2.3.6, 3.3.2]

41. Contiguous commitment periods under the Kyoto Protocol
would avoid incentives in subsequent periods to concen-
trate activities that reduce carbon stocks in time periods that
were not covered. [2.3.2]

42. Policies by governments or other institutions (e.g., land
tenure reform and tax incentives) may provide a framework
and incentives for implementing LULUCF activities.
Changes in markets may also affect the economic conditions
for land use, land-use change, and forestry activities. The
ability to measure the impact of these conditions and incen-
tives will depend, in part, upon the carbon inventory and
monitoring system in each country. However, it may be very
difficult for countries to assess the relative impact of policies
by governments or other institutions compared to other
human and natural factors that drive changes in carbon
stocks. [2.3.5, 5.2.2]

43. Natural variability, such as El Niño cycles, and the indirect
effects of human activity, such as CO2 fertilization, nutrient
deposition, and the effects of climate change, could signif-
icantly affect carbon stocks during a commitment period
on lands under Article 3.3 or 3.4. The spatial distribution of
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the emissions and removals of greenhouse gases due to
these factors is uncertain, as is the portion of them
that may enter the accounting system. These emissions and
removals could be potentially large compared to the com-
mitments in the first commitment period. This could be a sig-
nificant issue in the design of an accounting framework.
[2.3.3]

44. The Kyoto Protocol specifies that accounting under Article
3.3 be restricted to “direct human-induced land-use change
and forestry activities, limited to afforestation, reforesta-
tion, and deforestation” occurring since 1990. For activities
that involve land-use changes (e.g., from grassland/ pas-
ture to forest) it may be very difficult, if not impossible, to
distinguish with present scientific tools that portion of the
observed stock change that is directly human-induced from
that portion that is caused by indirect and natural factors.
[2.3.4, 3.3.2]

45. For those activities where only narrowly defined manage-
ment changes under Article 3.4 are involved (e.g.,
conservation tillage) and the land use remains the same, it
may be feasible to factor out partially natural variability
and indirect effects. One approach may be to subtract the
stock changes on comparison plots where there have been
no changes in management practice from changes
measured on plots with modified management activities. In
most cases, experimental manipulation or paired plots can
be used for this purpose, but they are likely to be expensive
to apply over large areas. Ecosystem models can also be
used but need further improvement to decrease uncertain-
ties. Verifiability could be assisted by the application of a
combination of models and measurements. [2.3.4, 4.3.4]

46. Baselines could be used in some cases to distinguish between
the effects of LULUCF activities and other factors, such as
natural variability and the indirect effects of human activi-
ties, as well as to factor out the effects of business-as-usual
and activities undertaken prior to 1990 on carbon stock
accounts and net greenhouse gas emissions. If the concept
of a baseline was to be applied in national accounting for
activities under Article 3.4, there are many options, which
include: (i) the stock/flux change that would have resulted
from “business-as-usual” activities; (ii) the stock/flux change
that would have resulted from the continuation of 1990
activity levels; (iii) the stock/flux change that would result
in the absence of active management; (iv) performance
benchmarks or standard management practice; and (v) the
rate of change of stocks/fluxes in 1990. The first three of
these baseline options may involve the use of a counterfac-
tual scenario. One difficulty with the use of counterfactual
baselines is verification. [2.3.4, 4.6, 4.6.3.3]

47. Accounting under the terms land-use change and forestry in
Article 3.7 will determine which emissions and removals of
carbon will enter the 1990 base year or period for some
countries. If the land-use change activities giving rise to
these emissions and removals are not included under

Article 3.3 or 3.4 during the commitment periods, then the
inventories of countries subject to this clause in Article 3.7
would not be calculated on the same basis as their 1990
emissions base year or period. [3.3.2]

48. If different accounting rules are adopted for relevant Articles
of the Kyoto Protocol, additional decision rules may be
needed to determine which accounting rule applies to land
that, over time, is subject to multiple types of activities. For
example, one set of accounting rules could be given prima-
cy in cases where more than one set could potentially apply
and double-counting might result. [2.3.2, 3.3.2]

49. Leakage is changes in emissions and removals of greenhouse
gases outside the accounting system that result from activ-
ities that cause changes within the boundary of the account-
ing system. There are four types of leakage: activity dis-
placement, demand displacement, supply displacement, and
investment crowding. If leakage occurs, then the accounting
system will fail to give a complete assessment of the true
aggregate changes induced by the activity. Although leakage
is in many cases a negative effect, situations, such as the
demonstration effect of new management approaches or
technology adoption, may occur where the emissions reduc-
tions or removals of greenhouse gases extend beyond the
accounting system boundaries (positive spillover effect).
For some activities and project types, leakage may be
addressed by increasing the spatial and temporal scale of the
accounting system boundaries (i.e., by including areas where
changes in removal and emissions of greenhouse gases may
be induced). However, leakage may extend beyond any
activity accounting boundaries (e.g., beyond national bound-
aries). Leakage is of particular concern in project-level
accounting, but may also occur with activities under Articles
3.3 and 3.4. [2.3.5.2, 5.3.3]

Part III

5. Methods for Measuring and Monitoring

50. Lands under Articles 3.3 and 3.4 could be identified, moni-
tored, and reported using geographical and statistical
information. Changes in carbon stocks and net greenhouse
gas emissions over time can be estimated using some
combination of direct measurements, activity data, and
models based on accepted principles of statistical analysis,
forest inventory, remote-sensing techniques, flux measure-
ments, soil sampling, and ecological surveys. These
methods vary in accuracy, precision, verifiability, cost, and
scale of application. The cost of measuring changes in
carbon stocks and net greenhouse gas emissions for a given
area increases as both desired precision and landscape
heterogeneity increase. [2.4, 3.4]

