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CREATING JOBS WITH CLIMATE SOLUTIONS:
HOW AGRICULTURE AND FORESTRY CAN
HELP LOWER COSTS IN A LOW-CARBON
ECONOMY

Wednesday, May 21, 2008

U.S. SENATE,
SUBCOMMITTEE ON RURAL REVITALIZATION,
CONSERVATION, FORESTRY, AND CREDIT,
COMMITTEE ON AGRICULTURE,
NUTRITION, AND FORESTRY,
Washington, DC

The subcommittee met, pursuant to notice, at 2:33 p.m., in room
SR-332, Russell Senate Office Building, Hon. Debbie Stabenow,
Chairman of the Subcommittee, presiding.

Present: Senators Stabenow, Salazar, Klobuchar, and Crapo.

STATEMENT OF HON. DEBBIE STABENOW, A U.S. SENATOR
FROM THE STATE OF MICHIGAN

Senator STABENOW. Well, good afternoon. I am so pleased that
all of you are here. This is a very important topic, and obviously
very timely given the discussion that we will be having in June on
the critical issues around global climate change and global warm-
ing. And I am very pleased that Senator Crapo, the Ranking Mem-
ber of our Subcommittee, has joined me and agreeing to convene
this meeting, and we are looking forward to some very important
information being shared today that will help us as we formulate
some options going forward to, I think, make sure that agriculture
and forestry are a part of the solution when we look at what we
need to be doing together.

I believe we have a responsibility to our children and our grand-
children to address the growing climate crisis that we all know ex-
ists, and agriculture does need a voice in that process, as I indi-
cated, as part of the solution.

We are here today to learn about the role of agriculture in reduc-
ing greenhouse gases and how we can best incentivize these reduc-
tions in a cap-and-trade system. One way that the agriculture and
forestry community can play a role is through greenhouse offsets.

As my colleagues know, offsets are greenhouse gas reductions or
sequestrations made outside a regulatory cap that mitigate other
emission sources.

There are numerous types of activities that could qualify for off-
sets. I know we will talk about many of them today. And as the
jurisdiction of this Committee suggests, we will focus primarily on
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those within agriculture and forestry. Whether it is soil sequestra-
tion on croplands, methane capture from dairy farms, or sustain-
able managed forests to prevent deforestation, as well as grow
more and older trees, there are many opportunities to reduce emis-
sions of quality offsets that ensure that a ton of carbon reduced is
a ton of carbon.

First and foremost, we need to discuss an offset policy to find ad-
ditional solutions that reduce greenhouse gases. There are, how-
ever, other benefits to a strong offset policy: creation of jobs and
economic opportunity, increasing and incentivizing new tech-
nologies, providing additional environmental benefits, and, last but
not least, offsets provide cost containment.

Michigan and the Nation stand to benefit from a strong offset
policy. We are blessed in Michigan not only with a strong manufac-
turing base, but also agriculture and forestry are key to our eco-
nomic success. And I think that we can benefit both of those sec-
tors as we look at the issue of quality offsets. Bottom line, we need
to meet our greenhouse gas emission mandates, and we can if we
allow this to be a policy that is reasonably priced, which, again,
goes to the question of offsets.

Offsets allow for significant cost control. Recently, a well-re-
spected EPA model analyzed the Lieberman-Warner bill and found
that viable offsets can drastically diminish the cost of carbon both
to businesses and to consumers. For example, if we do not restrict
the amount of verifiable quality offsets in a cap-and-trade market,
the cost savings to the economy may be as much as 71 percent
from a program that does not limit quality offsets.

There are also other significant opportunities that come from off-
sets. With proper management, both forestry and agriculture could
help reduce as much as 25 percent of annual U.S. emissions. Cur-
rently, agriculture sequesters only 1 percent of U.S. emissions, but
through items we will talk about today, we could sequester as
much as 10 to 15 percent, which is why this hearing is so impor-
tant.

So I am hopeful that we can construct a set of policies from your
recommendations today that encourages as many quality and
verifiable offsets as possible. That way we can make sure that we
are transitioning into a new low-carbon economy in a way that is
economically stable and is one that benefits consumers in all parts
of our economy.

I am looking forward to the panelists, and I will introduce them
in a moment. But let me first turn this over to our Ranking Mem-
ber, and I also want to thank Senator Ken Salazar from Colorado
for joining us for this very important hearing.

Senator Crapo.

STATEMENT OF HON. MIKE CRAPO, A U.S. SENATOR FROM
THE STATE OF IDAHO

Senator CRAPO. Thank you very much, Senator Stabenow. I ap-
preciate your working with me and your interest in this hearing.
I think it shows very strong leadership, and I appreciate that.

I also want to thank our witnesses for being here with us today
to discuss the role of agriculture and forestry in a low-carbon econ-
omy. I especially want to give thanks to Mr. Dick Wittman for trav-
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eling here from Idaho to participate in the hearing. Dick is a mem-
ber of the Steering Committee on the Agricultural Carbon Market
Working Group and Past President of the Pacific Northwest Direct
Seed Association. He is a farmer, a rancher, and a forester from
Idaho and a leader in the agriculture industry on carbon markets.
He is also very valuable in terms of his depth of experience, being
a producer who is voluntarily participating in carbon contracts, and
I value his input and consider him to be an important resource on
these issues.

It has been estimated that agriculture and forest land can con-
tribute immensely to reductions in greenhouse gas emissions. For
many in agriculture and forestry, carbon offsets represent opportu-
nities to obtain more value out of the land and new land manage-
ment technologies in addition to the possibilities of reducing the
costs of cap-and-trade programs.

Agriculture and forestry offsets are already contributing finan-
cially to some farms and private forestry operations, and because
of their important functions, farmers and foresters must have a
voice in the discussion about climate change policy. That is why I
want to thank you again, Chairman Stabenow, for holding this
hearing today for this important discussion.

Climate legislation is expected to be considered by the full Sen-
ate soon, and it is important that we are having this dialog today
to increase the awareness of agriculture and forestry’s contribu-
tions and to take a careful look at what is known so far as to how
offsets are working in voluntary markets and how projects can be
properly verified and monitored.

Additionally, appropriate attention needs to be paid to examine
both the positive and the negative effects of mandatory cap-and-
trade systems on farmers, ranchers, and foresters. I commend the
work that is being done throughout the agriculture and forestry
communities to collectively look at the most constructive role for
agriculture and forestry in this context.

Many of the witnesses here today have been on the cutting edge
of that effort and in the cooperative work that is taking place on
this issue. It is very productive. Congress is on the verge of final-
izing a new farm bill, and included in that farm bill conference re-
port is a provision to require the United States Department of Ag-
riculture to create technical guidelines, including verification and
accounting measures to determine environmental services benefits
from conservation and land management actions. This provision
would also direct the Department to concentrate first on carbon
markets. It is important because it would better prepare agri-
culture to take part in the carbon credit markets through a struc-
ture led by the USDA.

This provision also adds to the significant mechanisms in the
farm bill for improving our environment through conservation pro-
grams. We need to keep these programs in mind as models when
considering climate initiatives and legislation. No Federal policy
has contributed more to enhancing our environment than the farm
bill and the conservation programs specifically included in it.

I continue to believe that incentives rather than mandates offer
the best way to achieve environmental results on private land. For
that reason, the role of family farms and private forests as offset
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contributors rather than capped industries seem to me to be the
most productive approach. It is important to make certain, though,
that throughout the advancement of any legislation pertaining to
this issue, it does not turn into a mechanism to force certain plant-
ing or operating decisions that may not be in the best interest or
make the best sense for a particular agriculture or forestry oper-
ation.

Additionally, it is important that U.S. agriculture sectors do not
get penalized for environmental management in agriculture sectors
outside our borders. For instance, the United Nations Food and Ag-
riculture Organization cited cattle rearing as generating more
greenhouse gas emissions than the transportation sector. However,
in the United States, cattle management practices surpassed prac-
tices in other countries.

The livestock industry is a vital part of Idaho’s economy. In 2007,
Idaho’s beef and dairy industries provided 57 percent of Idaho’s
overall agricultural receipts with more than $3 billion. It is impor-
tant for our national economy to ensure that these sectors continue
to be successful to maintain these industries and the jobs that they
produce in the United States.

I encourage everyone to continue to take a hard and realistic look
at all the factors, good and bad, that may result from a mandatory
cap-and-trade system. The effects are far too reaching to do other-
wise.

Some have raised the concern that emissions leakage could sub-
stantially lessen the effects of emissions reductions, and it is also
important to look at how early actors who are already taking steps
to reduce emissions will be taken into account in the new system.
It is also important to examine proper measurement, double count-
ing, permanence, and the very serious concerns about the impact
of cap-and-trade systems on agricultural inputs that are already
sizable and growing. We also need to make certain that as tradable
units are developed, they are done in metrics that make sense for
agriculture.

For farmers and foresters to be able to assist with reducing emis-
sions, they must be able to remain on the land. There are legiti-
mate concerns that implementation of the cap-and-trade system
could result in prohibitive increases in input costs, such as diesel
and fertilizer. Policies should best be structured to enable agri-
culture and forestry to contribute to this effort without compro-
mising their ability to thrive.

I look forward to diving into some of these issues as we evaluate
the discussion today. And, again, I want to thank all of you for
coming here, the witnesses, Senator Stabenow for the farsighted-
ness in holding this hearing, and good timing as well. And I appre-
ciate what I expect we will have in terms of our lively discussion
today.

Thank you.

Senator STABENOW. Well, thank you so much, Senator Crapo,
and we want to recognize Senator Amy Klobuchar as well, and,
Senator Salazar, if you would like to take a moment, welcome.
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STATEMENT OF HON. KEN SALAZAR, A U.S. SENATOR FROM
THE STATE OF COLORADO

Senator SALAZAR. Thank you very much, Senator Stabenow,
}(llhai;"man of the Subcommittee, and Senator Crapo for holding this

earing.

I have a statement that I will just submit for the record, but I
want to make two comments.

First, it seems to me that what we did with the farm bill in Title
IX, Moving Forward with New Energy Opportunities for Rural
America, was a major step in the right direction. We gave the farm
bill some real meaning with respect to the energy future of Amer-
ica that deals with everything from cellulosic ethanol to geothermal
to small hydroelectric to small wind and a whole host of other
things that were in there. And I think that is very important. And
as we move forward in the climate change debate, one of the things
that we will be addressing again is how we continue to move for-
ward with that clean energy frontier.

One of the aspects of climate change and carbon control that we
worked on in the Energy Committee for a long time has been the
concept of carbon capture and sequestration, and, unfortunately,
we have not been able to move with the demonstration projects
that we have wanted to move forward with on that agenda. In my
own State, we had a plan in place that would have put together
a major IGCC plant that would allow us to burn coal and would
allow us to sequester the carbon in geologic formations.

As we look at that concept, I think it is also very important to
understand that those who have sequestered carbon for a very long
time are, in fact, the farmers and ranchers of America, and I think
that this hearing gives us an opportunity to put the spotlight on
how our agriculture and rural communities can help us deal with
the challenge that we face with carbon emissions and climate
change.

So I very much appreciate the hearing. Thank you very much.

Senator STABENOW. Thank you.

Senator Klobuchar.

STATEMENT OF HON. AMY KLOBUCHAR, A U.S. SENATOR
FROM THE STATE OF MINNESOTA

Senator KLOBUCHAR. Well, thank you so much, Madam Chair, for
holding this hearing. We are both from Midwestern States where
we have people who not only farm but also people who love the out-
doors. And I do not just hear about global warming anymore from
academics. I hear it from hunters in Hibbing, Minnesota, who have
seen the effects on their wetlands; from people who go ice fishing
on Leach Lake and are having trouble putting their fish houses on;
from business leaders up in Duluth who have seen the effects on
the water levels in Lake Superior. And certainly if the projections
are correct, no one will feel the impact worse than farmers, who
may face more severe weather, droughts, and storms, and will
make their lives even more unpredictable.

But I also believe farming can be part of the solution, and that
is why I am so glad you held this hearing today. Some of the cut-
ting-edge research on the cellulosic ethanol, which Senator Salazar
referred to, in the farm bill is at the University of Minnesota,
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where they found that we can actually produce carbon-negative
motor fuel from native prairie grass. That is why that section of
the farm bill that provides incentives for dedicated energy crops is
so important.

There are other ways for farmers to fight global warming, too.
There is a farmer in northern Minnesota whose name is Dennis
Haubenschild—that is a good Minnesota name. He tells me that
his cows pay him three different ways: first, his cows pay him with
the milk that they produce; second, with the electricity that they
generate with his methane digester; and, third, he sells the offsets
to the Chicago Climate Exchange for capturing those greenhouse
gases. He has a saying, Dennis does: “It is only waste if you waste
it.” And it has proven to be true.

I am very excited about the work we are doing in our State with
wind turbines and biomass gassifiers and all kinds of things. The
times are changing quickly, both in terms of our understanding of
global warming and also what we can do to fight it. And I am look-
ing forward to hearing from our witnesses about what Congress
can do to help farmers to participate to the maximum extent in
clean energy and solutions to global warming.

Thank you, Madam Chairman.

Senator STABENOW. Thank you, Senator.

We want to turn to our terrific witnesses, and, Mr. Wittman, you
have been introduced already by Senator Crapo, but I would just
welcome you again as a farmer and rancher and forester from
Idaho, very much a part of creating the solutions. We welcome you.

Laurie Wayburn, who is President and co-founder of the Pacific
Forest Trust. Laurie is the co-founder of the only nonprofit organi-
zation solely dedicated to preserving, enhancing, and restoring
America’s private working forests for all of our public benefits.
With more than 25 years of national and international experience
in sustainability issues, Ms. Wayburn’s current focus is advancing
the climate benefits of forests. She is helping to lead regional and
national efforts to enact climate change policies that unit conserva-
tion and management with market-based incentives to reduce car-
bon dioxide emissions. We welcome you.

Mr. Ruben Lubowski, economist and Forest Carbon Economics
Fellow at the Environmental Defense Fund, we welcome you as
well and appreciate your expertise. You are working on the Climate
and Air Program and the Climate Campaign with a focus on devel-
oping domestic and international strategies to integrate carbon
emissions and sinks from forestry, agriculture, and land-use change
into a U.S. cap-and-trade system and a successor treaty to the
Kyoto Protocol. From 2002 through 2007, Mr. Lubowski was an ag-
ricultural economist in the Resource and Rural Economics Division
at the U.S. Department of Agriculture’s Economic Research Serv-
ice. That is a mouthful. You must have had a big business card on
that one.

[Laughter.]

Senator STABENOW. So we welcome you.

Steve Corneli, Vice President of Market and Climate Policy, NRG
Energy, and you coordinate NRG’s positions and strategic initia-
tives related to climate change issues. We welcome you as well. Mr.
Corneli has previously served as NRG’s Vice President of Regu-
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latory and Governmental Affairs and Director of Regulatory Policy
and has been a frequent witness in FERC market design pro-
ceedings and technical conferences. Prior to joining NRG, Mr.
Corneli served in the Minnesota Attorney General’s Office—there
you go, Senator Klobuchar—first as a utility policy analyst, and
subsequently as the manager of the office’s Utility Consumer Advo-
cate Division, with primary responsibility for energy-related legis-
lative affairs. Welcome to you as well.

And Derik Broekhoff, Senior Associate with World Resources In-
stitute. Derik helps direct the greenhouse gas protocol team at the
World Resources Institute and leads WRI’s work on the design of
greenhouse gas emissions trading programs, registry systems, and
standards for carbon offsets. He is the primary author of the WRI
WBCSD GHG Protocol for project accountability—OK—and has
testified before Congress on the development of voluntary market
carbon offset standards. Prior to joining WRI, he worked for 10
years in the fields of energy and climate change consulting, where
he developed financial and economic analytical tools for carbon
market forecasting, risk management, project evaluation, and busi-
ness strategy development for a wide range of private and public
sector clients.

As we can see, we have five wonderful experts here with us
today. I welcome all of you, and, Mr. Wittman, we will start with
you.

STATEMENT OF DICK WITTMAN, MEMBER, STEERING COM-
MITTEE, AGRICULTURAL CARBON MARKET WORKING
GROUP, AND FORMER PRESIDENT, PACIFIC NORTHWEST DI-
RECT SEED ASSOCIATION

Mr. WiTTMAN. Well, Madam Chairman, Ranking Member Crapo,
and members of the Committee, I appreciate the opportunity to
come today and speak about ways that agriculture can help our
Nation mitigate greenhouse gas emissions in a timely and cost-ef-
fective manner.

As Senator Crapo already gave my resume, I will not reiterate
that. But I would summarize by saying; being a manager of a crop
and livestock and timber-managing operation really means, we
are“carbon managers”. The more we start thinking about the most
important resource that we manage carbon and it is only through
that resource that we do all the things we do in the natural re-
source provider industry, it brings to bear what this issue today is
all about.

For the last 3 years, I have been part of a national steering
group of ag leaders studying carbon markets and climate change.
On behalf of that group, the Ag Carbon Market Working Group, I
commend you for looking at cost-effective strategies to achieve
greenhouse gas emissions.

Science has proven that ag lands have great potential for seques-
tering carbon. Sequestration is a proven sink that offsets the im-
pact of emissions. Analysis by the Pew Center indicates that agri-
culture can provide up to 40 percent of the reductions that we are
hoping to achieve by 2010 compared to 1990 levels. Consumers and
resource providers have concerns, and we cannot discount those
concerns as they relate to potential negative impacts from a car-
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bon-constrained economy. No one wants to face increased costs and
uncertainties that could derail economic progress. But, in my view,
the question is: Do we pay now, or do we pay more later? There
is a continuing increasing cost of ignoring this issue.

Our working group has studied emissions mitigation strategies
all across the U.S. and globally. We have learned that, with the
right incentives and education, there is no limit to the technologies
and practices that businesses and consumers can tap to reduce neg-
ative impacts on our climate. The organizations that I represent
urge you to recognize the diverse mitigation options that agri-
culture can offer. These include things like conservation tillage, for-
estry and agroforestry, reducing methane from manure and
ricelands, precision ag efficiencies, displacing fossil fuel with re-
newable energy and reducing nitrous oxide emissions from crop-
lands. Allowing market-based carbon offsets as part of a national
cap-and-trade program provides both a cost-containment measure
for emitters and a shock absorber to our economy. A cap-and-trade
system helps make it profitable for farmers and foresters to invest
in environmental stewardship.

As an energy-intensive industry, agriculture is sensitive to en-
ergy prices. It is in all of our best interests to create incentives for
transitioning to alternative energy that is both affordable and less
damaging to our environment. Greenhouse gas offsets can play a
huge role in creating those incentives.

The EPA and others have modeled cap-and-trade bills, such as
Lieberman-Warner, and they have concluded that domestic and
international offset provisions in Senate bill 2191, capped at the
15—percent level, could reduce allowance prices by 93 percent over
what they would be without these offsets. If we had unlimited ag
offsets, those prices could fall even further. EPA has also confirmed
that if we have unlimited offsets, this will not hamper technological
innovation, but will reduce costs of the entire cap-and-trade sys-
tem.

Many organizations are pursuing or already engaging in carbon
aggregation services. Soil carbon credits can be generated and trad-
ed in the greenhouse gas markets with absolute confidence. My
personal experience bears this out. In 2002, the Pacific Northwest
Direct Seed Association penned one of the first contracts in the
United States—and, frankly, throughout the world—to engage in a
voluntary carbon offset trade. We contracted with Entergy Corpora-
tion in Louisiana to direct-seed cropland for 10 years that would
sequester 30,000 tons of CO2.

Carbon trading has proven that education and incentives related
to these offsets can result in significant changes in farming prac-
tices. That is what this hearing is all about. We want to change
behavior, and those changes in behavior can result in both eco-
nomic viability as well as environmental improvement.

Emissions offsets that the ag sector can provide are high quality,
they are measurable, and they are verifiable. Scientists have stud-
ied this for years. Soil carbon sequestration also has many benefits
that go beyond greenhouse gas emissions reductions: It improves
air and water quality, reduces soil erosion, enhances moisture re-
tention, and improves soil productivity.
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A sad fact for our industry is that agriculture has lost over half
the native organic matter in our farming soils across the U.S. over
the past 300 years. This has resulted from tillage, wind, and water
erosion. Practices such as direct seeding—or no-till—are reversing
this trend. By sequestering carbon, we are strengthening soil qual-
ity, not further degrading it. We are also reducing fossil fuel con-
sumption on the farm. No other sector can offer such high-value
offsets to society at such a low cost.