51. The spatial resolution of monitoring has important impli-
cations for accuracy and costs. If a small minimum
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resolvable land area is used, the task and cost of monitoring
can become very demanding. If the spatial resolution is set
at a coarse scale, the data demands can be modest, but
significant areas subject to an activity may be lost in the
averaging process. For example, if forests and deforestation
are defined in terms of canopy cover and canopy cover is
assessed over land areas of 100 ha, then deforestation of
smaller areas within a unit may not take the canopy cover
of the unit below the forest definition threshold. Thus,
changes in carbon stocks may not be accounted and, like-
wise, afforestation or reforestation of small areas may not
be accounted. Hence, there are clear tradeoffs between an
accurate and precise assessment of changes in carbon
stocks and cost. However, an appropriate design should
result in a statistically reliable estimate. [2.2.2]

52. The technical capacity required by Annex I Parties to mea-
sure, monitor, and verify carbon stock changes and net
greenhouse gas emissions under the Kyoto Protocol will be
significantly affected by decisions of the Parties regarding
definitions of key terms related to land use, land-use change,
and forestry activities. It will also depend on decisions on,
inter alia, additional activities that may be included under
Article 3.4, and whether additional activities are defined
broadly or narrowly. Depending upon decisions that may be
made, establishing a monitoring, reporting, and verification
system under Articles 3.3 and 3.4 is likely to involve a sig-
nificant effort by Annex I Parties, given the technology,
data, and resources required, and the short time available.
[2.4.1, 3.4, 4.3.2, 4.3.5]

53. Annex I Parties generally have the basic technical capacity
(soil and forest inventories, land-use surveys, and informa-
tion based on remote-sensing and other methods) to measure
carbon stocks and net greenhouse gas emissions in terrestrial
ecosystems. However, few, if any, countries perform all of
these measurements routinely, particularly soil inventories.
Some Annex I Parties may use existing capacity with mini-
mal modification to implement the various Articles in the
Kyoto Protocol; however, some other Annex I Parties may
need to improve significantly their existing measurement sys-
tems in order to develop operational systems. Non-Annex I
Parties may require technical, institutional, and financial
assistance and capacity building for measuring, monitor-
ing, and verifying carbon stock changes as well as for
estimating net greenhouse gas emissions. [2.4.6, 3.4.3, 4.2]

54. Technical methods for measuring and estimating changes in
forest carbon stocks in aboveground biomass over a five-year
commitment period may be deemed to be sensitive enough
to serve the requirements of the Protocol. Sensitive methods
for estimating below-ground carbon stocks also exist.
However, changes in soil carbon stocks are in some instances
small and difficult to assess accurately over a five-year time
period. This problem may be addressed by adopting appro-
priate sampling techniques supported by modeling that take
into account spatial variability. Methods that further improve
estimates of soil and vegetation carbon stock will depend on

future research and model development and are likely to be
highly transferable between Parties. [2.4.2, 2.4.3, 4.2.2,
5.4.1]

6. Estimates of Average Annual Carbon Stock
Changes/Accounted for ARD Activities and Some
Additional Activities

6.1 Afforestation, Reforestation, and Deforestation

55. Different definitions and accounting approaches under
Article 3.3 of the Kyoto Protocol produce different esti-
mates of changes in carbon stocks. There are seven
Definitional Scenarios described in Chapter 3 of the under-
lying report. Table 3 illustrates, with data and methods avail-
able at the time of the Special Report, the estimated carbon
stock changes accounted from ARD activities under the
IPCC and FAO Definitional Scenarios, assuming recent area
conversion rates remain constant and excluding carbon in
soils and wood products. Three different carbon accounting
approaches have been applied to the FAO Definitional
Scenario to illustrate the effect of different accounting
approaches. [3.5.3, 3.5.4, Table 3-4, Table 3-17]

56. The IPCC Definitional Scenario yields estimates of average
annual accounted carbon stock changes from afforestation
and reforestation in Annex I Parties from 2008 to 2012 of 7
to 46 Mt C yr–1. This would be offset by annual changes in
carbon stocks from deforestation of about –90 Mt C yr–1, pro-
ducing a net stock change of -83 to –44 Mt C yrr–1. If hypo-
thetically, for example, afforestation and reforestation rates
were to be increased in Annex I Parties by 20%4 for the
years 2000 to 2012, estimated annual changes in carbon
stocks would increase (from 7 to 46 Mt Cyrr–1) to 7 to 49 Mt
C yrr–1. If hypothetically, for example, deforestation rates
were to be decreased by 20%, estimated annual losses of car-
bon stocks due to deforestation would reduce (from –90 Mt
C yrr–1) to –72 Mt C yrr–1. [3.5.4]

57. The three accounting approaches under the FAO Definitional
Scenario yield different results. Estimated average annual
carbon stock changes in Annex I Parties from afforestation
and reforestation are –759 to –243 Mt C yrr–1 under the
FAO land-based I approach; –190 to 295 Mt C yrr–1 under the
FAO land-based II approach; and 87 to 573 Mt C yr–1 under
the FAO activity-based approach. Estimated average annu-
al carbon stock changes from deforestation are about –90 Mt
C yrr–1 in all three approaches, as in the IPCC Definitional
Scenario. [3.5.4]

58. For comparison, the IPCC Definitional Scenario yields
estimates of average annual accounted carbon stock
changes from afforestation and reforestation globally from
2008 to 2012 of 197 to 584 Mt C yr–1. This would be offset
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by annual changes in carbon stocks from deforestation of
about –1 788 Mt C yrr–1, producing a net stock change of
–1 591 to –1 204 Mt C yr–1. If, hypothetically, for
example, afforestation and reforestation rates were to be
increased globally by 20% for the years 2000 to 2012, esti-
mated annual changes in carbon stocks would increase
(from 197 to 584 Mt C yr–1) to 208 to 629 Mt C yr–1.
[3.5.4]

59. In the IPCC Definitional Scenario and FAO Definitional
Scenario with land-based I accounting approach, the
accounted carbon stock changes are broadly consistent with
the 2008–2012 actual changes in carbon stocks from land
under Article 3.3. The IPCC and FAO Definitional Scenarios
bring different amounts of land under Article 3.3, hence the
estimated carbon stock changes in Table 3 differ.

60. In the FAO Definitional Scenario with land-based II and
activity-based accounting approaches, the accounted carbon
stock change is not consistent with the 2008–2012 actual
changes in carbon stocks on land under Article 3.3, except
in the case of short rotation cycles.

61. In neither of the two Definitional Scenarios is the account-
ed carbon stock change consistent with the 2008–2012 actu-
al carbon stock changes, nor with the net exchanges with the
atmosphere, at the national and global levels in part because
the land under Article 3.3 is small in comparison with the
national and global forest area. [3.3.2, 3.5.4]

6.2 Additional Activities

62. The magnitude of the stock changes from additional activ-
ities that might be included under Article 3.4 rests, inter
alia, on any decisions that remain to be made in the process
of implementing the Kyoto Protocol. A consideration of
carbon stocks changes and net emissions of greenhouse gas
emissions associated with additional activities on managed
lands entails synthesizing available technical and scientific
data, outlining the outcomes of one policy scenario, and
assessing the aggregate impact of policies and other factors.
The scientific literature to support such an analysis is cur-
rently quite limited. [4.3]

63. One such scenario is presented in Table 4, to illustrate in a
general sense the potential scope for carbon stock increas-
es through some broadly defined activities. It provides data
and information on carbon stock changes for some candidate
activities under Article 3.4 for the year 2010. This scenario
relies on three components relating to the candidate activi-
ties: (1) an estimate of current relevant land areas (column
2); (2) an assumed percentage of those lands on which an
activity would be applied in 2010 (column 3); and (3) a
research-derived estimate of the annual rate of carbon stock
increase per hectare (column 4). The uptake rate is multiplied
by the applicable land area to approximately calculate the
change in carbon stock in the year 2010 (column 5).

64. Table 4, rather than providing precise projections, reports
calculated stock changes assuming an ambitious policy agen-
da that promotes the application of activities to a significant-
ly greater share of the relevant land base than would have oth-
erwise occurred. The assumed percentage of lands on which
the activity is applied is derived from considered profession-
al judgment based on existing literature of what a range of sus-
tained and effective initiatives, which vary across countries,
could achieve. The share of land on which the activity is
actually applied in 2010 depends to a great extent on the
accounting system under Article 3.4, the evolving economic
and social aspects of the activity, and landowner response to
incentives, among other factors. Thus, the total annual stock
changes in Table 4 (column 5) are likely to be on the high side.

65. Table 4 estimates do not necessarily represent credits under
Article 3.4 of the Kyoto Protocol, even if such levels of
stock change are achieved, because the Protocol may include
approaches that limit the applicability of these calculations.

66. Table 4 illustrates the estimated carbon stock changes from
example additional activities within Annex I and globally,
assuming roughly similar levels of policy support. For exam-
ple, Table 4 suggests that although conversion of cropland to
grassland can provide a relatively large carbon stock increase
per hectare converted, forest management improvements,
which can be applied over a larger land base, may provide
relatively larger total annual increases. Very different esti-
mates in changes of emissions and removals associated with
options for additional land use, land-use change, and forestry
activities would result from different definitions of additional
activities that might be agreed under Article 3.4, different
accounting approaches, and different decisions that might be
taken on implementation rules for Article 3.4.

67. There is potential for carbon uptake into biomass, which may
be stored over a time period of decades in wood products.
Furthermore, biomass used for energy purposes, based on
waste by-products of wood/crops or from trees/crops grown
expressly for this purpose, has the potential to lead to a
reduction in net greenhouse gas emissions by substituting for
fossil fuels. [1.4.3, 1.4.4]

68. Table 4 does not account for the possibly significant non-
CO2 greenhouse gas emissions and removals that could be
influenced by the candidate activities. For example, the
rates do not reflect net emissions of CH4 or N2O from agri-
cultural practices or wetlands/permafrost management. The
table also does not include the carbon stock impact of the use
of biofuels and the changing wood product pools, and con-
sideration of forest management does not include avoided
deforestation, which is dealt with in Table 3.

7. Project-Based Activities

69. A LULUCF project can be defined as a planned set of
activities aimed at reducing greenhouse gas emissions or
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enhancing carbon stocks that is confined to one or more
geographic locations in the same country and specified
time period and institutional frameworks such as to allow
net greenhouse gas emissions or enhancing carbon stocks
to be monitored and verified. Experience is being gained in
Activities Implemented Jointly (AIJ) and other LULUCF
projects that are under initial stages of implementation in at
least 19 countries.

70. Assessment of the experience of these projects is constrained
by the small number, the limited range of project types, the
uneven geographic distribution, the short period of field
operations to date, and the absence of an internationally
agreed set of guidelines and methods to establish baselines

and quantify emissions and uptake. Generally, these projects
do not report all greenhouse gas emissions or estimate leak-
age, and few have independent review.

71. However, through the experience of LULUCF projects aimed
to mitigate climate change, it is possible in some cases to
develop approaches to address some of the critical issues (see
Table 5).

72. There are 10 projects aimed at decreasing emissions through
avoiding deforestation and improving forest management,
and 11 projects aimed at increasing the uptake of carbon —
mostly forest projects in tropical countries (see Table 5).
[5.2.2]
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(3) Assumed (4) Net Annual (5) Estimated
Percentage of Total Rate of Change Net Change

(2) Total Area of Column 2 in Carbon Stocks in Carbon Stocks
Areab under Activity per Hectareb in 2010

(1) Activity (Mha) in 2010 (%) (t C ha–1 yr–1) (Mt C yr–1)

A. Annex I Countries

(a) Improved Management within a Land Usec

Forest Management 1 900 10 0.5 100
Cropland Management 600 40 0.3 75
Grazing Land Management 1 300 10 0.5 70
Agroforestry 83 30 0.5 12
Rice Paddies 4 80 0.1 <1
Urban Land Management 50 5 0.3 1