As we move to a mandatory greenhouse gas system, buyers will
demand projects that pass rigorous measurement and verification
tests. The dairy industry is doing this, as you have indicated. Those
who say agriculture cannot offer a real mitigation solution are sim-
ply wrong. U.S. agriculture and forestry are some of the only sec-
tors with currently available, high-quality, low-cost, verifiable
emissions reductions technologies.

Mitigating and solving our climate crisis will not be easy. Other
world players were initially hesitant to include ag and forestry as
part of the solution. That was a mistake. They are now incor-
porating ag and forestry as vital components of their climate miti-
gation strategies. Here is an area where the U.S. has a unique op-
portunity to provide an international leadership role by crafting
reasonable and innovative ways to include ag and forestry offsets
as part of the total solution. Agriculture is ready and we are will-
ing to meet this challenge.

Because of our conviction that we can mitigate emissions, the Ag
Carbon Market Working Group has endorsed unlimited offset mar-
kets. So has a report just released by former Majority Leaders
Daschle and Dole. On behalf of the Bipartisan Policy Center, I
would respectfully ask that this report be submitted for the record.

Senator STABENOW. Without objection, it will be.

[The report can be found on page 104 in the appendix.]

Thank you again for the chance to speak to you today, and I will
gladly answer any questions and assist you in crafting responsible
policies as we move forward.

[The prepared statement of Mr. Wittman can be found on page
100 in the appendix.]

Senator STABENOW. Thank you very much.

I should mention to the witnesses and members, I think the clock
was not working for a while, but I think it is on now. So if every-
body has—there we go. OK. We will ask members to keep their
comments to 5 minutes, our witnesses, and we have lots of ques-
tions for you.

Ms. Wayburn.

STATEMENT OF LAURIE A. WAYBURN, PRESIDENT, AND CO-
FOUNDER, PACIFIC FOREST TRUST

Ms. WAYBURN. Good afternoon, Chairman Stabenow, Senator
Crapo, members of the Subcommittee. I would like to thank you,
as well as everyone else has, for holding this most important hear-
ing, for the role that forests and farms can play in climate policy
is not to be underestimated. I am honored to testify on the poten-
tial of private working forests in addressing the challenge of cli-
mate change. We look forward to working with you as you inte-



10

grate the forest and farm sector into an economy-wide climate
strategy.

The forests can and should, indeed probably must, play a signifi-
cant role in mitigating climate change. They are an essential tool
to help address this enormous challenge. Their inclusion will en-
able the most cost-effective, rapid, and durable climate gains,
which will also catalyze multiple additional economic and public
benefits from our forests, from sustainable clean energy alter-
natives to ecosystem restoration to hundreds of thousands of new
sustainable jobs. Harnessing the power of our forests and climate
policy will harness a key competitive advantage of the United
States in the burgeoning global climate marketplace.

Taking advantage of our Nation’s natural assets, deploying their
proven capacity—if you will, they are the original carbon capture
and storage—will help heal our climate. They can absorb excess
CO2 from the atmosphere and store it safely for hundreds to thou-
sands of years, in the forest, in products, and in substituting for
fossil fuels.

As you mentioned in your kind introduction, I am President of
the Pacific Forest Trust, the Nation’s leading nonprofit organiza-
tion dedicated to protecting America’s private working forests for
their many public benefits, including climate stabilization, and I
would suggest, as our prior speaker has, that this indeed may be
their most important contribution now.

We own, manage, and conserve working forestlands. We directly
conserve working forests valued at over $160 million and work on
millions of acres across the West. But we have also been instru-
mental in advancing the role of forests in California’s climate
change policies, which are the first economy-wide in the country;
in the Northeast’s Regional Greenhouse Gas Initiative; in the
Western Climate Initiative in Washington State; and a number of
others. We have worked on this issue since 1993.

So in my remarks today, I will address the potential of forests
in offsetting and reducing net carbon dioxide emissions as well as
the lessons learned from our experience in California developing
climate policy and climate markets, where we have, in fact, devel-
oped the first State-compliant project to meet emissions reductions
targets, and we have now sold over 80,000 tons of emissions reduc-
tions into this country’s first pre-compliance market.

Our experience shows that forest emissions reduction projects are
realistic, cost-effective and practical tools. They conserve and re-
store private working forests, they economically sustain forest own-
ers, and they ensure the long-term delivery of public benefits from
water to wildlife, as well as wood. And in addressing the challenge
of climate change, we welcome your inclusion of these sectors in
order to create an effective economy-wide system.

Very simply, forests absorb and hold CO2 when they grow, and
they release it when they are converted, lost to development, or
when they are disturbed. In fact, the United States shares this
global problem of forest loss and degradation that we are now see-
ing recognized so strongly in international negotiations.

We lose 6,000 acres a day of forest and open space in this coun-
try. Over 4,000 of those acres are forests. That is 1.5 million acres
of forests a year. Every year, we lose forests the size of the State
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of Delaware. When we lose those, we lose all the carbon stocks that
they hold and all their future sequestration and climate benefits
they bring. So we share this with the global situation.

But this problem is also an enormous opportunity for the United
States, for in the United States we actually have the legal struc-
tures, the governance, and the science to do something about that
forest loss today, and to do so in a credible, verifiable, and enforce-
able manner. We can put our forests to work today in fighting cli-
mate change.

By doing that, we can reduce net CO2 emissions by tens of bil-
lions of tons in the next 50 years. Three simple actions—reducing
forest loss, restoring forest carbon banks, and reforesting former
forests—will bring us those benefits. We can measure those in
ways that can be very precise, using methods that are well accept-
ed and in wide use. And this will be based on existing legal institu-
tions and governmental systems. This distinguishes us globally.

My time is running down here, so I am going to switch over to
showing where we have done this in the State of California.

In adopting a compliance system with a Cap, California inte-
grated forests into that as part of early action measures. My orga-
nization recently completed the first project that met those compli-
ance targets. That is on 2,200 acres in Northern California where
we are using forest management to both conserve and restore the
forest carbon banks there.

We recently sold 60,000 tons of certified emissions reductions to
Natsource, a leading global emissions and renewable energy asset
manager, which purchased these—this is their first investment in
the United States of any sort. They purchased these believing that
forest offsets are a key policy tool in the portfolio of activities to
address climate change. A number of other purchases have been
made as well, such as by our Governor and by the Speaker, who
wanted to have high-quality, State-backed emissions reductions.

But the project is also providing other public benefits: sustain-
able flows of harvest of timber, and the restoration of habitat for
endangered species, indeed, spotted owls have recently been sight-
ed on the property. So we are managing for climate, for timber, and
for spotted owls. We are adding a net asset value, net present
value of over $2,000 per acre for this landowner, and that is not
negligible, and that is complementary to sustainable timber.

So these forest offset projects are an important step in developing
a robust carbon market. We have received countless inquiries for
purchasing these emissions reductions and from landowners to cre-
ate these emissions reductions.

What this shows is that when you have the right policy, the mar-
ket will follow. In looking at Federal cap-and-trade legislation, in-
corporating a system such as in California will create the kinds of
incentives that private landowners need to manage their lands to
produce the climate benefits we need to address climate change. In
doing so, we can provide also hundreds of thousands of clean, very
green jobs through managing our forests for these products.

In conclusion, I would like to suggest that forests are not only
a bridge to a low-carbon future, they are a key component of a
long-term integrated strategy in U.S. climate policy.

Thank you.
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[The prepared statement of Ms. Wayburn can be found on page
87 in the appendix.]

Senator STABENOW. Thank you very much.

Yes, Dr. Lubowski.

STATEMENT OF RUBEN N. LUBOWSKI, PH.D., FOREST CARBON
ECONOMICS FELLOW, ENVIRONMENTAL DEFENSE FUND

Mr. LuBowsKI. Good afternoon, Madam Chairwoman and distin-
guished members of the Subcommittee. I greatly appreciate the
chance to talk with you today about the critical role that agri-
culture and forestry can play in moving our Nation and the world
to a low-carbon future.

Last August, I attended a workshop in Des Moines organized by
the American Farmland Trust, the Farm Foundation, and the Nat-
ural Resources Defense Council. This event brought together 27
farmers to share their views on the market opportunities of a low-
carbon economy. I was struck by a widespread recognition of the
potential this holds. One participant summed up the mood of this
meeting by saying, “Agriculture will be in the carbon-constrained
world. This is one way we can share costs and spread societal bene-
fits. Agriculture is a system, and it is involved.”

Overall, the strong message from this meeting was that crop and
livestock producers want to be engaged in a climate change solu-
tion, designing its policies and harvesting its benefits. These bene-
fits are hard to ignore. Carbon promises to be a bumper crop for
U.S. agriculture and forestry if we put the right policies in place
to reward the farming, forestry, and ranching practices that reduce
greenhouse gas emissions. The rewards, according to an analysis of
legislation similar to the Lieberman-Warner Climate Security Act,
could total more than $8 billion a year for American farmers alone.
This is more than the value of the entire U.S. wheat crop. So it is
not—this is a very significant amount.

My testimony today will cover three key points:

First, our farms and forests have enormous potential to deliver
major environmental benefits and provide a crucial form of cost
control as we move to a low-carbon economy.

Second, a framework of different quality assurances can safe-
guard the value of investments in carbon-friendly forestry and
farming practices.

Last, a system that credits reductions in tropical deforestation is
a major opportunity to control costs in a cap-and-trade system, but
the chances to do this are literally vanishing as we speak. This is
an opportunity we cannot afford to miss to engage key developing
nations in the global effort to control greenhouse gases.

To begin, agriculture and forestry activities have great potential
to provide cost-effective climate solutions that deliver other envi-
ronmental benefits as well, as we have already heard. Our vast
rural land base is one of our great national assets. Climate-friendly
agricultural and forestry practices can reduce emissions of gases
that cause climate change and that can also actually remove these
gases from the atmosphere. Whether in agriculture, forestry, or
rangeland management, our rural economies possess tremendous
potential for growth in a new industry of climate solutions.
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By driving changes in land-use and land management practices,
markets for offsets can also create substantial public benefits in ad-
dition to climate change mitigation. For example, practices that
conserve soils and reduce fertilizer inputs would reduce the amount
of pollution entering our waterways. A well-designed offset pro-
gram will also provide major new opportunities for American entre-
preneurship because there will be money to be made by finding
new and better ways to sequester carbon and otherwise reduce
emissions from uncapped sectors. A well-designed offset program
will stimulate technical research and business innovation in Amer-
ica’s rural economies.

The potential impact of carbon-friendly changes in land-use prac-
tices also extends far beyond our borders. The destruction of forests
in the tropics emits massive amounts of carbon dioxide, approxi-
mately 20 percent of global greenhouse gas emissions. This is
roughly as much each year as all the CO2 emitted by all the fossil
energy consumed in the United States.

When forest carbon emissions are included, the third and fourth
largest emitters of greenhouse gases in the world are Indonesia
and Brazil, respectively. We have an opportunity to reap the bene-
fits of these low-cost, high-value emissions reductions through rec-
ognition of tropical forest protection activities in our own carbon
market. It is critical that we seize these opportunities not only be-
cause of the climate benefits, but also because of the tremendous
impact agriculture and forestry offsets can have on controlling the
costs of a transition to a low-carbon economy. Offsets broaden the
set of available options for complying with the requirements of cli-
mate policy by allowing companies greater flexibility to make emis-
sions reductions wherever they are cheapest across both the eco-
nomic and physical landscape.

Where there is potential to bank allowances for use in future pe-
riods, in addition, offsets allow companies to buildup reserves of
low-cost abatement solutions that can serve as a buffer against un-
expected swings in future allowance prices.

Agricultural offsets are among the lowest-cost of all the land-use
options, and several analyses have shown that these offsets to be
the low-hanging fruit.“ Economic analyses have confirmed the cost-
mitigating value of both agriculture and forestry offsets.

My second point is our system of quality assurances built in to
a cap-and-trade program can substantially mitigate concerns over
offset quality. An offset program can provide real reductions in
greenhouse gas emissions only if the offsets represent real reduc-
tions that are measurable, verifiable, and enforceable.

In my written testimony, I describe a two-part framework of op-
tions to meet the need for quality assurances, both at the scale of
individual projects and at the level of the overall program.

Firstly, the prime example is right here of all the experience that
already exists on ensuring quality at the project level. This is a
manual published last year by Duke’s Nicholas Institute for Envi-
ronmental Policy Solutions, along with EDF and a panel of highly
regarded scientists.

A range of approaches should also be considered to ensure qual-
ity while providing market incentives for offsets. For example, an
enhanced national and regional accounting system could be used
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periodically to compare expected performance from a sector’s offsets
to estimated changes in greenhouse gases measured in a national
inventory for that sector. In my written testimony, I also describe
a potential true-up process for the forestry sector that could permit
the use of improved information on changes in land-use practices
to assess and, if necessary, adjust the parameters of the offset pro-
gram.

My final point is that policymakers have a time-limited oppor-
tunity to simultaneously engage developing nations and reap enor-
mous greenhouse gas benefits through market incentives to reduce
tropical deforestation. My written testimony describes the results
from a modeling exercise we conducted at EDF that shows that in-
clusion of tropical forest credits can substantially reduce the overall
cost of a U.S. cap-and-trade program similar to the version of S.
2191 that came out of Committee. Opening America’s carbon mar-
ket to these international forest tons would also create a model for
iangag‘ing developing countries broadly in solving the climate prob-
em.

On the other hand, if the world waits a decade or two to create
powerful incentives for compensating those who protect tropical for-
ests, the forests and the approximately 300 billion tons of carbon
they contain will already be gone.

In short, the benefits of domestic agricultural and forest offsets,
as well as international forest carbon credits, should not be over-
looked. They offer an immediate opportunity to reduce emissions at
home and abroad, and with the right rules and standards, they can
substantially shrink compliance costs without compromising the in-
tegrity of a strict emissions cap.

Thank you for your attention. I look forward to your questions.

[The prepared statement of Mr. Lubowski can be found on page
53 in the appendix.]

Senator STABENOW. Thank you very much.

Mr. Corneli.

STATEMENT OF STEVEN CORNELI, VICE PRESIDENT, MARKET
AND CLIMATE POLICY, NRG ENERGY, INC.

Mr. CorNELI. Thank you. Good afternoon, Chair Stabenow,
Ranking Member Crapo, Senators. It is wonderful to be here and
to have this opportunity to talk about offsets, which are probably
one of the three most critical issues facing decisionmakers in de-
signing an effective climate change program, the other two, in our
view, being the rate of emission reductions and the whole question
of allocations. These three things together will be critical in deter-
mining the economic impacts and environmental effectiveness of
any climate change legislation, and agriculture and forestry are
very significant in the equation because they both contribute large
amounts of greenhouse gases that are hard to regulate under a
cap-and-trade system and, thus, are ideal candidates for providing
offsets. And at a personal level, one of the things you did not men-
tion in introducing me was that before I moved to Minnesota, I
spent 12 years managing our family’s potato and vegetable farm of
700 acres in Wisconsin, and I know firsthand from that experience
how eager rural America is for the kinds of business and environ-
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mental opportunities that high-quality offsets can create in agri-
culture and in forestry.

Now, offsets are also critical for our company as well. We are a
major power producer. We own and operate 23,000 or so megawatts
of power plants throughout the Northeast, the South, and Cali-
fornia. Seven thousand megawatts of those power plants are coal-
burning power plants, and we are one of the largest emitters of
CO2 in the United States, probably the seventh largest in the
power sector. Last year, we emitted 61 million metric tons of CO2.
We are not particularly proud of that fact, but we are proud of pro-
viding low-cost, reliable power, and coal is part of the equation that
makes that possible.

On our own, we are aggressively working to reduce our own car-
bon emissions by developing new low- and no-carbon power plants,
including nuclear, wind, and post-combustion and pre-combustion
IGCC carbon capture and sequestration. But these kinds of vol-
untary efforts like we are doing we think are simply not enough.
Like the other members of USCAP at the table here, EDF and
WRI, we believe that there has to be a mandatory U.S. cap-and-
trade system to regulate carbon emissions, and we need this as
soon as possible to send a market signal for the rapid investment
in low-carbon technologies across our entire economy.

There are two reasons we are so interested in offsets. First,
under any cap-and-trade system, we are going to be a major buyer
of allowances. We favor a bill that would have a mix of auction and
allocations, like the Lieberman-Warner bill does. Under that bill,
we would get enough pre-allowances for about 46 percent of our
emissions and would have to buy the rest, about 33 million allow-
ances in the first year. If we can buy offsets for less than those al-
lowances, we will buy as many as the law allows. That is simply
in our own interest to do so.

But more than our own interest, the basic laws of supply and de-
mand mean that the use of ample amounts of offsets, because they
are anticipated to be less costly than many of the emission reduc-
tions in the regulated sector, should not only lower prices for us
but should lower prices for consumers throughout the U.S. econ-
omy. And this will help protect our economy during the transition
to low-carbon technologies while helping limit climate change. This
great potential from offsets to make climate change legislation
more effective and less burdensome to consumers and our economy
is the main reason we are so excited about offsets. But that can
only happen if the right things in the policy arena happen. So here
are the five things that we think are most important.

The No. 1 issue, probably the most important issue of all, is we
need climate change legislation now. Just as an example, we are
trying to buy offsets ahead of time. We can buy them through the
Regi markets because the rules are established. We cannot buy off-
sets that will qualify under the United States cap-and-trade pro-
gram because those rules do not yet exist. Nobody knows what will
qualify. Nobody knows how to produce or buy those offsets. So we
need to get the market rules out there in a way that is friendly to
business, friendly to the environment, and that will unleash inno-
vation in new technologies. We feel that the entire carbon-related
investment scene, whether it is power plants, automobiles, offsets,
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were all frozen in the headlights without clear rules. So that is the
No. 1 thing.

Second, there have to be reasonable opportunities for using off-
sets for compliance. As you have heard, various modeling exercises
suggest that more offsets result in lower prices. We think this is
critically important, but it is important not to ask for too much be-
cause, as any farmer knows, too much of a good thing can cause
the price to crash, and too low of a price that could happen perhaps
from unlimited offset use would not necessarily be in anybody’s in-
ter}elst. So it is important to get the quantity right and the price
right.

Third, high-quality offsets are critical. We look for contractual
guarantees that we will not be at risk for offsets that fail to meet
quality compliance requirements, and that means it is in
everybody’s interest, sellers and buyers, to have high-quality off-
sets.

We think that there has to be a mix of domestic and inter-
national offsets. Again, the same modeling from the EPA, EIA, and
others suggests that domestic offsets alone may not be enough to
achieve the balance that is needed in terms of price and quantity.
And high-quality international offsets, especially the ones from the
reduced deforestation that Dr. Lubowski talked about, we think are
critically important.

And, finally, on that note, a mixture of project-based offsets and
sector-based offsets. Project based offsets—which are things that
entrepreneurs go out—they put in the methane capture in the feed-
lot in the livestock operations, and they sell those offsets to people
like us. Those are important. But sector-based ones, such as the
Government of Brazil reducing deforestation in Brazil, or other sec-
tors that cannot easily be regulated, also are important.

So that about sums it up. We need action. We need climate
change legislation from Congress and signed by the President
quickly. We need fair rules about offsets. We need ample amounts
of offsets, and we need clarity in the ability to get on with invest-
ing.

Thank you very much.

[The prepared statement of Mr. Corneli can be found on page 50
in the appendix.]

Senator STABENOW. Thank you very much.

And last, but certainly not least, Mr. Broekhoff.

STATEMENT OF DERIK BROEKHOFF, SENIOR ASSOCIATE,
WORLD RESOURCES INSTITUTE

Mr. BROEKHOFF. Thank you, Madam Chair and distinguished
members of the Subcommittee. Thank you for this opportunity to
testify about the potential role of agriculture and forestry in
achieving a low-carbon economy. My comments today are focused
on the basic requirements for carbon offsets under an emissions
trading program and how agriculture and forestry projects that re-
duce or sequester greenhouse gas emissions may fare against those
requirements.

My own study of the issues suggests that agriculture and for-
estry have an important role to play in lowering the costs of miti-
gating climate change. At the same time, many types of agriculture
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and forestry projects may have a harder time meeting the basic cri-
teria for carbon offsets than projects in other sectors. It may be
more effective to support these kinds of projects through methods
other than a carbon offset program.