(b) Land-Use Change
Conversion of Cropland to Grassland 600 5 0.8 24
Agroforestry <1 0 0 0
Wetland Restoration 230 5 0.4 4
Restoring Severely Degraded Land 12 5 0.25 1

B. Global Estimates

(a) Improved Management within a Land Use
Forest Management 4 050 10 0.4 170
Cropland Management 1 300 30 0.3 125
Grazing Land Management 3 400 10 0.7 240
Agroforestry 400 20 0.3 26
Rice Paddies 150 50 0.1 7
Urban Land Management 100 5 0.3 2

(b) Land-Use Change
Agroforestry 630 20 3.1 390
Conversion of Cropland to Grassland 1 500 3 0.8 38
Wetland Restoration 230 5 0.4 4
Restoring Severely Degraded Land 280 5 0.3 3

a Totals were not included in the table for several reasons: (i) The list of candidate activities is not exclusive or complete; (ii) it is unlikely that all countries
would apply all candidate activities; and (iii) the analysis does not presume to reflect the final interpretations of Article 3.4. Some of these estimates reflect
considerable uncertainty.

b A summary of reference sources is contained in Tables 4-1 and 4-4 of this Special Report. Calculated values were rounded to avoid the appearance of precision
beyond the intent of the authors. The rates given are average rates that are assumed to remain constant to 2010.

c Assumed to be the best available suite of management practices for each land use and climatic zone.

Table 4: Relative potential in 2010 for net change in carbon stocks through some improved management and changed land-use
activities.a



73. Methods of financial analysis among these projects have not
been comparable. Moreover the cost calculations do not
cover, in most instances, inter alia, costs for infrastructure,
monitoring, data collection and interpretation costs, oppor-
tunity costs of land and maintenance, or other recurring
costs, which are often excluded or overlooked. Recognizing
the different methods used, the undiscounted cost and invest-
ment estimates range from US$ 0.1–28 per ton of carbon,
simply dividing project cost by their total reported accumu-
lated carbon uptake or estimated emissions avoided, assum-
ing no leakage outside the project boundaries. [5.2.3]

74. Project-level financial analysis methods are widely used
and fairly standardized in development assistance and private
investment projects. But they have yet to be consistently
applied to, and reported for, LULUCF projects aiming at mit-
igating climate change. Guidelines for developing methods
of financial analysis may be needed in the future. [5.2.3]

75. LULUCF projects aiming to mitigate climate change may
provide socioeconomic and environmental benefits primar-
ily within project boundaries, although they may also pose
risks of negative impacts. Experience from most of the pilot
projects to date indicates that involvement of local stake-
holders in the design and management of project activities
is often critical. Other factors affecting the capacity of pro-
jects to increase carbon uptake and avoid greenhouse gas

emissions and to have other benefits include consistency
with national and/or international sustainable development
goals, and institutional and technical capacity to develop and
implement project guidelines and safeguards. [2.5.2, 5.6]

76. The accounting of changes in carbon stocks and net green-
house gas emissions involve a determination that project
activities lead to changes in carbon stocks and net greenhouse
gas emissions that are additional to a without-project base-
line. Currently there is no standard method for determining
baselines and additionality. Approaches include determining
project-specific baselines or generic benchmarks. Most AIJ
projects have used a project-specific approach that has an
advantage of using better knowledge of local conditions
yielding more accurate prediction. A disadvantage is that pro-
ject developers may choose scenarios that maximize their
projected benefits. Baselines may be fixed throughout the
duration of a project or periodically adjusted. Baseline
adjustments would ensure more realistic estimates of changes
in carbon uptake or greenhouse gas emissions but would cre-
ate uncertainties for project developers. [5.3.2, Table 5-4]

77. Projects that reduce access to land, food, fiber, fuel, and
timber resources without offering alternatives may result in
carbon leakage as people find needed supplies elsewhere.
A few pilot projects have been designed with the aim of
reducing leakage by explicitly incorporating components
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Estimated
Emissions

Estimated Accumulated Avoided from
Accumulated Carbon Uptake Estimated Carbon Stocks

Carbon per Spatial Unit Emissions per Spatial Unit
Uptake over during the Avoided over the during the

Project Lifetime Project Lifetime Project Lifetime Project Lifetime
Land (Mt C) (t C ha–1) (Mt C) (t C ha–1)
Area

Project Type (number of projects) (Mha) assuming no leakage outside the project boundaries

Forest Protection (7)f 2.8 41–48 4–252
Improved Forest Management (3) 0.06 5.3 41–102

Reforestation and Afforestation (7) 0.1 10–10.4 26–328
Agroforestry (2) 0.2 10.5–10.8 26–56

Multi-Component and 0.35 9.7 0.2–129
Community Forest (2)

a Projects included are those for which we have sufficient data. Soil carbon management, bioenergy, and other projects are not included for this reason.
b “Some level of implementation” — Included projects have been partially funded and have begun activities on the ground that will generate increases in car-

bon stocks and reductions in greenhouse gas emissions.
c “Other LULUCF projects” — Refers to selected non-AIJ projects and projects within Annex I countries.
d Estimated changes in carbon stocks generally have been reported by project developers, do not use standardized methods, and may not be comparable; only

some have been independently reviewed.
e Non-CO2 greenhouse gas emissions have not been reported.
f Protecting an existing forest does not necessarily ensure a long-term contribution to the mitigation of the greenhouse effect because of the potential for leak-

age and reversibility through human activities, disturbances, or environmental change. Table 5 does not provide an assessment in relation to these issues.
Sound project design and management, accounting, and monitoring would be required to address these issues.

Table 5: Carbon uptake/estimated emissions avoided from carbon stocks, assuming no leakage outside the project boundaries, by
selected AIJ Pilot Phase and other LULUCF projects, in some level of implementation.a,b,c,d,e



that supply the resource needs of local communities (e.g.,
establishing fuelwood plantations to reduce pressures on
other forests), and that provide socioeconomic benefits that
create incentives to maintain the project. Due to leakage,
the overall consideration of the climate change mitigation
effects of a project may require assessments beyond
the project boundary, as addressed in paragraph 49. [2.3,
5.3.3]

78. Project accounting and monitoring methods could be
matched with project conditions to address leakage issues. If
leakage is likely to be small, then the monitoring area can be
set roughly equal to the project area. Conversely, where
leakage is likely to be significant the monitoring area could
be expanded beyond the project area, although this would be
more difficult when the leakage occurs across national
boundaries. Two possible approaches could then be used to
estimate leakage. One would be to monitor key indicators of
leakage, and the second would be to use standard risk coef-
ficients developed for project type and region. In either case,
leakage could be quantified and subsequently changes in car-
bon stock and greenhouse gas emissions attributed to the pro-
ject could be reestimated. The effectiveness of these two
approaches is untested. [5.3.3]

79. LULUCF projects raise a particular issue with respect to
permanence (see paragraph 40). Different approaches have
been proposed to address the duration of projects in rela-
tion to their ability to increase carbon stocks and decrease
greenhouse gas emissions, inter alia: (i) They should be
maintained in perpetuity because their “reversal” at any
point in time could invalidate a project; and (ii) they should
be maintained until they counteract the effect of an equiva-
lent amount of greenhouse gases emitted to the
atmosphere. [5.3.4]

80. Several approaches could be used to estimate the changes in
carbon stocks and greenhouse gas emissions of LULUCF
projects: (i) estimating carbon stocks and greenhouse gas
emissions at a given point in time; (ii) estimating the average
changes of carbon stocks or greenhouse gas emissions over
time in a project area; or (iii) allowing for only a part of the
total changes in carbon stocks or greenhouse gas emissions
for each year that the project is maintained (e.g., tonne-year
method). The year-to-year distribution of changes in carbon
stocks and greenhouse gas emissions over the project dura-
tion varies according to the accounting method used. [5.4.2,
Table 5-9]

81. LULUCF projects are subject to a variety of risks because
of their exposure to natural and anthropogenic factors.
Some of these risks particularly pertain to land-use activi-
ties (e.g., fires, extreme meteorological events, and pests
for forests), while others are applicable to greenhouse gas
mitigation projects in both LULUCF and energy sectors
such as political and economic risks. Risk reduction could
be addressed through a variety of approaches internal to the

project, such as introduction of good practice management
systems, diversification of project activities and funding
sources, self-insurance reserves, involvement of local
stakeholders, external auditing, and verification. External
approaches for risk reduction include standard insurance
services, regional carbon pools, and portfolio diversifica-
tion. [5.3.5]

82. Techniques and tools exist to measure carbon stocks in pro-
ject areas relatively precisely depending on the carbon pool.
However, the same level of precision for the climate change
mitigation effects of the project may not be achievable
because of difficulties in establishing baselines and due to
leakage. Currently, there are no guidelines as to the level of
precision to which pools should be measured and moni-
tored. Precision and cost of measuring and monitoring are
related. Preliminary limited data on measured and moni-
tored relevant aboveground and below-ground carbon pools
to precision levels of about 10% of the mean at a cost of about
US$ 1–5 per hectare and US$ 0.10–0.50 per ton of carbon
have been reported. Qualified independent third-party veri-
fication could play an essential role in ensuring unbiased
monitoring. [5.4.1, 5.4.4]

8. Reporting Guidelines for the
Relevant Articles of the Kyoto Protocol

83. Under Article 5.2 of the Kyoto Protocol, the Revised 1996
Guidelines for National Greenhouse Gas Inventories provide
the basis for the accounting and reporting of anthropogenic
emissions by sources and removals by sinks of all greenhouse
gases not controlled by the Montreal Protocol. These
Guidelines were developed to estimate and report national
greenhouse gas inventories under the United Nations
Framework Convention on Climate Change (UNFCCC),
not for the particular needs of the Kyoto Protocol. However,
the Guidelines do provide a framework for addressing  the
accounting and reporting needs of the Kyoto Protocol.
Elaboration of the Land-Use Change and Forestry Sector of
the Guidelines may be needed, reflecting possible decisions
by the Parties for accounting and reporting LULUCF under
the Kyoto Protocol, taking into account, inter alia:

• Any decisions made by Parties on ARD under Article 3.3
and on additional activities under Article 3.4; [6.3.1,
6.3.2]

• The need to ensure transparency, completeness, con-
sistency, comparability, accuracy, and verifiability;
[6.2.2, 6.2.3, 6.4.1]

• Consistent treatment of Land-Use Change and Forestry
as other Sectors, with respect to uncertainty management
and other aspects of good practice; [6.4.1]

• Any decisions adopted by Parties to address other
accounting issues (e.g., permanence, the meaning of
“human induced” and “direct human induced,” wood
products, and project based activities). [6.4.1]
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9. Potential for Sustainable Development

84. Consideration would need to be given to synergies and
tradeoffs related to LULUCF activities under the UNFCCC
and its Kyoto Protocol in the context of sustainable devel-
opment including a broad range of environmental, social, and
economic impacts, such as: (i) biodiversity; (ii) the quanti-
ty and quality of forests, grazing lands, soils, fisheries, and
water resources; (iii) the ability to provide food, fiber, fuel,
and shelter; and (iv) employment, human health, poverty, and
equity. [2.5.1, 3.6]

85. For example, converting non-forest land to forest will typi-
cally increase the diversity of flora and fauna, except in sit-
uations where biologically diverse non-forest ecosystems,
such as native grasslands, are replaced by forests consisting
of single or a few species. Afforestation can also have high-
ly varied impacts on groundwater supplies, river flows, and
water quality. [3.6.1]

86. A system of criteria and indicators could be used to assess
and compare sustainable development impacts across
LULUCF alternatives. While there are no agreed
upon set of criteria and indicators, several sets are being
developed for closely related purposes, for example assess-
ment of contributions to sustainable development by the
United Nations Commission on Sustainable Development.
[2.5.2]