To understand the issues involved, it is important to clearly de-
fine the function of a carbon offset in an emissions trading system.
Fundamentally, a carbon offset is a reduction in greenhouse gas
emissions that is achieved to compensate for, or offset, an increase
in emissions at another source. To serve this function, carbon off-
sets need to meet five basic criteria.

First, carbon offsets must be real. They must reflect a complete
accounting of a project’s effects on emissions. Any unintended in-
creases in emissions resulting from a project, or leakage, must be
fully accounted for.

Second, carbon offsets must be additional. This means they must
involve reductions that would not have happened in the absence of
a carbon offset program.

Third, carbon offsets must be permanent. Offsets that are prone
to reversal through fire, harvesting, or other disturbances must
have measures in place to compensate for when this occurs.

Finally, carbon offsets must be verifiable and they must be en-
forceable.

The biggest challenge for any carbon offset program is finding
practical methods to ensure that offsets are real, additional,
verifiable, permanent, and enforceable. Fortunately, a lot of work
has been done to develop methods for doing so under a variety of
programs, both international and domestic, some of them already
mentioned here today.

The standards developed under these programs would have to be
carefully evaluated to determine their compatibility with a Federal
regulatory offset program, but there is a large body of work to build
off of. The larger challenge is deciding which types of projects to
include in a carbon offset program. Generally speaking, emission
reductions with the lowest uncertainty about their quantification
and additionality make the best offsets. Projects that capture and
destroy landfill methane, for example, are highly credible because
their effects can be directly measured, and there is little uncer-
tainty about their additionality. Projects that sequester carbon, on
the other hand, including reforestation, forest management, agri-
cultural land management, and avoided deforestation projects, can
be more challenging. This is because, compared to other types of
projects, their effects can be more difficult to measure; their ref-
erence cases can be more difficult to establish; they are more prone
to leakage; and their emission reductions are subject to reversal.

In most cases, it is possible to compensate for these risks and un-
certainties. But reducing uncertainty means increasing costs. It
may be that these added costs can be borne by a carbon offset mar-
ket, but it is also worth considering whether the climate benefits
of these projects could be achieved in ways that avoid all the costs
necessary to certify them as carbon offsets. If such costs could be
avoided, then more reductions could be achieved for the same ex-
penditure of resources.

One way to do this would be to encourage projects with high
quantification uncertainties through a separate program of direct



18

payments or other kinds of incentives. Unlike offsets, reductions
achieved through direct payments, for example, would not have to
compensate for increased emissions at other sources and, therefore,
would not have to be subject to the same levels of scrutiny in terms
of measurement, additionality, leakage, and reversibility.

Further study is needed to determine which types of projects
might best be encouraged through an offset program and which
might be better achieved through other methods. In the meantime,
it makes sense to design policies that keep both options open for
a variety of emission reduction projects.

Thank you very much, and I am happy to answer any questions.

[The prepared statement of Mr. Broekhoff can be found on page
36 in the appendix.]

Senator STABENOW. Thank you very much. We appreciate all of
your testimony.

Let me first start by really asking a question related to, Mr.
Broekhoff, what you were saying at the end in terms of being able
to measure offsets. Obviously, we want to make sure that whatever
is being done meets the kinds of things you are talking about. It
is real, it is new, it is additional, it is enforceable, permanent,
verifiable, and so on. But we have heard slightly different things
as it relates to forestry and reforestation and so on. And so I am
wondering if anyone else on the panel, if Dr. Lubowski or Ms.
Wayburn, you were kind of looking over—from the look on your
face, I thought maybe there was a little different perspective that
you had in terms of measuring as we talk about reforestation and
so on. But I wondered if either of you would want to comment
about that as verifiable offsets, credible offsets.

Ms. WAYBURN. I would agree with Mr. Broekhoff that these are
key issues that have to be addressed, and I think that these have
affected how people think about forests and forest emission offsets.
However, I think we should draw a distinction between where
those uncertainties really exist and where they don’t.

I was suggesting that there is a distinction between what we
have available in the United States in the way of science and sys-
tems and good governance that enable the precise measurement,
that enable the tracking and verification, that enable the trans-
parency to be able to quantify forest emissions reductions with very
high certainty. And, indeed, I would say they have to be. The only
way we can create offsets that are fully tradable is to meet those
same standards, and I believe we have done that in California, be-
cause we are now in a pre-compliance market.

I do agree that uncertainties in measurement exist in forests
that we do not yet understand and that we may wish to take a dif-
ferent approach for forests where we cannot measure them as accu-
rately as we can in the United States and use those systems to
help buildup, if you will, to the science and institutional credibility
and governance that will enable the kind of accuracy that we want
to see in a full trading market. But I believe that we have every
capacity in this country to meet all of those requirements, and, in-
deed, in California’s State legislation, AB 32, which sets a cap, all
of those requirements—real, additional, permanent, verifiable, and
enforceable—are required and forests are accepted in that regime
as offsets through early action.
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Senator STABENOW. Do you believe that it is more difficult from
an international offset perspective than it is domestically as we are
looking at forests and offsets?

Ms. WAYBURN. I think we need to do both. This is such a critical
issue. When we look at the net excess of CO2 in the atmosphere
today, between 40 and 50 percent of that comes from forest loss
and degradation. That is both in the tropics and here. So we need
to do both. I am suggesting that we may want to take slightly—
we may want to take similar but parallel approaches domestically
and globally so that domestically we have the systems to be fully
tradable to meet those offset criteria and to do it with all the meas-
urement and verification down to the very precise 0.01 statistical
accuracy. And, globally, we may not be able to meet that, so we
might want to have a different system that we look at which has
a different kind of discounting approach globally, where what we
are really concerned about is not so much that precise measure-
ment on an annual basis and verifying it and visiting it, but we
are using, for example, remote sensing to see if those forests are
still there or not and we make direct payments annually to ensure
that; and that as we buildup the science there, we can have exactly
the same kinds of systems and perhaps that in the U.S. can help
inform that globally. But I think we need to do both.

Senator STABENOW. Dr. Lubowski, you talked also about inter-
national—the importance of addressing what is happening inter-
nationally as well as domestically.

Mr. LuBowsKlI. Yes, and, generally, we think that incorporating
international forest credits is a tremendous opportunity that should
not be missed, and it is an opportunity that, you know, we are los-
ing as we speak. So for that reason, it is very important to get
those greenhouse gas benefits, which also, you know, have this po-
tential to offer cost control for U.S. companies and in this way also
reduce costs for U.S. consumers.

Going back to the monitoring question, I just first of all want to
concur that absolutely monitoring and verification have to be done
and are a key part to ensuring the quality of these offsets. And,
you know, that is essential for having a robust market where, you
know, producers can get fair value for their product and also where
the purchasers can have certainty of what they are buying.

You were asking about monitoring in the forestry case versus
maybe in terms of some other offsets from agriculture, and one
issue here is that for soil carbon, you really have to get into the
ground to measure it; whereas, forests can more easily be mon-
itored from space.

I am not a remote-sensing expert, but I have been told that there
are some ways you can actually get some idea about soil carbon
from space. But in the forestry case, this is a lot easier and a lot
more precise.

So that is one of the reasons why in my testimony we discussed
this national accounting system and improved national inventory
with a potential provision for over time, if we are not getting all
the reduction from the forest sector that we expected, there might
be some room for a true-up.

Conversely, you know, we might get more than we expected, and
then we—you know, we would not have to worry about that. But
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the key is that, you know, we can do the monitoring from space
and also that it is very important to build a program that over time
will gather more and more data and more and more information
and have the flexibility that as we get this data, we can then im-
prove the program, refine the protocols, and make things better as
we go along.

Senator STABENOW. Thank you.

To any of the panelists that want to answer, we will be having
in front of us a very important work product regarding global
warming coming before the Senate in June, a very important piece
of legislation, a lot of work, bipartisan and so on. What would
you—would anyone want to speak to how you would improve on
this as it relates to offsets? What do you think would be the—
whether it is the number, whether the percentage that is in the bill
right now, or the language in terms of types of offsets, do you feel
that the language—and I know we will have a substitute or a man-
ager’s amendment. We will have to take a look at the final lan-
guage. But do you feel that the language, in terms of offsets and
the kinds of things, whether it be agriculture or forestlands and so
on, are broad enough to cover all of the things we are talking
about? Or do we need to do some work as it relates to the descrip-
tion of the offsets as well? But it would be helpful to know any sug-
gestions that you would have. Yes, Mr. Corneli.

Mr. CORNELI. Senator, the comments I will make are about the
bill as it was reported out of EPW. There is certainly a lot of uncer-
tainty about what it is going to look like soon. But the two areas
that we think would be improvements in the bill compared to how
it was when it came out of EPW would be, first, to make it clear
that when it comes to offsets, the 15 percent that was allowed for
compliance for international credits would instead be clearly speci-
fied that those could be international offsets—a credit being some-
thing like what is traded as an emission allowance in the EU, not
an offset per se. We think that is very important. And that would,
in effect, convert the bill from 15 percent to 30 percent offsets.

We also think it is very important that the idea of these avoided
tropical or avoided international deforestation tons be a component
of the bill simply because the volume of deforestation that is going
on tropically—I did some math. I think it is 100 square miles a
day, roughly, of tropical forest that is disappearing and will not
come back. It is so huge that that is an opportunity that we just
cannot lose. It has all these other biodiversity and ecological and
international security benefits.

And, finally, as a buyer, again, we hate to see some really good,
cheap stuff go just because people have not figured out how to
weight it yet. You know, let’s keep it in the bin until we figure out
what the scale is, and then let’s start buying it pretty quick.

So we think those are two things that would be fairly straight-
forward and improvements over the bill as it was in Committee.

Senator STABENOW. Thank you.

Mr. Wittman.

Mr. WiTTMAN. Well, I would like to add one point on the percent-
age of the offsets that could be coming from the ag and forestry sec-
tor. We believe that the current number is too low. We would like
to see unlimited offsets. If this is truly the least-cost alternative
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out there, and we are not looking at this as a permanent solution
but, rather, a bridge toward the future where we can get tech-
nology to come up with solutions for better energy and other
changes in our systems that reduce emissions, we would like to see
no limits rather than a 15 percent limit.

Another area that is very important is the issue of the infrastruc-
ture you are going to use to implement this. We already have a
wonderful infrastructure in USDA that can provide a delivery sys-
tem that has—it has been in the business of creating standards. It
has been in the business of creating data. It has data out the front
line. One of the issues that I see of major concern—and this has
happened in the past as we have added new programs like EQIP
or CSP—is that we give an existing organization a new mandate,
and we do not give them any additional resources. We do not pro-
vide the educational support so that they can implement that.

USDA scientists have been studying models for years, and our
organizations have been working very closely with them in testing
and refining these models. And there is a huge body of work out
there. And in reference to the issue of measuring and monitoring
and verification, we share the concerns of others that we must be
able to meet the rigor of these rules so that they are good quality.
But a crude measure of the right thing is better than a precise
measure of the wrong thing. And you are dealing with measuring
something that can only be measured over long expanses of time,
because we have variables in rotation systems, we have variations
in climate, whether ag offsets, whether it is forestry or soil related,
can never be measured by what happens in 1 year. You have to
look at long-term trends.

Another issue is we have a tendency to think that all the an-
swers to our solutions exist in the United States. There are other
parts of the world that have been leaders long before us in imple-
menting no-till. They have data and research that we can
buildupon and add to our existing scientific data to get to answers
as to how to do this measurement process. It is available in Europe
and South America. You have countries that have wholesale adop-
tion of no-till that are leaps and bounds ahead of the United States
in terms of their percentage of adoption.

Our no-till organizations are interacting through international
networks to tap that information. So I would challenge you in these
bills to make sure that we clearly define USDA’s role in the defini-
tion of these standards, and particularly in the measurement proc-
ess, that they be given some specific directives. For example, one
is no further funding for a USDA model until they put that model
in laymen’s language where the user can put their data in without
converting it to metric information.

I recognize their need to publish and their scientific disciplines,
but that industry does not understand today who their customer is.
No farmer, no politician, no policymaker will stand for trying to
convert what we produce into metric units and taking 3 hours to
fill out a data form to test what is happening in sequestration.

So these are the things that I think the bill could really improve
upon.

Senator STABENOW. Thank you.

Anyone else?
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Mr. LuBowskl. Thank you. Environmental Defense Fund sup-
ports the version of the S. 2191 bill that came out of Committee,
but we think an improvement, as I said before, would be to expand
the international credit provisions to allow for the reduced deforest-
ation tons, and this is very important for the reasons that have
been already been mentioned, and especially because this oppor-
tunity is, you know, disappearing as we speak. And if we don’t take
advantage of it, we will end up paying for it in two different ways:
first, we will pay higher costs of complying with our climate legisla-
tion today, and, second, by not getting Brazil and other countries
on a path of reducing their deforestation emissions, this potentially
can make the climate problem worse and have us have to pay more
in the future to make up for the damage.

So for these reasons, it is very important to include these credits,
and I will also add on the monitoring side that Brazil right now,
through its National Space Agency, has on the Internet a website
where you can see in real time how deforestation is happening
across the country. So this can be monitored and verified.

Thank you.

Senator STABENOW. Thank you.

Yes, Ms. Wayburn.

Ms. WAYBURN. Well, I recognize that the version of the bill that
we have seen has changed markedly, so I am not going to comment
on the bill as it may exist or may not at the moment. But I would
like to suggest a couple of things.

We would support unlimited offsets with the proviso that we
need to have with that integrated accounting between the offset
sectors and the cap sectors. And I bring this up because one of the
most effective ways that forests and agriculture can contribute here
is to providing sustainable alternative energy. And if what we are
doing in the forest sector is providing this woody biomass for en-
ergy and eventually for low-carbon transportation fuels, and we are
valuing those fuels in the cap, but we are not valuing their produc-
tion facilities, if you will, the forests and the farms in the cap, we
could drive very perverse outcomes, because if all we do is value
the product but not the resource that is producing it, we push for
more product and we do not have to count for the impact here. And
we have seen this, unfortunately, in this weakest discussion
around corn ethanol. When you look at the whole cycle accounting,
corn ethanol does not pencil out from a carbon emissions reduction
strategy. And so I think that unlimited offsets I would favor, if as
noted a moment ago, because I think that as we move the market
forward domestically in this country, particularly because forestry
is a global industry, we will pull those markets globally as well.

I believe there is something called "positive leakage,” which is if
I do well by doing the right thing, you may also wish to do that,
too. And so I think that as we look at trying to incorporate unlim-
ited offsets, we need to recognize that we need an integrative ac-
counting between the capped and uncapped sectors so that we don’t
have perverse outcomes.

And the only other item that I would like to suggest is that rec-
ognizing the urgency of halting deforestation in the tropics, we also
need to recognize the urgency of harnessing America’s opportunity
to restore our own forest carbon banks. The opportunity here, tens
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of billions of tons in 50 years, an average of, say, a billion tons a
year, depending upon what price that you want to use. That is
going to be adding tens of billions of dollars into this economy for
revitalizing rural areas across this country that are forest depend-
ent or creating new jobs in energy. That is very powerful, and that
will generate the kind of support we need in this country to really
enact effective legislation.

Senator STABENOW. Thank you.

Mr. Broekhoff.

Mr. BROEKHOFF. Yes, Madam Chair, I would reiterate what Mr.
Corneli suggested in terms of recognition of international carbon
credits, and in particular, credits generated under the Clean Devel-
opment Mechanism. This is the largest existing regulatory offset
program in the world today.

There have been some criticisms of the CDM, I think some rea-
sonable ones, but I think the benefits of the United States engaging
with the system probably outweigh the risks, and that is a change
I would like to see.

If I might take a moment to say a few words about the inter-
national forest credit notion and, in particular, addressing avoided
deforestation through offset credits, I think, you know, clearly if we
look at the issue of climate change and how we are going to ad-
dress it, it is critically important to address deforestation globally,
not just for climate change mitigation but for a whole host of envi-
ronmental concerns. However, if you are looking at an offset cred-
iting approach for deforestation, all the kinds of concerns and cri-
teria I raised in my testimony come up, I think, writ large, in many
cases.

So you have to deal with issues of leakage. If you prevent defor-
estation in Brazil, you don’t want it to simply move to Peru. And
it is a global issue. If you look at timber markets today, they are
international and global in scope. They rapidly respond to shifts in
supply and demand.

So I think a system like that would have to have a very high par-
ticipation rate. You would want participation from countries that
make up probably 90 percent or more of global forest coverage.

You also need to look at this issue of permanence. If you slow
rates of deforestation, it does not help if that simply delays the
point at which all the forests are gone.

So if you are looking at an offset crediting mechanism, you want
to make sure that you are crediting against a baseline that actually
slows, stops, and reverses deforestation. And I think that is impor-
tant when we are looking at what you credit against in that kind
of system.

You also have to have effective monitoring and verification, and
I understand that there are others here who are probably more ex-
pert on this than I. Talking with my colleagues, I know we have
good systems for monitoring forest coverage. I think there are
greater uncertainties in terms of measuring the carbon that is ac-
tually in the forests, and we may have to improve some of that be-
fore you can have quantification levels up to the level of confidence
we want for an offset crediting program.

Finally, you need to have institutions and governments capable
of actually delivering on avoided deforestation and achieving these
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gains, and doing so in a way that respects community rights. And
I think to do that you will need some capacity-building efforts prior
to the implementation of this kind of program to get it going.

So, again, it is critically important to address, but there are a
number of ducks that I think you need to get in a row before this
kind of program might be viable as an offset program.

Senator STABENOW. Thank you.

Mr. COrRNELL If I might just

Senator STABENOW. Yes, quickly, and then I am going to turn to
Senator Crapo.

Mr. CORNELL In the spirit of dialog here between the limits, the
unlimited, and a lot of ducks to get in a row comments here, one
idea that may be worth considering in any legislation that might
help solve all of those issues is to create a bank, if you will, or a
pool of offsets, an offset reserve much like the old soil bank or the
original farm commodity programs of some time ago, where the
idea is to really put large amounts of offsets, whether domestic or
international in a reserve, so they would be delivered, they would
be realized, the trees would stop being cut down in as many of the
rainforest countries as possible, while the quality and verification
issues are being worked out. And that pool, instead of being sold
to compliance customers like us, people who want to buy offsets to
turn in instead of allowances, would be held in reserve and dumped
into the market or injected into the market through, say, an auc-
tion in response to allowance prices getting too high. And as all of
you know, one of the big concerns about S. 2191 is some of the
model runs that show $77 or $200 allowance prices, well, having
a reserve like this not of allowances but of actual real offsets whose
reductions have already taken place could be a way to, A, guar-
antee environmental quality without borrowing from the future; B,
assure that prices are stable; and, C, solve some of these very real
problems while providing ample places for domestic and inter-
national offsets to go and to get paid for.

So that is a concept that could be worth considering as well.

Senator STABENOW. Right. Thank you very much.

Senator Crapo.

Senator CRAPO. Thank you very much, Madam Chairman. Actu-
ally, I think you and I were working off the same list. You asked
a lot of my questions. But, I still have a lot more.

First, Mr. Wittman, I would like to ask you, if you know—I don’t
know how thoroughly you have studied the specific text of Senate
bill 2191. T want to get to the baseline question, though. The base-
line in S. 2191 is defined as the ”greenhouse gas flux or carbon
stock that would have occurred in the absence of an offset allow-
ance.“ Now, the question I have is for a farmer like yourself, who
is already engaging in a practice that is reducing emissions, such
as direct seeding, would you be eligible for an allowance or an off-
set under that language.

Mr. WITTMAN. The issue is what is the baseline from which we
are trying to reduce overall emissions. If we are using 1990 as the
starting point and say, okay, by some future point in the future,
we are going to reduce from 1990, then everything that people have
done since 1990 should be given recognition.
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The reality is that the concerns about additionality and measure-
ment are going to make it very difficult for me to go back and mar-
ket the carbon that I have sequestered since 1990. If I have no-
tilled my farm every year, I am probably sequestering between 0.5
and 0.75 tons of carbon per year. The problem with not recognizing
that is that you create perverse incentives for someone, to be eligi-
ble to cash in on carbon market opportunity. You create the wrong
incentives to literally plow up soils, and restart the clock so that
you can become a good person. That is the last thing we want to
create in our policy structure.