87. For activities within countries or projects between coun-
tries, if sustainable development criteria vary significantly

across countries or regions, there may be incentives to
locate activities and projects in areas with less stringent
environmental or socioeconomic criteria. [2.5.2]

88. Several sustainable development principles are incorporat-
ed in other multilateral environmental agreements, includ-
ing the United Nations Convention on Biological Diversity,
the United Nations Convention to Combat Desertification,
and the Ramsar Convention on Wetlands. Consideration
may be given to the development of synergies between
LULUCF activities and projects that contribute to the miti-
gation or adaptation to climate change with the goals and the
objectives of these and other relevant multilateral environ-
mental agreements. [2.5.2]

89. Some of the more formal approaches to sustainable devel-
opment assessment that could be applied at the project level
are, for example, environmental and socioeconomic impact
assessments. These methods have been applied across a
wide range of countries and site-specific activities to date and
could be modified to be applicable to LULUCF projects.
[2.5.2.2]

90. Some critical factors affecting the sustainable development
contributions of LULUCF activities and projects to mitigate
and adapt to climate change include: institutional and tech-
nical capacity to develop and implement guidelines and
procedures; extent and effectiveness of local community
participation in development, implementation, and distrib-
ution of benefits; and transfer and adoption of technology.
[5.5, 5.6]
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1 tonne (t) 1 000 kilogram (kg) 106 gram (g) 1 Megagram (Mg)
1 Megatonne (Mt) 1 000 000 t 1012 g 1Teragram (Tg)
1 Gigatonne (Gt) 1 000 000 000 t 1015 g 1 Petagram (Pg)
1 hectare (ha) 10 000 square metre (m2)
1 square kilometre (km2) 100 hectare (ha)
1 tonne per hectare (t ha–1) 100 gram per square metre (g m–2)
1 tonne carbon 3.67 tonne carbon dioxide (t CO2)
1 tonne carbon dioxide 0.273 tonne carbon (t C)
1 tonne 0.984 imperial ton 1.10 US ton 2 204 pound
1 hectare (ha) 2.471 acre
1 square kilometre (km2) 0.386 square mile
1 tonne per hectare (t ha–1) 892 pound per acre

Appendix I — Conversion Units



Article 2.1: Each Party included in Annex I in achieving its
quantified emission limitation and reduction commitments under
Article 3, in order to promote sustainable development, shall:

(a) Implement and/or further elaborate policies and mea-
sures in accordance with its national circumstances,
such as:

(ii) Protection and enhancement of sinks and reservoirs
of greenhouse gases not controlled by the Montreal
Protocol, taking into account its commitments
under relevant international environmental agree-
ments; promotion of sustainable forest manage-
ment practices, afforestation and reforestation;

(iii) Promotion of sustainable forms of agriculture in
light of climate change considerations.

(b) Cooperate with other such Parties to enhance the indi-
vidual and combined effectiveness of their policies and
measures adopted under this Article, pursuant to Article
4, paragraph 2(e)(i), of the Convention. To this end,
these Parties shall take steps to share their experience
and exchange information on such policies and mea-
sures, including developing ways of improving their
comparability, transparency, and effectiveness. The
Conference of the Parties serving as the meeting of the
parties to this Protocol shall, at its first session or as
soon as practicable thereafter, consider ways to facili-
tate such cooperation, taking into account all relevant
information.

Article 3.1: “The Parties included in Annex I shall, individually
or jointly, ensure that their aggregate anthropogenic carbon
dioxide equivalent emissions of greenhouse gases listed in Annex
A do not exceed their assigned amounts, calculated pursuant to
their quantified emission limitation and reduction commitments
inscribed in Annex B and in accordance with the provisions of this
Article, with a view to reducing their overall emissions of such
gases by at least 5% below 1990 levels in the commitment peri-
od 2008–2012.”

Article 3.3: The net changes in greenhouse gas emissions by
sources and removals by sinks resulting from direct human-
induced land use change and forestry activities, limited to
afforestation, reforestation and deforestation since 1990, mea-
sured as verifiable changes in carbon stocks in each commitment
period, shall be used to meet the commitments under this Article
of each Party included in Annex I. The greenhouse gas emissions
by sources and removals by sinks associated with those activities

shall be reported in a transparent and verifiable manner and
reviewed in accordance with Articles 7 and 8.

Article 3.4: Prior to the first session of the COP serving as the
meeting of the Parties to this Protocol, each Party included in
Annex I shall provide, for consideration by the SBSTA, data to
establish its level of carbon stocks in 1990 and to enable an esti-
mate to be made of its changes in carbon stocks in subsequent
years. The COP serving as the meeting of the Parties to this
Protocol shall, at its first session or as soon as practicable there-
after, decide upon modalities, rules and guidelines as to how, and
which, additional human-induced activities related to changes
in greenhouse gas emissions by sources and removals by sinks
in the agricultural soils and the land-use change and forestry
categories shall be added to, or subtracted from, the assigned
amounts for Parties included in Annex I, taking into account
uncertainties, transparency in reporting, verifiability, the
methodological work of the IPCC, the advice provided by the
SBSTA in accordance with Article 5 and the decisions of the
COP. Such a decision shall apply in the second and subsequent
commitment periods. A Party may choose to apply such a deci-
sion on these additional human-induced activities for its first com-
mitment period, provided that these activities have taken place
since 1990.

Article 3.7: In the first quantified emission limitation and reduc-
tion commitment period, from 2008 to 2012, the assigned amount
for each Party included in Annex I shall be equal to the percent-
age inscribed for it in Annex B of its aggregate anthropogenic car-
bon dioxide equivalent emissions of the greenhouse gases listed
in Annex A in 1990, or the base year or period determined in
accordance with paragraph 5 above, multiplied by five. Those
Parties included in Annex I for whom land use change and
forestry constituted a net source of greenhouse gas emissions in
1990, shall include in their 1990 emissions base year or period,
the aggregate anthropogenic carbon dioxide equivalent emissions
minus removals in 1990 from land use change for the purposes
of calculating their assigned amount.

Article 5.2: Methodologies for estimating anthropogenic emis-
sions by sources and removals by sinks of all greenhouse gases
not controlled by the Montreal Protocol shall be those accepted
by the Intergovernmental Panel on Climate Change and agreed
upon by the Conference of the Parties at its third session. Where
such methodologies are not used, appropriate adjustments shall
be applied according to methodologies agreed upon by the
Conference of the Parties serving as the meeting of the Parties to
this protocol at its first session. Based on the work of, inter alia,
the Intergovernmental Panel on Climate Change and advice

Appendix II — Relevant Portions of Kyoto Protocol
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provided by the Subsidiary Body for Science and Technological
Advice, the Conference of the Parties serving as the meeting of the
parties to this Protocol shall regularly review and, as appropri-
ate, revise such methodologies and adjustments, taking into
account any relevant decisions by the Conference of the Parties.
Any revision to methodologies or adjustments shall be used only
for the purposes of ascertaining compliance with commitments
under Article 3 in respect of any commitment period adopted sub-
sequent to that revision.

Article 6.1: For the purpose of meeting its commitments under
Article 3, any Party included in Annex I may transfer to, or
acquire from, any other such Party emission reduction units
resulting from projects aimed at reducing anthropogenic emis-
sions by sources or enhancing anthropogenic removals by sinks
of greenhouse gases in any sector of the economy, provided
that:

Article 6.1(b): Any such project provides a reduction in emis-
sions by sources, or an enhancement of removals by sinks, that
is additional to any that would otherwise occur.

Article 12.2: The purpose of the clean development mechanism
shall be to assist Parties not included in Annex I in achieving
sustainable development and in contributing to the ultimate

objective of the Convention, and to assist Parties included in
Annex I in achieving compliance with their quantified emission
limitation and reduction commitments under Article 3.

Article 12.3(a): Parties not included in Annex I will
benefit from project activities resulting in certified emissions
reductions.

Article 12.3(b): Parties included in Annex I may use the certified
emissions reductions accruing from such project activities to con-
tribute to compliance with part of their quantified emission lim-
itation and reduction commitments under Article 3, as deter-
mined by the Conference of the Parties serving as the meeting of
the Parties to the Protocol.

Article 12.5: Emissions reductions resulting from each project
activity shall be certified by operational entities to be designat-
ed by the COP serving as the meeting of the Parties to this
Protocol, on the basis of:

Article 12.5(b): Real, measurable, and long-term benefits relat-
ed to the mitigation of climate change.

Article 12.5(c): Reductions in emissions that are additional to any
that would occur in the absence of the certified project.
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Accuracy
The degree to which the mean of a sample approaches the true
mean of the population; lack of bias.

Activity
A practice or ensemble of practices that take place on a delineated
area over a given period of time.

Baseline
A reference scenario against which a change in greenhouse gas
emissions or removals is measured.

Bias
Systematic over- or under-estimation of a quantity.

Biosphere
That component of the Earth system that contains life in its var-
ious forms, which includes its living organisms and derived
organic matter (e.g., litter, detritus, soil).

Carbon Flux
Transfer of carbon from one carbon pool to another in
units of measurement of mass per unit area and time (e.g.,
t C ha–1 y–1).

Carbon Pool
A reservoir. A system which has the capacity to accumulate or
release carbon. Examples of carbon pools are forest biomass,
wood products, soils, and atmosphere. The units are mass
(e.g., t C).

Carbon Stock
The absolute quantity of carbon held within a pool at a specified
time.

Flux
See “Carbon Flux.”

Forest Estate
A forested landscape consisting of multiple stands of trees.

Forest Stand
A community of trees, including aboveground and below-
ground biomass and soils, sufficiently uniform in species
composition, age, arrangement, and condition to be managed as
a unit.

Heterotrophic Respiration
The release of carbon dioxide from decomposition of organic
matter.

Land Cover
The observed physical and biological cover of the Earth’s land as
vegetation or man-made features.

Land Use
The total of arrangements, activities, and inputs undertaken in a
certain land cover type (a set of human actions). The social and
economic purposes for which land is managed (e.g., grazing, tim-
ber extraction, conservation).

Permanence
The longevity of a carbon pool and the stability of its stocks, given
the management and disturbance environment in which it occurs.

Pool
See “Carbon Pool.”

Practice
An action or set of actions that affect the land, the stocks of
pools associated with it or otherwise affect the exchange of
greenhouse gases with the atmosphere.

Precision
The repeatability of a measurement (e.g., the standard error of the
sample mean).

Regeneration
The renewal of a stand of trees through either natural means
(seeded on-site or adjacent stands or deposited by wind, birds,
or animals) or artificial means (by planting seedlings or direct
seeding).

Reservoir
A pool.

Sequestration
The process of increasing the carbon content of a carbon pool
other than the atmosphere.

Shifting Agriculture
A form of forest use common in tropic forests where an area
of forest is cleared, or partially cleared, and used for cropping for
a few years until the forest regenerates. Also known as “slash
and burn agriculture,” “moving agriculture,” or “swidden
agriculture.”

Sink
Any process or mechanism which removes a greenhouse gas,
an aerosol, or a precursor of a greenhouse gas from the atmos-
phere. A given pool (reservoir) can be a sink for atmospheric
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carbon if, during a given time interval, more carbon is flowing
into it than is flowing out.

Source
Opposite of sink. A carbon pool (reservoir) can be a source of
carbon to the atmosphere if less carbon is flowing into it than is
flowing out of it.

Stand
See “Forest Stand.”

Stock
See “Carbon Stock.”

Soil Carbon Pool
Used here to refer to the relevant carbon in the soil. It includes var-
ious forms of soil organic carbon (humus) and inorganic soil
carbon and charcoal. It excludes soil biomass (e.g., roots, bulbs,
etc.) as well as the soil fauna (animals).