So our view on this is that we need to look at the continuation
of a practice like no-till. Even though you have done it for years,
every year you still have incremental sequestration. There is addi-
tional good every year that is being added to the pot. It is not done.
We have all kinds of scientific projections that have said there will
be some point in the future where we will reach saturation and we
will no longer sequester more carbon, and if that is the case, then
I should not be eligible to collect an offset because I am not seques-
tering incremental carbon.

So it is both the issue of incremental sequestration as well as
avoided emissions. The minute I turn around and till soil, I start
emitting. I send CO2 up into the atmosphere. So we need to create
a policy that encourages not only adoption by new people of a prac-
ticedthat works, but avoidance of practices that are going back-
wards.

Senator CRAPO. Thank you. And I know, Ms. Wayburn, you had
mentioned additionality as an issue, as well as Mr. Broekhoff, and
probably all of you. But anybody else want to get in on this issue
right now, Ms. Wayburn.

Ms. WAYBURN. Well, Senator Crapo, one of the approaches—the
approach that we suggested and that has been adopted in Cali-
fornia is something called "regulatory additionality.“ And what this
does is establish a level playing field for everybody. You work from
what are existing laws in your State or, in the absence of law, best
management practices in your State that are recognized. And
whatever you do above what you are required to do by law and that
you commit to keeping there qualifies as additional. And that does
several things.

No. 1, it recognizes early actors, people who have been doing an
excellent job, and says thank you for doing that we will reward
you, and other people will then follow. We recognize that the law
sets a baseline of common behavior. And so that concept of
additionality can happen in this country because we do have a reg-
ulatory baseline or a best management practices baseline which is
widely identified.

Senator CRAPO. Thank you.

Mr. Broekhoff.

Mr. BROEKHOFF. Yes, this issue of additionality is probably the
most vexing aspect of a carbon offset program and how you ap-
proach it. To speak about it conceptually, the idea is essentially
you want total emissions under an emissions cap-and-trade system
to be the same whether you have an offset program or whether you
don’t. When you issue an offset credit, that allows emissions from
capped sources to go up. So in order to keep net emissions the
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same, you have to give credits to reductions that would not have
happened if you didn’t have a carbon offset program. And if you are
giving credits for reductions that occur from activities that someone
was going to do anyway, they had been doing for years, it made
sense anyway, in effect you are undermining the integrity of your
emissions cap.

Now, I realize that creates all kinds of difficulties and problems,
so I think there are some practical ways to approach additionality.
Regulatory additionality may be one component of that. Probably
in some cases for some types of projects, you need to go beyond just
the regulatory piece of it. But it does become difficult to give credit,
even though that may seem unfair, for activities that have been
going on for years and would likely continue into the future with-
out an offset program.

Senator CRAPO. Thank you.

Anybody else.

Mr. LuBowsKI. Thanks. The point about rewarding people that
are already doing the right thing is important in the sense that we
definitely don’t want to create perverse incentives for people that
have been doing the right thing now to not do it in order to then
be able to get credits. So it is very important to address this, and
there are different ways it could be done, including potentially
through, you know, using the allowances that have been reserved
for the agriculture and forest sector, and there are other options as
well. So this is an important issue to deal with.

In terms of additionality, there are very detailed guidelines al-
ready developed to deal with incalculate baselines for individual
projects, you know, depending on the type of project and type of ac-
tivity. In addition to this project level work, we think it is very im-
portant to do very good monitoring and accounting of the overall
sector, to get an idea overall nationally what we are getting, and
then be able to use this data to then go back and improve the
project level standards and protocols.

In terms of the tropical deforestation, there what we have been
advocating is for the largest emitting tropical countries, there is no
indication that deforestation is decreasing. If anything, the recent
experience shows that it is going up.

So we have been advocating using historic data on deforestation
rates over, you know, a historic period and then crediting national
level reductions below these historic rates as our definition of “addi-
tional,“ and especially if you look at it at the national scale, you
know, you don’t have this within-country leakage issue. There still
is, of course, what Mr. Broekhoff alluded to in terms of potential
leakage internationally. So, you know, the solution to this is get-
ting at least the biggest emitting countries on board, you know,
and creating a process to try to encourage as many other countries
to join into the program.

Thank you.

Senator CRAPO. Thank you.

Mr. Wittman, again, do you and the organizations that you have
been working with support the allowance of international forest
carbon credits to be utilized in the United States?

Mr. WITTMAN. Do we?

Senator CRAPO. Yes.
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Mr. WITTMAN. I think our organizations generally would support
a combination of domestic and international. As a massive user of
energy and fully aware of the implications to fertilizer costs and
energy costs, it is important to us and the consumers that buy our
products to not have economic shocks that we can’t stand. So as
long as international projects are verifiable—and I will recognize
the Clean Development Mechanisms that exist—there are those
that say if you are going to rely on international projects and they
meet those standards, those are tougher than many of the things
that we have existing in the U.S. today.

So I don’t think we should be so concerned about the quality of
international offsets if they are only allowing those to qualify that
meet those clean development mechanism standards today.

Senator CRAPO. I know an argument has been made that inter-
national offsets would be less expensive than domestic offsets. Is
that generally agreed? I see yeses and noes, so maybe I ought to
ask the question. The question that I am getting at is that—I guess
there are several issues here to weave together. One is if we allow
international offsets, should they be capped? If they are allowed
and if they are capped, again, should the domestic offsets be
capped similarly, or should domestic offsets be treated differently?
In the context of this question, what kind of an impact on the mar-
ket price allowance would international offsets would cause.

I know that is a very complex question, but would any of the wit-
nesses care to comment on the issue in general and how we should
approach it?

Mr. WiTTMAN. I would like to just add to what I said on that.
There is a real concern that if we just allow people in the U.S. to
go the cheapest place in the world elsewhere and buy low-cost
projects, that we will not really affect the emissions reductions that
we are trying to achieve. It won’t be painful enough.

If we have an unlimited cap on domestic offsets, I think we are
protecting the opportunities for economic investment in the U.S.
first. And maybe to be conservative, we should have some cap on
international. But I don’t think we should stop with the inter-
national as long as we make sure that the standards those projects
have to meet are as rigorous as anything we would do in the U.S.

Senator CRAPO. Anybody else want to comment on that, Mr.
Corneli.

Mr. CorNELL I think that these are very tricky issues, and the
insights that are out there, many of them come from modeling ex-
ercises that make their own assumptions about the costs of domes-
tic and international offsets.

So with the proviso that my view is somewhat informed by these
models and that they may be wrong, I will go ahead and say it
looks like the domestic offsets get more expensive more quickly
than the international ones, and that that means that if you were
to rely on domestic offsets to moderate prices—and I think this is
consistent with what Mr. Wittman just said—you would see higher
prices for allowances, and they could be so high that they could—
the allowance prices themselves could have these effects of causing
people to use a lot of natural gas instead of coal in power produc-
tion, driving up the price of natural gas for consumers and fer-
tilizer manufacturers.
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So to avoid that problem, it would probably be useful to allow a
fair number of international offsets, especially the ones that are
likely to be lower cost, such as the avoided deforestation ones, and
understanding that those may be more expensive in terms of all
the risks and transaction costs that we really don’t know about yet.

So what that suggests is that if there was a limit on domestic
offsets, it might not be hit. If there was a limit on international off-
sets, it might be hit. The domestic one might not be hit because
the market price would not be high enough to turn on all of the
domestic ones that are available.

Senator CRAPO. I understand.

Yes, Ms. Wayburn.

Ms. WAYBURN. I think that we just do not know at this juncture
which is going to be more or less expensive, and I think one key
reason for that is that, in our experience doing these projects, we
have what we would call an all-in approach. Starting from the be-
ginning, we have paid for the long-term security, we have paid for
the monitoring, we have all of those costs built in from the begin-
ning; whereas, in many of the CDM projects and the international
projects, the initial costs are there, but not the long-term costs.
And the question of how much transaction cost that will add over
time is at this point unknown.

What I would say is that in our experience in selling these offsets
in a pre-compliance market—so this is where people are counting
on these to meet their requirements under law—our prices are be-
tween those of the Chicago Exchange and those in Europe. And
they are equal or less than those we are seeing on CDM.

Senator CRAPO. Thank you.

Mr. Lubowski, quickly, if you——

Mr. LuBowsKI. Yes, quickly. I will just say that it is important
to note that the version of S. 2191 that came out of Committee also
has a provision for a Carbon Market Efficiency Board that would
have various powers, including the power to adjust limits on off-
sets, if appropriate. And some people argue that there should be no
offsets; some people argue there should be unlimited offsets. I think
the key thing to keep in mind is that we should have a system of
checks and balances where you have very good data and are able
to assess, you know, the quality of the offsets over time and have
flexibility to, based on this real information and good data, deter-
mine which offsets should be let in, how many should be let in, and
be able to have flexibility to do this as the data comes online.
And—I will leave it at that. Thank you.

Senator CRAPO. Thank you.

Madam Chairman, I do have one more question, if I could ask
it.

Senator STABENOW. Yes, you may.

Senator CRAPO. I cannot resist asking this question since this is
the Forestry Committee. It deals with forest fires, and the question
is, how do you contemplate that we weave in the issue of healthy
forests in terms of the context of forest fires into this whole debate?
And let me just say a few things, and I would love to hear statistics
or information that any of you have, or ideas here. But as I under-
stand it, the record forest fires and rangeland fires that we saw
last year caused immense emissions, in fact, my understanding is
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the emissions caused by these fires far exceed that of any other
sources of emissions, or at least the transportation sources of emis-
sions that we have in this country. So it is a huge emissions source,
yet there is also a great debate going on as to whether or not we
should let fires burn or not in terms of the proper management
practices in our forests. So once again, the way we deal with it in
the context of global warming raises, to me, a phenomenal set of
difficult issues.

I know that is a huge question, but it has got to be one that peo-
ple have struggled with as we deal with this in the context of for-
ests.

Ms. Wayburn, do you want to start out there, or Mr. Wittman.

Mr. WITTMAN. Go ahead.

Ms. WAYBURN. Well, I think that is an excellent question, and it
is one that gets more pointed as we look at what climate change
is predicted to do to forests. And I would like to suggest there are
several ways to approach it.

No. 1, the primary incidence of fire is on our public lands, not
our private lands. And what I was suggesting in my remarks is
that we focus the market and offsets on private lands, not public
lands. I think we want to establish a goal for public lands that
looks at managing these forests for their greatest adaptation and
resilience in climate change because of the increased stress that cli-
mate change brings.

Now, that may, in fact, mean much more management on these
lands than what we have been experiencing in order to reduce
those fuel loads, in fact. And so for that long-term environmental
gain in re-injecting, if you will, resilience into these forests, we
would have increased management to do that.

On private lands, where the incidence of fire is so much smaller,
I think what you are looking at is what is your insurance system.
How do you have—it is really a contractual issue, but if I have sold
you 100 tons of carbon emissions reductions, I have got to guar-
antee those against all sorts of natural risks. And so in our buy-
sell agreement, we need to have a provision for that, and I can tell
you that buyers have very, very strong provisions around that.

So there 1s a buffer system there that is required. Whether it is
individually or whether it is pooled, whether it is Government-
backed, there is a buffer system.

So I think the question of fire can, in fact, be dealt with, and it
needs to be dealt with over the long term, and it particularly needs
to be addressed to our public lands to restore resilience and adap-
tation to these lands.

Senator CRAPO. Thank you. My time has far expired, but, Mr.
Wittman, if you could be very quick.

Mr. WITTMAN. You hit a hot button with me because we manage
forests, private forests, and we are right next to publicly managed
forests. We plant almost 9,000 trees every year. We selectively log
our forests. And when we get done, we have a fully stocked forest.

The role that many of us have here is not only managing carbon,
but we are trying to educate others on this whole issue. One of the
challenges we have had is getting people to see: “what products we
have to sell in a carbon portfolio market?” Just last week, we were
engaged in this debate with some foresters. They are interested in
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getting into carbon trading. Their questions are: “What do we have
to sell?” And I said, “You have three different kinds of products:
you have reduced-emission products, you have avoided-emission
products, and you have offsets through sequestration.” They said,
“Well, what does that mean?” Here is what this means.

A reduced-emissions project would be going to a chipping oper-
ation and chipping slash piles and sending it to a power plant in-
stead of lighting a match and sending that carbon into the atmos-
phere. Now we are producing renewable energy from limbs instead
of sending this smoke up in the air and doing no good at all. That
is reduced emissions.

Avoided emissions is being able to go out and selectively log a
forest so that when you do have a fire, it burns limited residue on
the ground, but it does not totally destroy the forest, and it does
not burn up 8 inches of organic matter and turn your ground ster-
ile.

So once they put language to carbon concepts they can under-
stand at the layman level, they start thinking of all the things we
can do, and I think that is a message that we probably have not
talked about enough today. We underestimate the potential of our
American entrepreneur to create solutions.

If I am allowed to be a prophet for about 30 seconds, I will say
that the cost of this whole climate change legislation will never be
as bad as what we think it will be. American ingenuity will create
solutions that we never imagined. Once we educate people on the
opportunities and how they can participate and we scare them with
the threats of how bad the costs can be, I think we will see solu-
tions coming out of the woodwork that we never would have imag-
ined.

Senator CRAPO. Thank you.

Senator STABENOW. Thank you very much.

Senator Klobuchar.

Senator KLOBUCHAR. Well, thank you much, Madam Chair, and
thank you to all the witnesses. A lot of the questions have been
asked, but I will forge ahead.

You know, I am on the EPW Committee and an original cospon-
sor of the Lieberman-Warner bill, and I feel strongly that we
should not wait a year to act. I was in Greenland last summer and
saw the water melting off these humongous icebergs. They call it
the ”canary in the coal mine of climate change.“ And you have laid
out some of the arguments that we have heard, Mr. Wittman,
against the bill, and we know there are always changes that we
can make to make it better.

But what I was most interested in was, Mr. Corneli, not just be-
cause you have a Minnesota connection, but your testimony and
where you freely said that your company produces 7,000 megawatts
of electricity from coal-fired power plants in addition to the natural
gas and oil and nuclear plants that you operate and that you are
the seventh largest emitter of CO2.

Are people surprised when you go out and speak, are they sur-
prised to hear you advocating for climate change legislation?

Mr. CorNELI. Not so much anymore.

[Laughter.]
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Mr. CorNELLI. We look at this, as many in the utility or power
industry do, as fundamentally a problem of technology. When it is
free to put carbon in the air, people will do it. You know, why
would you not do something that does not cost anything when you
are making a business decision and your competitors are all mak-
ing business decisions? So we have not really had any powerful in-
centive as an industry or as a company to find something else to
do that either will not emit the carbon or that will capture it and
keep it from going into the atmosphere.

Like Mr. Wittman, we think that when there is a price signal,
and also when there are also other complementary policies that
will help support the kind of technology development we need, that
people will very quickly—engineers at GE, another member of
USCAP, General Electric, by the way; at Siemens, another member
of USCAP, the companies that make this stuff, the companies that
build this stuff, and the companies that buy it and use it—will all
very, very quickly figure out how to take the carbon out of things
like the power sector and how to keep using coal in a way that
keeps the carbon out of the atmosphere.

And so we think that that is sort of like we are part of the solu-
tion—I mean, we are part of the problem. We have to be part of
the solution. Policies have to change the technology. And I think
the same thing applies to the offset business. We have to get a
clear signal to use the forest sinks, the soil sinks, the avoided
greenhouse gas emissions that cannot easily be regulated, get peo-
ple innovating about those, and the answers will come out of the
woodwork, and we will be surprised at how quickly and effectively
we can get there.

Senator KLOBUCHAR. One of the things I have been noticing, you
say our country developed the wind technology, but now we have
been leapfrogged by two or three other countries in terms of them
getting there first in terms of the number of turbines and what
they are doing. Could you talk a little bit more—I know you talked
earlier about the urgency of this and the lost investment and kind
of the delay that, in fact, what I am starting to believe is because
the people of this country and the entrepreneurs know we are
going to do something, they are actually holding back until we do
something. Is there some validity to that?

Mr. CoORNELL I believe there is. It is very hard to sink a lot of
money—a new power plant costs several billions of dollars. A new
auto production line probably costs something like that. Engineer-
ing a new electric battery so that low-carbon or no-carbon power
plants could provide electricity with zero carbon to cars, to con-
sumers’ cars, so they would not have to buy $4 gasoline—those
things cost a lot of money, and people will hesitate to spend that
kind of money until they know they can get it back in terms of sell-
ing goods and services. And so there really is this sort of leashed-
up demand here.

I think what we are—you know, there is a lot of fear—China is
the usual sort of suspect—about we are exporting jobs to China if
we regulate CO2. There is another

Senator KLOBUCHAR. And how do you respond to that?

Mr. CorNELL. Well, part of that is that we have to lead in fig-
uring out how to do this so cheap that they want to buy it. But
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there is another big risk, which is there are people, there are many
companies in China figuring out how to make low-carbon tech-
nologies that they can sell here. And there is a global race in terms
of decarbonizing, inventing, innovation, and America is the greatest
economy in the world, the greatest source of innovation and cre-
ative thinking in the world. As soon as we get a market system
that will turn that on for solving carbon stuff, we will win that
race. But if we wait too long and other countries get ahead of us
in the race to low-carbon technologies

Senator KLOBUCHAR. Thank you.

Does anyone else want to respond to the China argument that
we often hear, Mr. Wittman.

Mr. WITTMAN. I have a concern, and this is fed to me constantly
by my children, who are much better educated than I am, that we
spend too much time blaming China and India for being part of the
problem when, in fact, we need to look at our consumptive patterns
in the U.S. and consider the fact that India and China simply want
to grow the right to build their eating habits and standard of living
like we have. We are the model. And if everybody in this room
went through the process of doing a carbon footprint and we start
studying the impact that we have on global resources, I don’t think
there is a single person in here who would not change some behav-
ior tomorrow. But the first step in changing or correcting a problem
is understanding or creating an awareness of how you are person-
ally part of that problem, whether you are an individual or whether
you are a business. We are not going to change China’s and India’s
demand for resources. They don’t use a fraction of what we use yet,
and while their growth is increasing, the level per person is no-
where close to the United States.

So I agree with the concept that we go back to becoming world
leaders in crafting solutions, making it so successful that they will
want to copy us like they have copied everything else, and they will
follow us in making environmental change.

Senator KLOBUCHAR. Thank you.

Mr. Broekhoff.

Mr. BROEKHOFF. Just following up on that and turning that
question a slightly different way, if you look at this question of
international carbon offsets and the Clean Development Mecha-
nism, this is an offset program that clearly we are not participating
in, but it has already created opportunities for U.S. companies in
developing countries. The United States is actually second only to
Japan in terms of being the source of technologies that have been
deployed in these energy-efficient, renewable energy projects in de-
veloping countries, including China, so that, you know, the benefits
and risks can go both ways.

Senator KLOBUCHAR. Thank you. I want to follow up with some-
thing else, Mr. Broekhoff. In your testimony you talked about the
problem with measuring how much additional carbon is stored in
the soil with tree plantings and grass plantings, and you said that
it is difficult to measure whether it is verifiable.

I know there were provisions in the 2002 farm bill and we have
some similar provisions in the 2007 farm bill that require USDA
to study the potential for soil carbon sequestration. Could you tell
me a little bit about the research that you alluded to or the lack
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of research and where the shortcomings are, and what do you see
as the highest research priorities going forward?

Mr. BROEKHOFF. Well, let me try to clarify my argument. I am
not arguing that we do not have the technology or the scientific
knowledge to verify with some accuracy the carbon that is seques-
tered in soils or trees. I think you can employ methods that do that
with a high degree of accuracy. However, it is harder to do than
it is for certain types of other projects that could be used as offsets.
So if you are talking about landfill methane, for example, you cap-
ture methane coming out of the landfill and run it through a flare
or use it to generate electricity, you can measure how much meth-
ane you are capturing with a flow meter with a high degree of ac-
curacy, and at low cost.

Turn to something like soil carbon sequestration, and the meth-
ods you use to try to get to that same level of accuracy entail a lot
more costs, relatively speaking. So it is a relative argument.

And the issue basically boils down to there being more kinds of
overhead costs like that for many of these kinds of agriculture and
forestry projects than for other types of projects.

Senator KLOBUCHAR. Thank you.

Any thoughts on hybrid trees? I visit all 87 counties in my State
every year, and my most memorable visit to Crookston recently
was that the highest tree in Crookston was only like 8 years old
or something. It was a hybrid poplar in the back of Wendell Peter-
son’s yard.

And so, Ms. Wayburn, do you have any thoughts on that and the
development of that and if that is a possibility as we look into, you
know, more trees and more forests and how we could handle these
things in terms of the global warming issue?

Ms. WAYBURN. I think agricultural approaches to forestry make
a lot of sense. But I think at the same time, we want to recognize
the role of managing our natural forests effectively as well, and
that those gains perhaps are more sustainable, and they are cer-
tainly more realizable in the near term.

I had my hand up just to offer an anecdote of how we can posi-
tively affect China through what we have done in California with
forests. Now in Fujian Province in China, they are looking at nat-
ural forest management as a tool in their own carbon emissions re-
ductions as opposed to what they have been looking at before,
which was a very intensive industrial forest management policy,
and looking at the net gains that they were making in climate
through natural forest management and meeting their timber and
product supply needs. So that was a positive leakage example of
developing something here and using it and having it work in
China. So I would support that.

But the notion of can we use hybrids, can we use genetic modi-
fications, can we use fertilizers, all very much more agricultural
approaches in forestry, I think the answer is yes. We just need to
look at the total carbon budget and what the side effects are. Be-
cause if we are going to look at things like crop switching, which
is what I would suggest hybrid poplar might well be, that might
make more sense than, for example, something like cotton.

Senator KLOBUCHAR. OK. Any other thoughts?

[No response.]
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Senator KLOBUCHAR. All right. Well, thank you very much. I ap-
preciate it.

Senator STABENOW. Well, thank you very much to each of our
panelists. I think we have exhausted our time today, but we have
learned a lot, and I appreciate very much your comments as we ex-
plore ways to be able to use offsets in a way that is measurable,
quality, permanent, all of the things that we have talked about
today to really be able to allow us to expand upon the effectiveness
of ﬁ cap-and-trade program. And I appreciate all of the ideas as
well.

I think it is an exciting time for us. There is a lot of work to do.
Coming from a State that is not only a great agricultural and for-
estry State, but we are proud of making automobiles, you may have
heard, and manufacturing. And so there are lots of pieces of this.

And I have to say on a side note that in addition to working on
this issue and on the farm bill, which is very important in terms
of the energy and conservation provisions, we also have a budget
resolution on the floor that we hope to be voting on this evening
or tomorrow that has a green-collar jobs initiative with new dollars
in it for advanced battery technology and conservation and energy
efficiency and other areas that are very important, and tax provi-
sions that we have been trying very hard to get passed, get passed
a filibuster, to be able to incentivize a number of different tech-
nologies that need to be happening.

Coming from that manufacturing State, I have to say, though,
just a note on China and our Asian neighbors, and that is, they are
rushing on technology. When the first Ford Escape hybrid was
placed into the marketplace—and we are very proud of the first hy-
brid SUV—they could not find a battery in the United States. They
had to buy it from Japan.

So the budget resolution that we have that includes an aggres-
sive amount of money, new investment in advanced battery tech-
nology, is critical because China is spending hundreds of millions
of dollars, as is Japan, as is South Korea, and we certainly do not
want to be in a position where we go from dependence on foreign
oil to dependence on foreign technology.

So I think the rush is on, and in addition to all of the issues that
deal with what is happening with our forests and open spaces, the
rush is on for us to act quickly and effectively. And we thank you
very much for your input.

[Whereupon, at 4:25 p.m., the Subcommittee was adjourned.]
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Executive Summary

Carbon offsets can be an effective tool for lowering the costs of compliance in a cap-and-trade
program, and are already being widely used internationally to comply with greenhouse gas
emissions targets. To function well and maintain the integrity of a cap-and-trade system, carbon
offsets must adhere to certain basic eriteria and standards defining how they are quantified and
certified. A number of programs around the world have begun developing such standards, but
these standards would have to be carefully evaluated before being adopted under a 1.5,
regulatory program. Carbon offsets can come from many types of projects that reduce or
sequester emissions. Some types of projects face higher quantification uncertainties than others,
however, necessitating higher transaction costs in certifving the offsets they generate. These
projects include certain types of forestry and agriculture carbon sequestration projects, which are
subject (o greater measurement and baseline uncertainties, reversibility, and leakage compared to
ather projects. It may be preferable in some cases fund these projects using direct payments
rather than an offset market, in order to avoid costs of reducing uncertainties and lower the total
cost of achieving emission reductions.

What are carbon offsets?

A “carbon offset” is a reduction in greenhouse gas (GHG) emissions that is achieved 1o
compensate for, or “offset,” GHG emissions occurring at other sources.' Ina cap-and-trade
system, carbon offsets allow emissions from regulated sources to increase above levels set by the
cap, on the premise that those increases are compensated by reductions achieved at unregulated
sources. Because reducing emissions at unregulated sources is often less costly, carbon offsets
can lower the total cost of achieving an overall net emissions goal.

In &n emissions market, carbon offsets can be traded in the form of certified “credits” or “offset
allowances.” One credit usually denotes a reduction in GHG emissions equivalent to one metric
ton of carbon diexide (COy). The terms “offset credit,” “offset allowance,” and “carbon offset”

' Becaise the effect of greenhouse gases iz global, it does nat matter where they are reduced, Carbon offsets can alsa
invalve the removal of CO; (the primary GHG responsible for climate change) from the atmosphere by activities
that sequester carbon, including tree planting.



37

are often used interchangeably, In most cases, offset credits are issued for reductions achieved by
specific projects, i.e., “offset projects”™. In order to receive credits, the project owners must
demonstrate that they have reduced emissions according to predefined rules and procedures. In
principle, a wide variety of projects can generate carbon offsets, Examples include, but are not
limited to:
«  Capuring methane created by landfills and flaring it or using it to produce energy (thus
displacing fossil fuel combustion); :
s [Installing equipment at chemical factories to capture and destroy industrial GHGE, such
as HFCs or N0,
*  Switching from high carbon-intensity fuels (e.g., coal) to fuels with low or zero net
carbon emissions (e.g., biofuels) for energy production or transportation.
¢ Improving the efficiency of energy production from fossil fuels, e.g., by upgrading
commercial or industrial boilers, or exploiting opportunities to combine the production of
heat and power.
¢ Deploying equipment or appliances that use less energy {e.g., high-efficiency air
conditioners or fluorescent light bulbs) and reduce demand for fossil fuels.
* Planting trees or adopting forestry or land management practices that remove carbon
dioxide from the atmaosphere and sequester it.

Globally, markets for carbon offsets have grown rapidly over the last five years (Figure 1). The
Iargest of these markets was created by the “Clean Development Mechanism™ (CDM)
established under the Kyoto Protocol. Through the CDM, emission reductions in developing
countries can be used to offset emissions in industrialized countries, whose total emissions are
capped by the Kyoto Protocol. The CDM effectively allows industrialized countries to achieve
their emissions targets through a combination of domestic and foreign reductions. The CDM is
also envisioned as a way to help less developed countries grow sustainably through the transfer
and deployment of beneficial technologies and practices, A separate Kyoto Protocol mechanism,
called “Joint Implementation” (J1) recognizes carbon offsets from projects in industrialized
countries.
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Figure 1. Annual Volumes of Carbon Offset Transactions in Millions of Tons of Carbon
Dioxide Equivalent
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A separate global market for carbon offsets has arisen to meet voluntary demand for GHG
emission reductions. The voluntary offset market is driven by companies and individuals seeking
to help avert climate change outside any regulatory obligation to do so.” Although this market is
growing rapidly, it has struggled with a proliferation of different standards and lack of consistent
guidance on what constitutes a credible offset.

What are the basic requirements for carbon offsets?

To have a functioning market for carbon offsets, clear rules and procedures are required defining
their creation and certification. Although these rules and procedures ean differ from program to
program, most of the literature on carbon offsets refers 1o a core set of basic criteria, derived
from criteria established under the 1977 Clean Air Act, Specifically, offsets must be “real,
surplus (or additional), verifiable, permanent, and enforceable” in order to maintain the integrity
of an emissions trading system.” Interpretations of these criteria vary, but their essence can be
summed up as follows: i

! Humilton, K., ef al, 2008, Forging a Frontier; Siale of the Volumtary Carbon Markets 2008, Ecosystem
Marketplace and Mew Carbon Finance. hitp./ arkeiplace com/

" Ibid.; Kollmuss, A, ef al, 2008, Making Sense of the Foluntary Carbon Market: A Comparison of Carban Offret
Standerds. World Wildlife Fund, Germany.

* The concept of air emission offsets originated under the *New Source Review” program established by the United
States Clean Air Act of 1977, Under this program, offsets are required to be “real, creditable, quantifiable,
permanent, and federally enforceable.” These basic criteria have been modified and adopted in general form under a.
variety of other offset programs, including programs for carbon offssts, Current carbon offset progmms (including
for example, the one established by the Regional Greenhouse Gas Initiative in the Mortheastern United States)
generally require that offsets misst be “real, surplus, verifiable, permanent, and enforceable” or some close variation
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Real

An offset credit must represent an aciual net emission reduction, and should not be an artifact of
incomplete or inaccurale emissions asccounting. In practice, this means methods for quantifying
emission reductions should be conservative to avoid overstating a project’s cffects. It also means
that the effects of a project on GHG emissions must be comprehensively accounted for.” Some
projects may reduce GHG emissions at one source, for example, only 16 cause emissions Lo
increase at other sources, A frequently cited example would be a forest protection project that
simply shifts logging activities to other forest land, causing little net decrease in carbon
emissions. Unintended increases in GHG emissions caused by a project are often referred to as
“leakage.” For carbon offsets to be real, they must be quantified in ways that account for
leakage.

Addisional

Only emission reductions that are a response to the incentives created a carbon offset market
should be certified as offsets. Reductions that would occur regardless of an offset market (e.g.,
those that result from “business as usual” practices) should not be counted. The rationale for this
is straightforward, The basic premise of carbon offsets is that they maintain net GHG emissions
at a level set by a trading system’s cap. Total emissions should be the same with or without an
offset program. Since offset credits allow regulated sources in a cap-and-trade system to increase
their emissions, offset reductions must be “additional™ in order to maintain net emission levels.
Crediting reductions that would happen anyway will result in higher total emissions than a cap-
and-trade program without offsets.

Although this general concept (called “additionality™) is straightforward, it is vexingly difficult
to put into practice. Determining which projects (and therefore which reductions) would not have
occurred in the absence of an offset market is frequently challenging and always subjective.
Within existing carbon offset programs, there are hm basic approaches to determining
“additionality”: project-specific and standardized

Project-specific approaches seck to assess, by weighing certain kinds of evidence, whether a
project in fact differs from an imagined baseline scenario where there is no carbon offset market,
Generally, a project and its possible alternatives are subjected to a comparative analysis of their
implementation barriers and/or expected benefits (¢.g., financial returns). If an option other than
the project itself is identified as the most likely alternative for the baseline scenario, the project is
considered additional, The Kyoto Protocol’s CDM requires project-specific additionality tests.

thereol. See, for example, Liepa, 1., 2002, Greenhowse Gaz Offsets: An Introduction to Core Elements of an Oifeet
Rule. Climate Change Central, Alberta, Canada
* For a full elsboration of quantificstion and accounting principles for offset projects, see World Resources Institste
and World Business Council for Sustainable Development, 2005, The Greenbouse Gas Protocol for Project
. Washington, D.C. / Geneva, Chapler 4, Awllbt:u hittpcfiwoww, ghgpmiocol.org.
* International Emissions Trading Association, 2007, £ g Global Emissions Trading: Prospects for
MCWM W&m‘lrmg Pmpuad'by Wnﬂdnemm Institute, Washington, DC.
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Standardized approaches evaluate projects against objective criteria designed to exclude non-
additional projects and include additional ones. For example, a standardized test may count as
“additional” any project that:

¢ ls not mandated by law
Is not a “least-cost™ option (objectively defined)
Is not common practice (objectively defined)
Involves a particular type of technology
Is of a certain size
I3 initiated after a certain date
Has an emission rate lower than most others in its class (e.g., relative to a performance
standard)
Several U5 -based carbon offset programs (including the California Climate Action Registry,
the Chicago Climate Exchange, and the Regional Greenhouse Gas Initiative) have adopted
standardized additionality tests. It is also possible to combine project-specific and standardized
approaches,

Verifiable

Carbon offsets should result from prajects whose performance and effects can be readily
monitored and verified, Verification is necessary to demonstrate that emission reductions have
actually oceurred and can therefore be used to offset emission increases at regulated sources,
Verification helps ensure that offset reductions are “real” and not overestimated. Because of the
importance of maintaining net emissions levels within a trading system, projects whose effects
are difficult to verify — or whose effects cannot be measured with reasonable precision — may not
be suitable for generating carbon offsets.

Permanent

Since emission increases are effectively permanent (e.g., fossil fisel emissions cannot be put back
in the ground), offsetting emission reductions should be permanent as well. Permanence is only
an issue where the effects of a project can be reversed, such as forestry projects where carbon
stored in trees or s0ils can be released to the atmosphere due to fires, harvesting, or other
disturbances. In these cases, a mechanism is required to make reversible reductionsremovals
functionally equivalent to permanent reductions for the purpose of issuing offset credits. There
are at least three possible ways to do this:

1. [lssuing credits on a discounted basis, For cxamplc. only one credit is issued for every
two tons of CO; sequestered in trees or soils,” Although this approach has been proposed
in the literature,® it has not been put into practice within existing offset programs.

2. Issuing temporary or expiring credits. Credits for reversible reductions can be made to
expire at a predefined date, or conceled if verification indicates that a reversal has
occurred. In both cases, the holder of the credits would have to procure other credits or
allowances in order to remain in compliance with the cap-and-trade system. This
approach has been adopted by the CDM for reforestation and afforestation projects.

" There are different ways to calculate the discount. Under most proposals, a discount would be given based on haw
1url3ﬂlhu|1lll:pmdmhjqu:ﬂlndummm“mgemudmnmmm;umpm&,gﬂ;Il:ll:lynn.},.

Fur:numl:,mr Fearnside, P.M., 2002, “Why a 100-year time horizon should be used for global warming
mitigation calculations.” Mitgation and Adaptation Strategies for Global Change T(1): 19-30,
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1. Establishing an insurance or buffer system. Buyers or sellers of reversible reductions
could be required to buy “insurance” in some form to compensate for reversals, or
establish carbon sequestration buffers that serve the same function. There are many ways
these mechanisms can be structured, and they may be combined with requirements for
landowners to commit to maintaining carbon stocks over the long term (e.g., through
easements). The ULS. Regional Greenhouse Gas Initintive has adopted this approach for
reforestation projects.

It is wiorth noting that all of these mechanisms have the effect of either increasing costs for
project developers or reducing the amount of compensation they receive per ton of emissions
reduced or removed from the atmosphere.

Ej

Carbon offsets should be backed by regulations and tracking systems that define their creation
and ownership, and provide for transparency. Clear definitions of ownership are essential for
enforceability. For example, both the manufacturer and the installer of energy efficient light
bulbs might want to claim the emission reductions caused by the light bulbs — as might the
owners of the power plants where the reductions actually oceur. Regulatory rules must establish
who has claim to emission reductions, who is ultimately responsible for ensuring project
performance, who is responsible for project verification, and who is liable in the case of
reversals,

How can these requirements be realized?

To create a functioning market for carbon offsets, the criteria outlined above must be elaborated
in set of standards and those standards administered by a regulatory body responsible for
certifying and issuing offset credits. Standards are required to create a carbon offset

“commodity” that is as uniform as possible, i.e., one offset credit equal to one ton of CO2-
equivalent emission reductions regardless of where it is suurocd Three related sets of standards
are necessary to fully define a carbon offset commodity:”

I. Procedural and technical standards. These are standards related to |hr. validation,
monitoring, and verification of offset projects, as well as the certification and crediting of
GHG reductions. Procedural and technical standards ensure that offsets are veriffable.

2. Contractual standards, These are standards for the establishment and transfer of
property rights related to carbon offsets, for information diselosure, and for the
assignment of liability. They can include terms for payment and delivery, allocation of
risk, and compensation where emission reductions are reversed or not realized,

* In addition to establishing these standards, many carbon offeet programa will impose eligibility eriteria for offset
projects intended 10 ensure that they are compatible with goals beyond simply reducing GHG emissions. Eligibility
eriteria may exclisde certain types of projects based on secondary environmental or social concems (e.g., nuclear
wasle, or community displacement caused by hydro reservoins), or they may ensure that projects contribate to
additional social, economic, and environmental objectives (e.g., “sustainable development™). While these criteria are
ancillary to defining a carbon offset with respect to climate change impacts, they nevertheless help to define the
“eommadity™ within a particular program and may be particularly imporant in the context of linking to other trading
systems.
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Contractual standards are necessary to avoid double-counting of reductions and double-
issuance of credits, and ensure that offsets are enforceable.

3. Accounting standards. These are standards related 1o the actual quantification of carbon
offsets. Accounting standards specify methods for defining quantification boundaries,
estimating baseline emissions, and correcting for unintended changes in emissions (i.e.,
“leakage™). Accounting standards also cover methods for demonstrating “additionality.”
Finally, they may specify methods for treating reversible GHG reductions on an equal
footing with permanent reductions, Accounting standards are a first-order requirement for
enzuring that “a ton is a ton” and ensure that offsets are real, surplus, and permanent,

Are there existing standards for carbon offsets?

Yes, in fact there are quite a number, The challenge is deciding which ones might be sufficiently

stringent and credible for a U5, regulatory offset program, Current offset programs (both
mandatory and voluntary) are probably most diverse in terms of accounting standards,

Internationally, an extensive amount of work has been done to clarify the basic requirements of
carbon offset accounting. Two salient examples of this work are the Greenhouse Gas Profocol
JSor Profect Accounting (“Praject Protocol™), developed by the World Resources Institute (WRI)
end World Business Council for Sustainable Development (WBCSD), and the SO 14064 (Part
2) standard developed by the Intemational Organization for Standardization — both of which
provide a general framework for quantifying emission reductions from offset pmjer.ls.m Tao
specify a truly standardized commodity for carbon offsets, however, requires elaborating these
general requirements into “methodologies™ ar protocols aimed at specific types of projects. Such
protocoels streamline the quantification process, taking into account data requirements and
analysis relevant to a particular project type.

WRI'WBCSD Frofect Protocel includes two sector-specific supl:llcm. aimed at grid-
connected electricity projects and land-use and forestry projects.’™ 2 Even these puidance
documents, however, are too broadly specified to guarantee a true standard for carbon offsets.
The task of developing standardized protocols has fallen 1o 2 number of individual programs that
verify and certifly offsets, The largest of these is the CDM. Table 1 summarizes the types of
publicly available protocols and methodologies developed by the CDM and other programs
around the world.

Table 1. Offset Protocols and Methodologies Developed Under Existing Programs

Program Description B Types of Protocols

The Clean Development The CDM is the largest offset Well over 100 methodokogies

Mechanism (CDM) program established under the Kyolo | covering renswable encrgy,
Prooeol, and is currently the largest | encrgy efficiency, fuel

" WRI and WHCSD, 2005, The Greenhouse Gas Provocel for Profect Accounting, Washington, D.C. / Geneva; and
150 14064, Intematianal Organization for Standardization, Geneva, Switzerfand, 2006,

" Greenhalgh, 5., F. Daviet, and E. Weninges, 2006, The Land Use, Land-Ulse Change, and Forextry Guidmer for
GHG Profect Accounting. World Resources Instinne, Washington, D.C.