Uptake
The addition of carbon to a pool. A similar term is “sequestration.”

Wood Products
Products derived from the harvested wood from a forest, includ-
ing fuelwood and logs and the products derived from them such
as sawn timber, plywood, wood pulp, paper, etc.
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I. IPCC FIRST ASSESSMENT REPORT, 1990

a) CLIMATE CHANGE — The IPCC Scientific Assessment. The
1990 report of the IPCC Scientific Assessment Working Group (also
in Chinese, French, Russian and Spanish).

b) CLIMATE CHANGE — The  IPCC Impacts Assessment. The
1990 report of the IPCC Impacts Assessment Working Group (also
in Chinese, French, Russian and Spanish).

c) CLIMATE CHANGE — The IPCC Response Strategies. The
1990 report of the IPCC Response Strategies Working Group (also
in Chinese, French, Russian and Spanish).

d) Overview and Policymaker Summaries, 1990.

Emissions Scenarios (prepared by the IPCC Response Strategies
Working Group), 1990.
Assessment of the Vulnerability of Coastal Areas to Sea Level Rise
— A Common Methodology, 1991.

II. IPCC SUPPLEMENT, 1992

a) CLIMATE CHANGE 1992 — The Supplementary Report to the
IPCC Scientific Assessment. The 1992 report of the IPCC Scientific
Assessment Working Group.

b) CLIMATE CHANGE 1992 — The Supplementary Report to the
IPCC Impacts Assessment. The 1992 report of the IPCC Impacts
Assessment Working Group.

CLIMATE CHANGE: The IPCC 1990 and 1992 Assessments —
IPCC First Assessment Report Overview and Policymaker Summaries,
and 1992 IPCC Supplement (also in Chinese, French, Russian and
Spanish).

Global Climate Change and the Rising Challenge of the Sea. Coastal
Zone Management Subgroup of the IPCC Response Strategies Working
Group, 1992.
Report of the IPCC Country Study Workshop, 1992.

Preliminary Guidelines for Assessing Impacts of Climate Change, 1992.

III. IPCC SPECIAL REPORT, 1994

CLIMATE CHANGE 1994 — Radiative Forcing of Climate Change
and An Evaluation of the IPCC IS92 Emission Scenarios.

IV. IPCC SECOND ASSESSMENT REPORT, 1995

a) CLIMATE CHANGE 1995 — The Science of Climate Change
(including Summary for Policymakers). Report of IPCC Working
Group I, 1995.

b) CLIMATE CHANGE 1995 — Scientific-Technical Analyses of
Impacts, Adaptations and Mitigation of Climate Change

(including Summary for Policymakers). Report of IPCC Working
Group II, 1995.

c) CLIMATE CHANGE 1995 — The Economic and Social
Dimensions of Climate Change (including Summary for
Policymakers). Report of IPCC Working Group III, 1995.

d) The IPCC Second Assessment Synthesis of Scientific-Technical
Information Relevant to Interpreting Article 2 of the UN
Framework Convention on Climate Change, 1995.

(The IPCC Synthesis and the three Summaries for Policymakers have
been published in a single volume and are also available in Arabic,
Chinese, French, Russian and Spanish.)

V. IPCC METHODOLOGIES

a) IPCC Guidelines for National Greenhouse Gas Inventories
(3 volumes), 1994 (also in French, Russian and Spanish).

b) IPCC Technical Guidelines for Assessing Climate Change
Impacts and Adaptations, 1995 (also in Arabic, Chinese, French,
Russian and Spanish).

c) Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories (3 volumes), 1996.

d) Good Practice Guidance and Uncertainty Management in
National Greenhouse Gas Inventories, IPCC Task Force on
National Greenhouse Gas Inventories, 2000.

VI. IPCC TECHNICAL PAPERS

TECHNOLOGIES, POLICIES AND MEASURES FOR
MITIGATING CLIMATE CHANGE — IPCC Technical Paper 1,
1996 (also in French and Spanish).

AN INTRODUCTION TO SIMPLE CLIMATE MODELS USED
IN THE IPCC SECOND ASSESSMENT REPORT — IPCC
Technical Paper 2, 1997 (also in French and Spanish).

STABILIZATION OF ATMOSPHERIC GREENHOUSE GASES:
PHYSICAL, BIOLOGICAL AND SOCIO-ECONOMIC
IMPLICATIONS — IPCC Technical Paper 3, 1997 (also in French
and Spanish).
IMPLICATIONS OF PROPOSED CO2 EMISSIONS
LIMITATIONS — IPCC Technical Paper 4, 1997 (also in French and
Spanish).

VII. IPCC SPECIAL REPORTS

THE REGIONAL IMPACTS OF CLIMATE CHANGE: AN
ASSESSMENT OF VULNERABILITY (including Summary for
Policymakers, which is available in Arabic, Chinese, English, French,
Russian and Spanish).
A Special Report of IPCC Working Group II, 1997.

LIST OF IPCC OUTPUTS
(unless otherwise stated, all IPCC outputs are in English)



AVIATION AND THE GLOBAL ATMOSPHERE (including
Summary for Policymakers, which is available in Arabic, Chinese,
English, French, Russian and Spanish).
A Special Report of IPCC Working Groups I and III, 1999.

METHODOLOGICAL AND TECHNOLOGICAL ISSUES IN
TECHNOLOGY TRANSFER (including Summary for Policymakers,
which is available in Arabic, Chinese, English, French, Russian and
Spanish).
A Special Report of IPCC Working Group III, 2000.

EMISSIONS SCENARIOS (including Summary for Policymakers, which
is available in Arabic, Chinese, English, French, Russian and Spanish).
A Special Report of IPCC Working Group III, 2000.

LAND USE, LAND-USE CHANGE, AND FORESTRY (including
Summary for Policymakers, which is available in Arabic, Chinese,
English, French, Russian and Spanish).
A Special Report of the IPCC, 2000.
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