¥ Brockhoff, D., 2007, Guidelines for Quartifying GHG Reductions Fom Grid-Connected Electricity Prajects,
Waorld Resources Institute and World Business Council for Sustainable Development, Washingion, DUC. [ Geneva.
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The California Climate CCAR is & non-profit, voluntary #  Forestry conservation
Action Registry (CCAR) registry for GHG emissions +  Conservation-based forest
originally formed by the State of management
hitpiveww climateregistr orgl | | Califomia, It is developing aseries of | o Reforestation
offsets himl carbon offset protocols under its «  Mamme
Climate Action Reserve program. | o Landiill methane
The Chicago Climate The CCX is a U.S-based voluntary | »  Agricubtural methane
Exchange (CCX) emissions trading system for GHGs. (manure management)
Participants take legally binding e Agricalteral soil carbon
hitp:fwww chicagoclimateexch | commitments to reduce their »  Energy efficiency and fuel
ange.com/ emissions and can do so through the switching
purchase of carbon offsets centified | o Forestry carbon
under CCX protocols, s  Landfill methane
=  Renewable energy
#  Coal mine methane
*  Rangeland soil carbon
s  Ozone depleting substance
destruction
The New South Wales Thie GGAS is one of the first *  Low-emission electricity
Greenhouse Gas Abatement mandatory GHG trading systems and generation
Scheme (GGAS) bases compliance on credits issued +  End-use encrgy cificiency
for o vasiety of project types. +  Forestry sequestration
hitpoiwww greenbossegas.naw, s GHG reductions at
vadefilt industrial facilities
The Alberta Offset System The Alberta Offset System in Canada | Sixteen protocols completed,
was established to facilitate including:

*  Livestock methane
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nesapolicvandresulation’ahOl | legislation requiring large industrial emissions
sl Svptem. him] facilities 1o reduce their GHG = Soil carbon sequestration
emissions. A variety of offset s Methane reductions from
protocols have been adopted under organic waste
the program. «  Biofuels
= Enhanced oil recovery
*  Waste-heal recovery
»  Energy elficiency
s Afforestation
# Others

A thorough evaluation would be reguired to decide whether the protocols developed under these
programs are suitable for a national LS. regulatory offsets program. One of the challenges in
designing offset protocols is that they require balancing tradeofTs. Protocols that are too stringent
{e.g., with respect to additionality) may end up excluding good offset projects and raising overall
compliance costs. Lenient protocols may allow too many reductions to be credited and therefore
undermine the integrity of an emissions cap. ldeally, protocols should be developed and adopted
according to how well they achieve desired policy outcomes for an emissions trading system,
including objectives for environmental integrity, transaction costs, and administrative costs.”
Protocols developed under other programs may or may not fit the bill for a U.S. national GHG
trading system.

What types of projects should be included in a carbon offset program?

Only emission reductions at sources not covered by an emissions cap can truly qualify as offsets.
While it may be desirable to encournge reductions at covered sources, “crediting™ such
reductions must be done through some form of allowance allocation rather than the creation of
offset credits."* Only projects that affect sources (or sinks) of GHG emissions not covered by the
cap should be included in an offset program. Under Senate Bill 2191 as currently drafted, for
example, the following types of projects might be included in a domestic offset program:
Agricultural and rangeland management

Manure and livestock management

Forest, agricultural, and rangeland land-use change

Forest management practices .

Fossil fuel (oil, gas, and coal) production, processing, and delivery™

Landfill gas and waste management

- & & & % @

U See, for example, Trexler, M., D. Broekholf, and L, Kosloff, 2006, A Statistically-Driven Approach to Offses-
Based GHG Additionality Determinations: What Can We Leam?” in Sustainable Development Law & Policy,
Volume V1, Issue 2, Winter 2006; and WRI and WBCSD, 2005, The Greenhouse Gas Protocol for Project
Accounting, Washington, D.C, / Geneva, Chapter 3.

™ Under cap-and-trade, reductions at covered sources (even if they are covered “upstream” from the actal point of
emissions, e.g., at fossil fuel processing or distribution Facilities) will simply fres up allowances that can be used to
cmit more at & later time. Total emissions will not change and no “offset” will occur, Issuing offset credits for such
reductions would therefore result in double-counting and cawse total emisaions to rise.

" For projects involving emissions not covered by the emissions cap, e.g., coalmine methane emissions, vented
emissions in oil and gas operations, fugitive emissions from natural gas transmission and distribution, etc.
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In addition, it makes sense to exclede any projects that are likelv to have adverse social,
economic, or environmental effects. This is probably best accomplished through general
eligibility criteria applied to projects, rather than the exclusion of project types.

Beyond these considerations, there is in theory no reason to limit the types of projects allowed in
an offset program as long as they can meet the basic criteria outlined above {i.e., real, additional,
verifiable, permanent, and enforceable). However, some types of projects will face greater risks
and uncertaintics relative to these criteria than others. The question becomes whether it makes
sense to exclude some types of offsets on the basis of higher uncerainties and associated costs.

Are there differences in the credibility of offsets from different project
types?

The “credibility” of a carbon offset largely depends on the level of confidence one has in its
quantification, addittonality, verification, permanence, and ownership. Broadly speaking, the
risks and uncertainties for carbon ofTsets fall into four categories:

I. Measurement umcertainiy. Accurately quantifying emission reductions requires being
able to-eccurately monitor and verify the performance of a project and its effect{s) on
emissions or sequestration. Accurate measurement is easier for some types of projects
than others.

2. Baseline wncerfainty. Accurately quantifying emission reductions also requires
reasonable certainty about a project’s baseline emissions and its addiliannlil}-.“ Baseline
uncertainty will be higher for projects that have numerous possible alternatives, and for
projects that provide significant compensation or revenue aside from their emission
reductions.

3. Leakage potential. Accurately quantifying emission reductions requires accounting for
any unintended increases in emissions caused by a project. Leakage can add significant
uncertainty to a project because it often difficult to monitor and quantify. Some types of
projects are more prone to leakape than others,

4. Reversibility risk. The potential for reversal of a project’s emission reductions creates
uncertainty about its value as an offset. Reversibility is only a concem for projects whose
emissions benefits result from sequestration.

In general, many types of forestry and agriculture carbon sequestration projects will face higher
quantification uncertainty, because they are subject to greater relative measurement unceriainties,
baseline uncertainties, reversibility, and leakage. Table 2 illustrates how some different types of
offset project compare against these categories of unceriainty, based on qualitative analysis and &
preliminary survey of carbon offset quantification literature. Further studies are needed to

** A project’s baseline and additionality are intimately related. Because the goal is to maintain net cmissions at
capped levels, the baseline for a project should in theory represent the emissions that would occur at the sources it
affects in the absence of a carbon offset market. If the project is not additional, bascline and project emissions will
be identical,
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develop a full quantitative comparison for different project types, but there are generally clear
differences between projects that avoid GHG emissions and those that sequester carbon.

& Captured methane can be measured sccumtely with low meters, whose uncerininty range is typically much less

than 1%."

b: There aro fow olher reasons for undertaking this kind of project (e.g.. unless required by regulation), so there is

little umceriainty lb-cnl rlli-cll’l.luulﬁty Lardfill methane projects have a relatively high likelihood of generating

"mll'{lﬂuhlﬂu

energy.”

reductions ¢

¢ Boiler fued consumption can be casily tracked and accurately measured.

d: In ome study of bodler projects involvimg district heating, uncertainty was estimated ot +~ 45% for baseline CO,

emizsions.

& Measurement uncertainties for soil carbon have been estimated st up to 100%, but may be as low as 6% (single
standard deviathon). ™ The uncemainty range depends greatly on the spatial scals considered ™!

d 1y ather project types, even whene captared gas s used 1o supply

f: There may be multiple reasons for undentaking activities that sequester carbon, such as no-tillage practices, In
some areas po-tillage is common practice.
&2 Depends on how tillage practices affect crop yiclds and whether there are associnsted shifts in crop production

on other lands.

h: Mwhhmdﬂbm:mﬂ;:ﬁmmduhhuﬂmhsﬂjmmmndmmhmhmwwu
an methods, spatial scales, and forest

i: Forestry and and use basclines can be very difficult to predict. Uncertainty ranges for bascline carbon may be
wcllwiﬁmmm
It Lﬂh'p:l'uumrdtdd:hﬂumnpmjmmmu:undsmunlywuhlﬂlum , depending on the

rEgioa,

" Far example, ses hitp:/is.nis x
" Suter, C., and I.C, P-wm m? "Docnﬂe r::m:clm Dcvdmnt Mechanism (CDM) Deliver Its

Sustninable Development Claim? An Analysis of Oificially Registered CDM Projects.” Climaric Charge §4: 7350,
" Joint Implementation Metwork, ef al,, 2003, Procedwres for

Accounting and Baselines of N and CDM Projects

(PROBASE): Final Report, ﬂnEmpunﬂuumhhn. Fifth Famework Programme, p. 33. Available at:
gt jigueh oreiprobase/. Baseline uncortainty can be high because ihere may be multiple alternatives for a
biler wpgrade, there is uncertainty about baseline operating conditions, and there may be other reasons for
undertaking these projects (2.8, an old boiler may have been due for replacement amyway ).
l"Iﬂil'rl '\«!I_.HIL'!"‘ M&mﬂm Mgrmmcmn;mﬁ

" Kerr, s,qu 2004, nmmmumm L':-mrmbuj.- wuu- Wmmgcmm

Mitigaiion Policies, Motu Working Paper 04-03,
* Ibid.; weHucmwumsfwammm Costa Rica range up to 54% rwmnghmmmi

d:\lu‘mﬁ

W

Table 2. llustrative Project Types and Tiﬁr Associated Uncertainties

Project Type Measurement [ Leakage Reversibility |

Uncertainty Unumintr Potential Risk

Landfill methane Low* Low® Mone Mo
flaring <1% <1%
Boiler efficiency Low® Medium/High” Low Mo |
improvement 45%
Soil carbon Medium to High® Medium' Low/Medium?® Yes
sequestration 6% 1o =100%
Avoided Medium to High" High' High' Yes
deforestation =50% Up to 90%
Meodes:
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Can the risks and uncertainties for some project types be addressed?

In most cases, ves. There is no reason in principle why projects with relatively high
quantification uncertainty cannot yicld credible offsets. The only challenge is that methods to
compensate for the uncertainty will tend to raise costs. For example:

* Compensating for measurement uncertainties may require more costly measurement and
verification practices, or the use of conservative estimates or discounts for quantified
reductions. Both methods will increase the cost per ton of creditable emission
reductions.

* Compensating for baseline uncertainties may require more rigorous analysis and
additionality tests (raising costs for project developers and/or program administrators),
or similar application of conservative estimates that err on the side of under-counting
emission reductions.

* Compensating for Ieakafe generally requires the incorporation of project elements
designed to mitigate it,” or the application of conservative methods to estimate its
impact, both of which may increase costs relative to other types of projects.

* Compensating for reversibility requires the adoption of one of the methods already
described in this testimony {above), which will tend to either increase costs or reduce
COMPENZation 1o project Owners.

The bottom line is project types with higher levels of quantification risk and uncertainty are
likely to incur significantly higher costs for every ton of CO; they reduce in order to have their
reductions certified as offsets. Unfortunately, no studies have yet tried to quantify the likely size
of this cost differential under a strict regulatory program.”® The added costs may have important
consequences for how these types of projects fare in a broader market for GHG reductions.
Furthermore, it may take time to develop protocols for some types of projects in ways that
effectively mitigate uncertainty. This could lead to delays in how soon those projects can enter
the market. Finally, even where the added costs amount to less than a dollar per ton of COy, this
could mean many millions of dollars of added investment burden across the entire market for
carbon offsets.

* Murray, B.C., MeCarl, B.A, Lee, H_, 2004, “Estimating Leakage from Forest Carbon Sequestration Programs.”
Land Econ. 80(1), 109-124,

® See, for example, WRI and WBCSD, 2005, The Greenhouse Gar Protocol for Praject Accouniing. Washington,
D.C. / Geneva, Chapler 5. '

* The most extensive stady of “transaction costs™ for carbon offset projects indicates that existing forestry offset
projects (almost exchusively serving the voluntary market), have faced higher monioring and verification costs than
ather projects, and may face higher costs under a regulatory program to address permanence and leakage concerns.
Total transaction costs for forestry projects have ranged from one to 19 percent of total project costs, and have
amounited to arcand 50,30 to $0.70 per ton of CO;. The stody notes that “insurance costs™ to compensate for
reversibility could significantly increxse costs for forestry projects. See Antorin, C. and ), Sathaye, 2007, Assessing
Transaction Casts of Profect-hased Greenkouse (Gas Emissions Trading. Lawrence Berkeley National Laboratory,
LBNL-5T315.
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Are there alternatives?

[t may be worth asking whether some types of GHG emission reductions are best achicved
through carbon offset markets or through other policy mechanisms., If the added costs associated
with reducing uncertainties for sequestration projects could be avoided, for example, then greater
reductions could in principle be achieved for the same total expenditure of resources.

One way to do this would be to fund these and other projects with high quantification
uncertainties through a separate program of direct payments, or allowance set-asides.” Unlike
offsets, reductions achieved through direct payments would not be have 1o be used to
compensate for increased emissions from capped sources, and therefore would not have 1o be
subject to the same levels of scrutiny in terms of measurement, additionality, leakage, and
reversibility. While it may still be desirable to fund reductions that are “real, additional,
verifinble, permanent, and enforceable,” the application of these criteria would not have to be as
stringent. For example:

s Measurement of the effects of funded activities would be primarily for information
purposcs, and would not have to meet the same degree of accuracy needed to ensure that
quantified reductions are truly offsetting emissions on a ton-for-ton basis. Avoiding and
mitigating leakage from funded activities would be desirable, but the extent of leakage
would not have to be rigorously quantified.

= While it may be desirable to fund “additional” activities, demonstrating additionality on a.
project-by-project basis would not be necessary. Avoiding the need to develop and apply
complicated additionality tests could reduce costs significantly.™

*  Verification of funded activities would still be necessary, but conld be limited to a simple
confirmation that activities are being undertaken rather than checking their performance
in ways that are necessary for precise quantification.

* Long-term carbon storage for sequestration projects would be desirable and could be
encouraged, but designing complicated insurance mechanisms to put carbon sequestration
on equal footing with permanent emission reductions would not be necessary,

* Enforcement of a direct payment program would consist of ensuring that project owners
follow through on their commitments, and would not require tracking systems or legal
rules for establishing ownership of emission reductions.

Whether or not a direct payment system would make sense as an alternative greatly depends on
how various other elements of a cap-and-trade system and offset program are designed. Total
demand for reductions {(determined by cap levels), the types offset projects allowed, and limits
on the use of offsets will all play a role in determining price levels and whether “high transaction
cost” projects can succeed in the market. The stringency required of offset protocols (based on

** For further discussion of this approach, sce Hayes, T, 2008, Getting Credis for Going Green: Making Sense of
Carbon "(ffrets™ ina Carbon-Constrained Werld, Center for American Progress, Washington, DC,

 Rebate programs for energy efficient appliances, for example, operate under the assumption that some rebate
recipients would buy high-efficiency appliances even without n rebate. Because screening cut these “free riders™
would be costly and difficalt, it is generally not attempled. Instead, rebates are given without restriction, and the
funding of some “non-additional™ purchases is tolerated as a cost of running the program. Because the purchases are
not being used to offset energy consumption elsewhere, it does not matter that buyers are not screened for
additionality,
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palicy objectives, as described above) will also play a role. Further study is needed 1o determine
which types of projects might best be encouraged through an offset program and which might be
better achieved through direct payments. In the meantime, it makes sense to design policies that

keep both options open for a variety of project opportunities in “uncapped” sectors.
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Chair Stabenow and members of the sub-committee, good afterncon and thank you for
the opportunity to testify today regarding offsets. Along with emission reduction targels
and allocations, offsets will be critical i determining the both economic impacts and
environmental effectiveness of climate change legislation. Agriculture and forestry both
contribute large amounts of greenhouse gas emissions that will be difficult to regulate
under a cap and trade system, and thus are important potential sources of emission
reductions in the form of offsets.

Offfsets are a critical issue for our company, as well. We own and operate some 23,000
megawatts of power plants, from the Northeast, through Lowisiana, Texas and [linois, to
California. 7000 megawatts of those power plants are coal-fired, with the rest being gas,
oil or nuclear. We emitted 61 million metric tons of CO2Z in the US last year, which
makes us the 7™ largest emitter of CO2 in the US power sector. We are aggressively
working to reduce our carbon emissions by developing new low- and no-carbon power
plants, including nuclear, wind, and both post-combustion and gasification-based carbon
capture and sequestration. But such voluntary efforts are not enough. Like the other
members of USCAP, we believe a mandatory US cap and trade system is needed as soon
as possible to provide a market signal for rapid investment in low carbon technology.

There are two reasons we are so interested in offsets. First, under any cap and trade
system, we expect to be a major buyer of allowances and of offsets, to the extent they can
be used for compliance. For example, under the Lieberman — Warner bill, we would get
allocated enough allowances for only about 46% of our emissions in the first year, This
would require us to buy the rest - about 33 million allowances in just the first year. If we
can buy offsets for less than allowances, we will buy as many as the law allows. That's
in our own interest.

But even more important, the basic laws of supply and demand mean that the use of
ample amounts of high-quality offsets in the cap and trade program should moderate the
allowance price for everyone, not only us. This will help protect consumers and the
economy as a whole -- while belping limit climate change.

Offsets have tremendous potential to create a more effective climate change policy at a
lower cost to the US economy, but only if offset policy is set up right. Here are 5 eritical
steps that we think are needed to get it right:

1. We nced climate change legislation now. Right now, most carbon — related
investment in the US, whether in power plants or in offsets, is “frozen in the headlights™
because of uncertainty about what the rules will be. We need clear and stable rules that
are friendly to both the clhimate and to business so that the next wave of low carbon
investment — including investment in offsets — can begin. This important for our global
competitiveness as well as the environment. A world-wide race to perfect low carbon
technologies is already underway. The US can win that race, but only if it starts now.

1. Reasonable opportunities for using offsets for compliance. EPA and other
modeling exercises make it clear that relaxing limits on the use of offsets in legislation,



52

such as Licherman-Warmner, can significantly moderate allowance prices. For example,
the EPA suggests that adding just 15% international offsets in 5. 2191 would lower
allowance prices by 37%. This suggests that it is more important to ensure that any limits
are generous enough to produce reasonable prices than it is to provide for the completely
unlimited use of offsets,

3. Only high quality offseis should qualify for compliance purposes. High quality
offsets provide real reductions in greenhouse gas emissions. This is important for the
environment, for sellers and for buyers. We typically will ask sellers to provide a
contractual guarantee that project-based offsets meet environmental quality and other
regulatory requirements. All sides of the carbon market will benefit from clear rules that
keep low-quality “junk offsets” from ever even entering the market,

4. The rules must allow both domestic and international offsets, Modeling work
sugpests there simply may not be enough domestic offsets available to effectively buffer
the cost of allowances, especially in the early vears of the program. We need
international offsets, too. Some intermational offsets have a bad reputation, but others are
extremely promising, especially those related to key GHG-producing sectors like tropical
deforestation. Such offset have tremendous potential to not only save the rainforests, but
to also staunch one of the largest global sources of greenhouse gases emissions,

5. We need a mix of project-based offsets and sector-based offsets. Project based
offsets — such as reducing methane emissions from livestock operations -- can be of high
quality, as well as beneficial to the host industries and local economies. These are the
sort of products we anticipate buying from private companies if the price is right. Sector-
based offsets include the very exciting idea of “forest carbon tons™ that would be created
by stopping the wave of large-scale deforestation currently taking place in Brazil,
Indonesia and other major forest areas. These sector-based offsets will hikely  have
governments on one or even both sides of the transaction, rather than just private
companies. This suggests the possibility of using such offsets to create a federal offset
reserve pool that could ensure moderate allowance prices -- in effect, an environmentally
preferable alternative to the “safety valve™ concept.

To conclude, offsets will be a critically important way to bufter the costs of achieving
aggressive reductions in GHG emissions. We need climate change legislation to pass
Congress and be signed into law by the President quickly to remove the uncertainty that
hinders our investment in offsets and other low and no-carbon technologies. That
legislation needs to send a clear signal that ample amounts of high quality domestic and
international offsets will be welcome in the US cap and trade system, and it needs to
induce both the private sector and governments to guickly create a large number of
project- and sector-based offsets for companies like ours to buy when the US cap and
tracde system begins,

Thank you for your attention, and [ will be happy to answer any questions you may have,
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Even as we move to control greenhouse gases from the major sources in our economy, it
is important that we tap the full range of sources available o us — even if those sources fall
outside an emisgions cap. While the largest part of our emissions reductions will come from
fossil-fuel-based industries, farms, ranches, and forests can make a hugely important contribution
to our national goals as we transition 1o a low-carbon economy. They can do so through new
economic activities that offset industrial emissions of greenhouse pases.

“Offsets™ are emissions reductions from activities in a sector that is “uncapped” (not
covered by a limit on total emissions). Offsets provide an important means for quickly and cost-
effectively mitigating global greenhouse gas emissions, which result primarily from combustion
of fossil fuels. With the right incentives, farms and forests can offer an immediate, readily
available opportunity to reduce emissions domestically and intemationally, and they have the
potential to substantially shrink companies” costs of complying with a cap-and-trade program
without compromising the integrity of a firm emissions cap. A judicious offsets policy can
broadly engage farmers, ranchers, and foresters, as well as key major-emitting developing
countries, in providing solutions and sharing in the economic opportunities of the transition to a
low-carbon economy. Well-designed offscts activitics can also provide substantial
environmental benefits that are felt well beyond our atmosphere,

This testimony highlights three key points:

Owr vast rural land base is one of our great national assets. Though use of climate-
friendly farming and forestry practices, farmers, ranchers, and foresters can reduce emissions of
the heat-trapping gases that cause elimate change (for example, by capturing methane generated
by dairy farms) or actually remove greenhouse gases from the atmosphere (for example, by
growing carbon-capturing forests on lands currently used for other purposes). Whether in
agriculture, forestry, or rangeland management, our rural economics possess tremendous
potential for growth in a new industry of climate solutions.
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By providing financial rewards for new uses of America’s vast rural lands, a carefully-
designed offset program can generate new economic opportunities — and new jobs.  The vast
majority of these jobs will need to be done by workers in the U.S. Building and servicing a
methane capture facility on a North Carolina hog farm, for example, cannot be outsourced o
workers in another country.

An offset program will also provide major new opporiunities for American
entreprencurship. Because there will be money to be made by finding new and better ways to
sequester carbon, and to reduce carbon emissions from uncapped sectors, a well-designed offset
program will stimulate technical research and business innovation in America’s rural economies.

The potential impact of carbon-friendly changes in land-use practices extends far beyond
our borders. Globally, the destruction of forests — principally in the tropics - emits massive
amounts of carbon dioxide; approximately 20% of global greenhouse gas emissions, or roughly
as much each year as all the COy emitted by all the fossil energy consumed in the United States.
When forest carbon emissions are included, the third and fourth largest eminers of GHGs fn the
world are Indonesia and Brazil, respectively. We have an opportunity both to engage these
major-emitting developing nations and to reap the benefits of these low-cost, high-value
emissions reductions through recognition of tropical forest protection activities in our own
offsets policy.

It is critical that we seize these opportunities not only because of the climate imperative,
but also because of the tremendous impact agriculture and forestry offsets can have on
controlling the costs of a transition 1o a low-carbon economy. Offsets broaden the set of
available options for complying with the requirements of climate policy by allowing companies
greater fexibility to make GHG reductions wherever they are cheapest across the economic and
physical landscape. Agricultural offsets are among the lowest-cost of all the land-use options,
and several analyses have shown these offsets to be the “low-hanging fruit.” Economic analyses
have confirmed the cost-mitigating value of agriculture and forestry offsets. Based on a 2005
EPA analyzis of the GHG mitigation potential of domestic forestry and agriculiere, about 1,500
million metric tons of CO; equivalent could be available from agricultural and forest offsets at
prices of under $50 per ton. More recently, the EPA’s analysis of 8. 2191 concluded that the use
of domestic offsets has an enormous potential for reducing the costs of an effective cap-and-trade
program,

Because the EPA analyses do not examine the impact of incentives for trepical forest
protections, Environmental Defense Fund has conducted a simple madeling exercise to explore
the cost control potential of an intemational forest carbon ton provision in federal cap-and-trade
legislation. Owur results, summarized in this testimony, conclude that allowing international
forest carbon credits into the U5, market could provide important cost-containment benefits for
the United States,

A m uali urances built in (0 a cap-and-trade ram will substantial
mitigate concerns over o uality,
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An offset program can provide real reductions in greenhouse gas emissions only if the
offsets are of high quality. Development of a rigorous system of quality assurances is thus
critical 1o ensuring the value of agricultural and forestry offsets to both the rural economies that
produce them and the industrics that purchase them.

In this testimony, we present a two-part framework of options to meet the need for
quality assurances in an offset program at both the scale of individual projects and the level of
the overall program. We outline the potential to improve national and regional accounting so
that it can be used periodically to compare expecred performance from a sector's offsets to actual
changes in greenhouse gases measured in the national inventory for that sector. We also describe
o potentizl “true-up™ process for the forestry sector that could allow use of improved information
on changes in land-use practices to assess and adjust, if necessary, the parameters of our offset

tropical deforestation,

A focus on quality allows the U.S. to go global in the search-for high-quality GHG
mitigation opportunities. While 5. 2191 currently allows for some use of provisions for
international credits, it provides no role for reductions in tropical deforestation as a category of
compliance credits.  Tropical deforestation today contributes as much in greenhouse gas
emissions as all uses of fossil fuels in the ULS. By structuring the U.S. carbon market to
compensate developing countries for emission reductions that lower their nariomal rate of
deforestation below a historical baseling, Congress can strengthen those nations’ climate and
biodiversity protection efforts and create a model for engaging developing countries broadly.
Inclusion of tropical forest eredits will also reduce substantially the overall cost of a ULS. cap-
and-trade program.

Emissions reductions from tropical forests are nof offsets from unregulated sectors in
foreign countries that do not have & program to reduce national-level emissions — in our
testimony, we discuss at some length the reasons for keeping that sort of offset credit (e.g., Clean
Development or “CDM™ credits) out of our domestic emissions trading system.  Rather,
emissions reductions from key tropical forest nations would come from national-level programs
to reduce emissions on a major scale. For many developing countries, deforestation is the largest
source of their emissions; because of this, a policy to reduce tropical deforestation emissions at
the national level is comparable to a cap on the majority of their emissions.

EDF supports the provisions in the current version of the Lieberman-Wamer bill that
allocate 2.5% of total emissions allowances to international forest carbon activities, But we also
believe that the current provision that allows regulated entities to satisfy 15% of their compliance
obligations with credits from interational trading systems should be expanded to explicitly
include credits for international forest carbon activities, In an attached appendix, we provide a
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detailed example of how crediting of such activities could work as part of the U.S. carbon
market.

Conclusion

EDF appreciates the oppertunity to discuss the important benefits of a well-designed
policy for tapping the potential for climate solutions in our rural economies. We believe that
Judicious use of domestic offsets and international forest carbon credits can serve a crucial role
in curbing greenhouse gas emissions and reducing the costs of a cap and trade program - with
the additional benefits of valuable ecosystem preservation, job creation, and engaging
developing countries in a global climate solution.

Successfully addressing the escalating threat of climate change will require ambitious
international action that takes advantage of all credible options for reducing emissions —
including the substantial opportunitics offered by agriculture and forestry at home and abroad.
With the right rules and standards, farms and forests can help achieve that goal.
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of the Committes on Agriculture, Nutrition & Forestry, United States Senate
328A Russell Senate Office Building
May 21, 2008

Introduction

Thank you, Chairman Stabenow, Ranking Member Crapo, and distinguished members of
the Subcommittee, for holding this hearing and for your invitation to provide the views of
Environmentel Defense Fund (EDF)' on “Agriculture and Forestry's Role in Providing Solutions
for Climate Change: Incentives for Jobs and Cost Containment.” EDF is a vocal advocate for
market-based solutions to quickly reduce greenhouse gas (GHG) emissions from all sectors of
the economy.

My name is Ruben Lubowski, and [ am the Forest Carbon Economics Fellow at
Environmental Defense Fund. For five vears, | served as an economist at the Resource and Rural
Economics Division at the U.S. Department of Agriculture’s Economic Research Service
(USDA-ERS). In this capacity, | was the agency’s Subject Specialist on Land Use and my
responsibilities included managing the Major Land Uses database, which provides the only
consistent accounting of all major uses of public and private land in the United States. In my
academic career, | developed a model of national land use, which has served to estimate the costs
of sequestering carbon. Previously, | have analyzed issues of tropical forest management at the
Waorld Bank, the Harvard Institute for International Development and the United Nations
Development Program.

Even as we move to control greenhouse gases from the major sources in our economy, it
is imporiant that we tap the full range of sources available to us — even if those sources fall
outside an emissions cap. While the largest part of our emissions reductions will come from
fossil-fuel-based industries, farms, ranches, and forests can make a hugely important contribution
to our national goals as we transition to a low-carbon economy. They can do so through new
economic activities that offzet industrial emissions of greenhouse gases.

“Ofsets™ — as emissions reductions from uncapped sectors are commonly called — are an
important mechanism for quickly and cost-effectively reducing global greenhouse gas emissions,

'Environmental Defense Furd is a leading national nonprofit crganization representing moee than 500,000 members.,
Since 196, we have linked science, cconomics and Law 10 creats innovative, equitable and cost-effective solutions to
sockety”s most urgent emvironmental problems. We have long championed market-based approaches, and helped

design the highly successful acid-rain program created in the Clean Air Act Amendments of 1990, See “About Us,”

W A7 73,
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which result primarily from combustion of fossil fuels. The benefits of offsets cannot be
overlooked: they offer an immediate, readily-available opportunity 1o reduce emissions
domestically and internationally, and they have the potential to substantially shrink compliance
costs of a cap-and-trade program without compromising the integrity of a strict emissions cap.

At the same time, judicious use of domestic offsets and international forest carbon
credits, primarily those resulting from reduced deforestation emissions, can provide a range of
other valuable benefits, both for the environment and for indigenous and other forest-dependent
peoples. A well-designed offsets policy can broadly engage farmers, ranchers, and foresters, as
well as key developing countries, in providing solutions and sharing in the economic
apportunities of the transition to a low-carbon economy.

Effective standards and accounting will be crucial to ensure the quality of offsets and
safeguard emissions reduction goals. And, as | will describe below, Congress could consider a
periodic program-wide “true-up™ for the forestry sector — an insurance policy that offset
commitments will be fulfilled — as a further assurance that emissions reduction targets are met,

This testimony will highlight three key points:

1. Agriculture and forestry—at home and abroad—have great potential to provide cost-
effective climate solutions that deliver substantial additional environmental benefits.

2. Quality assurances built in to & cap-and-trade program will substantially mitigate
concerns over offset quality.

i. Policy makers have a time-limited opportunity to engage developing nations and reap
enormous greenhouse gas and other environmental benefits through mechanisms to
prevent further tropical deforestation.

A word on terminology

In this testimany, | use the word “offsets” to refer 1o emissions reductions earned in an
“uncapped” sector (a sector, such as forestry or agriculture, which is not covered by a limit on
total emissions). More specifically, an “offset” credit is a credit awarded by a governmental
autherity for reducing emissions below “business as usual” in that sector. We distinguish offsets
from emissions reductions achieved in a capped sector, whether at home or abroad. By contrast,
the EPA analysis of the Licberman-Wamer Climate Security Act (5. 2I91=} uses the word
“offset” for both reductions in uncapped 1.5, emissions or reductions in capped foreign
emissions, There are many reasons to distinguish between reductions in capped and uncapped
sectors, as we explain further below.

Offsets are important to the environment

Offsets generated through climate-friendly farming and forestry practices have multiple
benefits, including benefits to ecosystems as well as the climate. They may either reduce

*References in this testimony to 5. 2191 are to the version reported out by the Envirenment and Public Works
Commities in Decernber 2007,
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emissions of the greenhouse gases (primarily carbon dioxide, as well as methane, nitrous oxide,
and others) that cause climate change, or actually remove such gases from the atmosphere
(because plants take up carbon from the atmosphere as they grow and store or “sequester” this
carbon in biomass and soils). In agriculture, farmers are adopting a wide variety of innovative
practices that enhance uptake and reduce emissions of carbon dioxide or other greenhouse gases.
Mationwide, farmers are adopting innovative cultivation techniques such as no-till and ridge-till
planting, growing trees along stream banks, precision application of fertilizer, choosing cover
crops carefully, and embracing many other agricultural practices that help fight global warming.
Livestock and dairy producers are also changing animal feed rations to reduce methang
emissions from animals and capping manure lagoons to capture methane and flare it or — better
still — use in place of fossil fuels. In 2006 the National Wheat Growers became the first
commadity group to publicly endorse market-based climate action, noting that, . .if the climate
change issue is to be credibly addressed, it is important that policy makers recognize the real
contribution that farmers are now making — and can make on this issue in the future,” The
concept of “'growing carbon™ has truly arrived, and farmers are getting organized; for further
evidence, look no farther than hitp:/www.agearbonmarkets.com/, the website for the
Agricultural Climate Working Group, ;

In the domestic forestry sector, opportunities to increase carbon sequestration include
afforestation (planting trees on lands previously used for other purposes, such as agriculture),
reforestation (planting trees on recently forested lands, such as after a fire), and avoided
deforestation (for example, for urban development). In addition, changes in timber management
practices that increase carbon sequestration include changes in fertilization practices, improved
fire and pest management, modified harvesting practices to reduce carbon losses, and
lengthening of the growing interval between timber harvests (the rotation age) to extend carbon
accumulation and delay releases.

Cur nation's grazing lands also offer a host of opportunities o increase carbon stocks
through innovative management, including improved grazing practices and rangeland
restoration. All of these activities on our eroplands, forests, and rangelands, which collectively
comprise the vast majority our national land base, offer the potential o reduce GHG emissions or
to remove carbon from the atmosphere, while also furthering important ather environmental
ohjectives such as protection of wildlife habitat, water quality, soil conservation, and open space.

The focus on forestry and rangelands can go beyond private lands, as well. Close to 40
percent of our 115, land base is in some form of public ownership; 42 percent of U5, forestland
is in public ownership, and 33 percent of our grasslands are, as well." In addition to private
seclor activities, the U8, Forest Service and other federal lands managers can and should also be
encouraged to manage lands in ways that are responsive to the challenge of climate change by
ensuring that our National Forests contribute to efforts to stabilize atmospheric greenhouses and
are managed in ways that make them more resilient to climate change.

! Lubowski, Ruben, Marlow Vesterby, Shawn Bucholtz, Alba Bacz, and Michae] Roberts, 2006, Major Uises Land
in the United States 2002, Economic Information Bulletin (ETB-14). U5, Department of Agriculture, Economic
Research Service.
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Judicious use of carbon offsets provides the potential to address aspects of our carbon
footprint that are impractical or impossible to capture through a nationwide cap.  The EPA
estimates that §. 2191 would cover about 88% of national emissions, Of the remaining 12%,
emissions from agricultural sources account for about half (around 6% of total emissions).
Emissions from landfills end petroleum and naturd] gas process losses are the most significant
non-agricultural sources of the final 6%,

Domestic agricultural and forest lands provide an opportunity not only to reduce their
own emissions but to augment the other side of the carbon ledger—our “carbon sink.” In this
country, the net effect of all forestry activities plus agricultural and other land uses (and changes
in these uses) is to annually remove around 0.91 billion tons of CO; uq‘ui'.*alenl.," which is 12.5%
of the nation's total annual emissions. There is great potential to further increase the size of this
sink — and to ensure that it does not decline in the future. In fact, a report by the Congressional
Budget Office (CBO) indicates that the ULS. could, in theory, roughly double this annual carbon-
capturing effect through enhanced agricultural and forestry saqumﬁun."

By driving changes in [and use and land management practices, markets for offsets can
create substantial public benefits in addition to climate change mitigation. Creating maore forests
and managing agricultural land to conserve soils and reduce fertilizer inputs would reduce the
amount of non-point source pollution entering our waterways — one of the most difficult sources
to control with regulation. Research suggests that the “co-benefits” associated with incentives
for carbon sequéestration would include increased wildlife habitat, better soil erosion protection,
and improved water quality in streams and rivers. A domestic market for offsets would increase
the incentives for conservation and sustainable management praclices, as long as appropriate
safeguards were in place. Federal and state conservation programs already provide mechanisms
for delivering these services, but incentives for offsets could complement and possibly leverage
the impact of these initiatives. These programs are crucial toals in our country’s investment in
preserving endangered species, reducing the chemical loading that contributes to the Gulf of
Mexico “dead one,” retaining the vital productivity of our nation’s soils, and maintaining the
health of ecosystems we depend upon.

While well-managed agricultural lands and forests sequester large amounts of carbon,
loss and degradation of forests, grasslands, and soil carbon in eroplands releases that carbon back
into the atmosphere, Globally, the destruction of forests — principally in the tropics — emits
massive amounts of carbon dioxide: approximately 20% of global greenhouse gas emissions, or
roughly as much cach year as all the OOz emitted by fossil energy consumption in the United
Stafes,

'U 5 Enwmnmnl Prmnm A;g,mql 008, J'mmuyqr’l‘.-’ 5 Greenhouwse Gar Emizsions and Sinks: 1990- 2004
of ep imatex ions'y bryrey tml. While carbon dioxide (COZ) is the most
r:ummn br,u nmg:u muﬂuﬂn gmhul:m-mppmg pmpq-uuquyq potency. For example,
methane is about 25 times as powerfl as CO2, while nitrous oxide (M20) is about 298 times as powerful. C02-
:qumll:n'.a essentially allow comversion into a single metric for easier comparison.
¥ The Congressional Budget Office. 2007, The Potential for Carbon Sequestration i the United States. Pub, Mo,
2051, CBO The Congress of the United States,
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Engaging developing countries in cutting their total GHG emissions is essential if the
world is to curb climate change. The United States is the world's largest current and historical
GHG emitter. Fast-growing developing countries, however, will soon emit more than we do — in
fact, in terms of energy sector emissions, there are indications that China may already do 20"
Global warming cannot be solved unless both the U5, and large developing countries cut total
GHG emissions.” As Figure | shows, deforestation is the largest source of emissions for many
developing countries. In these nations, economic incentives drive the clearing and cutting of
living forests and, thereafter, sale of the trees or of products grown on cleared lands (such as
soybeans, sugar cane, palm oil, and cattle). When forest carbon emissions are included, the third
and fourth largest emitters of GHGs in the world are Indonesia and Brazil, respectively. For
these countries, the largest share of emissions is deforestation, an amount comparable to total US
fossil fuel emissions.

“CHS Repart for Congress, Ching-1 5 Relations: Current Iivues and Implications for U 8. Policy, p. 25 (December
2,

2007),

*Even if emissions from deveboped regions . . . could be reduced to zer in 2050, the rest of the world would still
need to cut mmmhy 40% from BAU [business as usual] to stabilize at 550 ppm CO2e. For 450 ppm CO2e, this

rises to almost B0%." Smﬂbdmlu ﬁ:&qu“ﬂhmcw T?nSmenr(DﬂnhuMﬁ}.pm
537, A\'-.H_I.Ib.IEIL hiip: X - ¢ I
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Figura 1. Emissions of top 30 emitters, (Million tons of carbon in 2000)
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Offsets are a key cost containment tool

EDF has long advocated use of offsets in a cap-and-trade system as a cost-effective
means for regulated companies to meet their compliance obligations. We believe that the more
affordable we can make reductions, the more ambitious we can be in establishing a truly
protective climate goal. Offsets broaden the set of available options for complying with the
requirements of climate policy by allowing companies greater flexibility to make GHG
reductions wherever they are cheapest across the economic and physical landscape. With
appropriate rules to ensure the integrity of the reductions, offsets can dramatically lower the
costs of complying with any emissions reduction target.

The potential to “bank™ allowances and/or offset credits for use in future periods further
increases the cost-containment and risk management benefits of offsets, Together with the
flexibility of banking, the availability of low-cost offsets not only reduces compliance costs in
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the current year, but also increases opportunities for companies to build up reserves of cheaper
compliance options that provide a form of insurance, buffering against higher allowance prices
or more volatile allowance prices during future periods.

5. 2191 allows companies to meet up to 15 percent of their compliance obligation
through domestic offsets, including those from agricultural and forestry carbon sequestration. 5.
2191 also allows companies to meet up to an additional 15 percent of their compliance
obligations through allowances from comparably capped trading svstems in other countries
{“international credits” in the terminology of the bill). In addition, 5. 2191 allows banking and
limited borrowing of allowances, and proposes the creation of a “Carbon Market Efficiency
Board™- sometimes referred to as the “Carbon Fed” - which is empowered to adjust carbon
miarket parameters, including limits on offsets, in the event of unanticipated, damaging costs,

These are important cost management wools. The EPAs analysis of 5. 2191 considered
ten different scenarios for meeting the bill's greenhouse gas reduction targets — embodying
different assumptions about the future availability and cost of different technologies,
international policy, and the ability of firms to use offsets and intermational credits for
compliance.” The report concludes that the use of offsets can dramatically reduce the cost of the
program. In particular, relative 1o a benchmark policy scenario representing the bill as passed
out of committee, the EPA found that maintaining the bill's 15% linfit on domestic offsets but
eliminating intemational credits increased forecasted prices by an estimated 34% , while
eliminating both domestic offsets and international credits raised projected prices by 93%
overall. This analysis suggests 5.2191 already contains a powerful suite of cost-containment
measures to reduce costs throughout the program, and the bill also provides mechanisms for
allowing more offsets into the system if needed.

EDF's analysis of the potential impact of international forest carbon credits

The menu of compliance options in 5, 2191 could be broadened further to allow
companies to meel compliance obligations using international forest carbon credits — that is,
emissions reductions or sequestration from forestry activities in the developing world, principally
reduced tropical deforestation.  To assess the potential cost-contrel impact of international forest
carbon credits, EDF has conducted a simple modeling exercise. Appendix | provides details on
the methodology and data sources for this study.

Cur modeling approach essentially represents a “best-case scenario” for international
forest carbon credits. The cost curves we use attempt to capture the economic potential for
emissions reductions and sequestration from reduced tropical deforestation, forest management,
and afforestation worldwide, with most of the potential coming from developing countries in the
tropics. These cost curves do not take into account the needs for institutional capacity building,
implementation, transactions costs, and the like. As a result, the results presented here should be

*L1.5, Environmental Protection Agency, Office of Atmospheric Programs, “The EPA Analysis of the Licherman-
Warner Climate Security Act of 2008 — 52191 i 110* Congress.” March 14, 2008, Available at:

hetpo/fwwew epg gov/climatechange/downloads’s2191 EPA Anabvsie pdf
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viewed as a “scoping exercise” 1o convey the potential magnitude of the opportunity from
international forest carbon credits.

Our analysis takes into account the interplay of the supply of emissions reductions
{through abatement and sequestration) and the demand for those reductions (driven by
government policies). The model explicitly allows “banking™ — that is, setting aside offsets for
future years — since international forest carbon tons represent a reservoir of low-cost abatement
solutions that companies could use as a hedge against unexpectedly high future allowance prices.

The main conclusion from this modeling exercise is that allowing international forest
carbon eredits into the U.S. market could have a substantial impact on allowance prices in the
United States.

* Compared to the current version of $.2191, allowing international forest carbon credits into
the ULS. market could, in principle, reduce projected allowance prices by 33%% (although that
impact will decline when various other costs are included).

*  Even if we assume that only half as many tons would be available at any given level of
marginal cost, international forest carbon credits have the potential to reduce projected
allowance prices by 25% (again, not taking into account a variety of transaction and
implementation costs).

*  Finally, even in an analysis with unlimited international forest credits, estimated allowance
prices remain at $16 per ton in 2012, rising at 5% per year. Morcover, in our analysis,
domestic offsets (from agriculture, forestry, and other sources) are still used up 1o the
maximum | 5% limit under 8. 2191,

These results are depicted in Figure 2.
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Figure 1. EDF Analysis of Potential for International Forest Carbon Credits
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In practice, transaction costs and implementation delays would mean that fewer credits
would be available in carly years than indicated in this scoping analysis. Monetheless, the
magnitude of this opportunity suggests that a carefully-designed forest carbon program could
provide calibrated cost containment in the near to medium term.,

In our projections, with or without a regulatory ceiling on how many credits could be
used, the great majority of those credits are banked for use in later years — particularly the years
afier 2035, when developing countries have also taken on mandatory and binding emissions
targets, Such a bank would provide an important cushion against short-run price volatility.
Indeed, the results presented so far suggest that even a relatively limited use of forest carbon
credits could play a significant role in containing costs.

As a result, given the major potential of these forest carbon credits to bath reduce costs
and leverage the power of the market 1o stanch deforestation, along with the other significant
cost-containment opportunities already in 5.2191, any “safety valve” that sacrifices
environmental goals for price certainty would be a terrible mistake.
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A note on the “voluntary™ market for offsets

Our focus here is on how agriculture and forestry can help reduce the costs of climate
legizlation within a cap-and-trade system in which companies have mandatory obligations to
reduce their emissions. However, it is important to acknowledge that a dynamic voluntary
market for “offsets™ has recently emerged to enable companies and individuals to reduce GHG
emissions on a voluntary basis. As a newly emerging voluntary market operating in the absence
of government oversight, there has been a proliferation of different standards and concemns over
the environmental validity of some of the produced credits. At the same time, the voluntary
sphere has seen robust innovation and development of new project types that might be otherwise
be ineligible in a compliance market. This voluntary market could continue to be used asa
means for individuals to invest in personal offsets, in parallel to an offset market that companies
can use for meeting mandatory obligations. (This dual system is what has happened in the UK.,
where commercial emitters are already part of the EU compliance market.) In future vears, the
voluntary “offset” sphere may require either standard-setting or governmental oversight. Those
issues, however, are not the focus of today's testimony.

Agriculture and forestry provide Key cost-controlling options “beyond the smokestack™

Economic analysis shows that rural cconomics have a powerful contribution 1o make
through agriculture and forestry activities that control GHGs. In a 2005 analysis of the GHG
mitigation potential of domestic forestry and agriculture, the EPA concluded that 1,500 million
metric tons of C0; equivalent could be available from agricultural and forest offsets at prices ﬂf
under $50 per ton, with about 20 percent of this total from agriculture and the rest from forestry.”

While the total estimated potential of agriculiural offsets is smaller than the forestry
opportunities, the agricultural opportunities appear to be the lower cost options. In the EPA
analysis, 75%s of the agricultural offsets examined 'I-'l"Clt available for under $15 per ton
compared to just 30% of the forest sector opportenities.’”  In other words, the bulk of
agricultural offsets will likely be “low hanging fruit” that will be purchased first under o market
svstem. The specific numbers in the EPA study depend on the details of their mu-de!mg,. but
independent analyses by McKinsey & Co.," the US. Dcpmnwm of Agriculwre, ' and the
academic literature have reached similar conclusions.'

“This figure exclides biofisels-related mitigation opporunities considered in EPA's analysis, as these are likely 10 be
trested differently than other agriculture and forestry activities. See: ULS. Environmental Protection Ageney.

2005, Greenhouse Gas Mitigation Potential in U8 Forestry and Agriculture. EPA 430-R-06-006.

" As moted easlier, these extimates exclude biofisels-related opportmities considered by EPA, as these will likely be
accounted for differemly than the forestry and agricubtare offsets discassed here.

" Redhecing LS Greerhouse Geas Emissions: Haw Much at What Cost?, conducted by McKinsey & Company and
Mllshodjmhr with mamhmew&m December , 2007 is available at:

2 Lzm&wwﬂl,lm eri P‘mu lejmu Rnhm!-lnuu, Mark Sperow, Marlen Eve, and Keith Paustian,
Economics of Sequestering Carbon in the US dgriculivral Sector. Technical Bulletin Mo, 1909, U5, Department
of Agriculture, Economic Research Service.

""See for instance: McCarl, Bruce A, and Liwe A. Schneider, 2001. “Greenhouse Oas Mitigation in LS.
Agricubture and Forestry,” Science 294, p.2481-2482, See also the review of studies in: The Congressional Budget
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A variety of sources, including the Intergovemmental Panel on Climate Change (IPCC),
indicate that the cost of forest protection in some pants of the world is far less than the cost per
ton of more expensive means of reducing CO; emissions given today’s Ir.nlum]ngms," l‘..‘.‘rpcnmg
America’s carbon market to tropical forest tons could thus significantly reduce U.S. companies”
compliance costs in the near and medium term, and send a powerful economic signal for tropical
forest countries and investors to position themselves to participate in our carbon market. On the
other hand, if the world waits a decade or two before creating powerful incentives for
compensating those who protect tropical forests, the forests — and the approximately 300 billion
tons of carbon they hold — will already be gone. This would be a devastating blow to the goal of
reducing global emissions of greenhouse gases, as well as a tragic loss of biological diversity,

Agriculture and forestry offer a large reservoir of lower-cost emissions reductions
opportunities in the near and medium term, which can be credited and potentially banked for
future use under a cap-and-trade program. These opportunities provide an important bridge
strategy while technology innovations are developing that will drive down the costs of COy
control in the energy sector in the future. Additionally, measures to engage agriculture and
forestry through a market for offscts credits will encourage further innovation and faster
adoption of new agricultural and forestry technologies and methods that are cheaper and more
effective than current practices. Wi recognize that some of the physical carbon stocks
associated with forest and agricultural practices may not be permanent—and, as a result, would
later need to be recouped—but this does not diminish their importance as a source of near-term
opportunities for emissions reductions during the peried of economic and technological
transformation to the low-carbon future. We also acknowledge that some recognition for early
adoption of carbon-friendly land-use practices may be appropriate, not only to reward early
action but also o avoid creating perverse incentives (o change land-use practices in order to
qualify for compliance offset credits,

A well-run offset program for domestic agriculture and forestry will create new
opportunitics and jobs

By providing financial rewards for new uses of America’s vast rural lands, a carefully-
designed offset program will generate new economic opportunities — and new jobs, A project to
capture (and potentially to use as fuel) the methane that is currently emitted by a dairy or hog

Office. 2007, The Patersial for Carbon Sequestration in the United States. Pub. Mo, 2931, CBO The Congress of
the
Undnod States.
" Intergovemmental Panel on Climate Change, Climate Change 2007 Mitigation of Climate Change, Swmmary for
FPolicymakers (4 May 2007), page 21. Available at: hiip:fwww ipoe.ch/SPRM 040507 pdf.
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farm, for example, will require skilled workers to design and build the necessary equipment and
to operate and maintain the equipment once installed. Planting of new forests on land currently
used for other purposes will likewise require trained workers. And the crucially important task
of ensuring the quality of offsets will call on the talents of another set of trained and skilled
workers.

The vast majority of these jobs will need to be done by workers in the U8, Building 2 methane

capture facility on a North Carolina hog farm, for example, cannot be outsourced to workers in
another country.

An offset program will also provide major new opportunities for entrepreneurship.
Because there will be money to be made by finding new and better ways to sequester carbon, and
to reduce carbon emissions from uncapped sectors, a well-designed offset program will stimulate
technical research and business innovation in America’s rural economies.

A focus on quality is essential to ensure environmental and economic benefits from offsets

The emissions reduction performance of offset projects must be carefully measured and
maonitored to ensure the environmental integrity of the cap. In tumn, this environmental integrity
is fundamental to building confidence in the offsets market and protecting the investments of
offsets developers and purchasers.

The main concern with offsets is that they may not generate the expected reductions of
net emissions, Some concerns about the integrity of offsets, including the need for managing
risk and uncertainty and accurate monitoring and enforcement, also apply o emissions
reductions under the cap, However, the challenge of ensuring the integrity of offsets based on
land management has received special attention, including recognition of the importance of a
clear scientific understanding of how carbon builds up in agricultural and forest system and how
they affect the climate, as well as of managing the risk of emissions “reversals.” For example, a
field that has been converted to no-till cropping may be tummed back to conventional tillage,
releasing soil carbon. Similarly, a forest specially planted to sequester carbon may be harvested
prematurely or bumed down, releasing the credited carbon,

In June of last year, Duke University Press published Harnessing Farms and Forests in
the Low-Carbon Economy: How to Create and Verify Greenhouse Gas (ffsers, & technical guide,
commonly known as the “Duke Standard,” for farmers, foresters, ranchers, traders, and investors.
Duke's Nicholas Institute for Environmental Policy Solutions developed the guide in
colleboration with Environmental Defense Fund and with scientists from Texas A&M, Colorado
State, Rice, Princeton, Kansas State and Brown Universities, as well as other experts. Itisa
step-by-step, “how to'” manual for generating high-quality offset tons in agriculiure and forestry,
while avoiding project-level pitfalls that could reduce true greenhouse gas benefits,"”

In themselves, uncertainty and risk in offset projects do not necessarily threaten
environmental integrity of an offset, but there must be clear management of uncertainty and risks

"See www nicholas.duke edwiinstituie/ghgofTsetsguide/ ghgexerps pud
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through monitoring, verification, and enforcement rules. To deal with the problem of
reversibility, for example, the Duke Standard has a chapter on systems of verifying and
registering offsets, Combined with system to detect unexpected reversals, offset purchase
contract provisions can assign responsibility for any reversed reductions (e.g., through
conservative provisions for self insurance, maeintenance of reserves or via third-party insurance)
during the contract period as well as to assign responsibility to the buyer to renew or otherwise
replace offset tons at the end of the contract term (if limited term contracts are being used, as in
the case of most current sequestration projects).

Other technical issues arise in the case of offsets because crediting occurs at the level of
individual projects that, by definition, occur in an uncapped sector — i.e., a sector that does not
have any restriction on overall sector-wide emissions, This raises the important issues of
additionality (whether the emissions reductions from a project would have occurred anyway) and
leakage (whether emissions are simply shifted to another location)."® The Duke Standard
provides detailed guidelines for setting baselines, and adjusting them over time given changing
conditions, to evaluate additionality for different types of agricultural and forestry projects.
Similarly, the manual describes methods to account for leakage or off-site emissions caused by
different types of agricultural and forestry projects.

Rescarchers have estimated that leakage could range from 1% to over 90% for differem
forest carbon sequestration activities in the U.S." EPA has estimated 24% leakage for domestic
afforestation (planting trees on previously non-forest lands) versus 6% for soil carbon pmjuc!s.“
Why the disparity? Because most soil-carbon projects take place on soils that are already in
agricultural use, for example, they simply involve a change in tillage practices, with relatively
small reductions in agricultural output (indeed, they may improve it over time), creating small
incentives for crop production to relocate elsewhere and potentially raise emissions. By contrasi,
if newly forested land otherwise would have been used for agriculture or buildings, overall
demand for land for that purpose does not disappear — it just relocates.

Importantly, leakage in itself 15 not a threat to environmental integrity if it can be
quantified with sufficient confidence, Once the Duke Standard protocols or other methods are
applied to quantify the amount of leakage ifor a project, environmental integrity of an offset can
be preserved by subtracting the leakage amount from the total number of reductions that are
eligible for crediting as offscts. Another potent remedy is to make the offscts program as
inclusive as possible, reducing the number of unmenitored sectors and minimizing the possibility

"Making all national emissions subject to a cap would solve the beakage problem within a singbe country, but
emitling pctivities could still potentinlly relocate inemationally to countries without similar restrictions, an issue
known as “intemnational leakage.” The podential for leakage, however, is likely to be largest within an uncapped
sector within a single country where emisstons-producing activities (such as timber harvesting) may be shified with
Emaleruu from ene location to another.

Murray, Brian C,, Bruce A, McCarl, and Heng-Chi Lee, 2004, “Estimating Leakage from Forest Carbon
Sequestration Programe.” Lend Ecomomics, Vol.80, No. 1, pp.109-124.
1.5, Environmental Protection Agency. 2005, Greenhouse Gas Mitigation Potential in U8 Forestry and
Agriculiure. EPA 430-R-05-008. Washington, DC.
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that reductions in emissions in one area or sector are displaced undetected to another aren or
sector.

Quality assurances in practice

Some advocates contend that the issues described above are essentially insurmountable,
and demand strict quantitative limits on the use of offsets. In our view, the critical issue is
ensuring that offsets are of high quality, If offset quality is unacceptable, any use of offsets may
be too great. O the other hand, if high-quality offsets are available, quantitative limitations may
prelude legitimate and needed carbon reductions from coming to market.

In the absence of clear federal guidance on these questions, experts on all sides of these
issues have poured time and energy into proposals to address quality concems. And while no
one idea has emerged to universal acclaim, a survey of the field suggests a menu of very solid,
detailed approaches to the quality question at both the project and national program level.”” We
suggest thinking about these policy questions al both levels.

A two-part framework would ensure the integrity of the offsets program at both the scale
of individual projects and the level of the overall program. This process would ensure the
highest possible quality at the level of the individual project, as well as a way to track progress al
the national level and assess the stringency of quantitative limits over time.

Part 1. At the project level, stringent protocols for certification, verification,
maonitoring, and enforcement.

The first round of necessary assurances requires stringent measurement, verification, and
permanence requirements via the application of fgorous methodologies and protocols for
centifying and monitoring emissions reductions at the level of individual projects. This is the
approach embodied in 5. 2191, which calls on the EPA, most likely in coordination with USDA
and other relevant agencies, to establizh standards and guidelines for the certifying, accounting,
and monitoring individual offset projects through approved independent third-party verifiers.
The Duke Standard provides detailed and practical guidance on each step of this process.

In general, EDF urges the EPA and other implementing agencies to develop protocols to
ensure that every certified offset project be:

* Real (actually achieve GHG reductions)

¢ Additional (bevond an established baseline such that the reductions would not have
occurred otherwise under business as usual)

«  Measurable (subject to accurate measurement and monitoring)

"See for example, “Designing offsets policy for the UL.5.: Principles, challenges, and options for encouraging
domestic and international emissions reductions and sequestration from uncapped entitics as part of a federal cap-
and-trade for greenhouse gases.” published in May, 2008 by the Michalas Institate fior Environmental Policy
Solutions, Duke University.



71

*  Verifiable (by disinterested third parties)

*  Serialized and tracked on a registry (to allow demonstration of ownership and prevent
double counting)

+ Enforceable (in a court of law).

Projects in which unexpected reversals are a risk should assess the risks, maintain
maonitoring mechanisms to detect and estimate unexpected reversals, and maintain insurance or
other contract provisions to guarantee that emissions reductions will be recouped in the event of
an unexpected reversal. In addition, we urge consideration of a “rental™ option — that is, a class
of emission reduction projects that are explicitly designed as time-limited projects. We also
recommend establishing explicit requirements for independent reproducibility of any
methedologies or standards adopted for the certifying process,

While these requirements are challenging, the good news is that, as condensed in the
Duke Standard, there is a large body of accumulated experience in developing standards and
protocols to address these issues from the voluntary carbon market, international programs, and
state and regional programs here in the 1.5, We encourage the EPA and other relevant
regulatory agencies to learn lessons from existing methodologies and standards already
developed, recyeling their successful provisions and steering clear of their pitfalls when
developing an offsets program for the LS. carbon market. We also recognize the relevant
experiences and information already gathered by DOE, EPA, USDA, and other agencies under
voluntary emissions reduction and registration programs, such as Section 1605(b) of the 1992
Energy Policy Act. For example, the USDA's Natural Resources Conservation Services has
developed the Voluntary Reporting of Greenhouse Gases-Carbon Management Evaluation Tool
(COMET-VR), which allows individuals to estimate annual GHG emissions and carbon
sequestration under different agricultural and rangeland management practices,

Part 2. At the national level, comprehensive accounting and periodic “truc-up,™

1 stocks in ag ! le. Combined with clear
rules f'ur cnfurccmem a-nd s:rs.wn'ls to lmmlnr and track emissions ﬂ the Iev:l of individual
projects, the project level assurances described above will go far towards ensuring that credited
offsets deliver the stated reductions, Mevertheless, federal offset rules should include provisions
for data collection and scientific review to assess overall program performance. This would
provide a stream of information to enable methods and protocols to be revised over time, as well
a5 provide more robust assurance that the program is delivering the expected emissions
reductions in uncapped sectors, All Annex | countries that are part of the United Nations
Framework Convention on Climate Change, including the U.5., are required to provide national-
level accounting of greenhouse gas emissions. Since 1990, the EPA, together with USDA and
other agencies, has compiled this annual national inventory, including estimates of net emissions
from forestry and land-use sources. As part of the process of ensuring a well-functioning offsets
market, EDF encourages building on this existing inventory to develop a more accurate, detailed,
and frequently updated national-level accounting framework for tracking changes in carbon
stocks in both the agriculture and forestry sectors.
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The proposed measurement and monitoring program would require a more integrated and
coordinated effort across different federal and state agencies to measure and track overall
national, as well as regional, changes in carbon emissions and sinks in various carbon pools
within these sectors.  This program would naturally build on existing on-the-ground surveys to
monitor land-use changes and natural resources, such as the Forest Inventory and Analysis
program of the U5, Forest Service, as well as remote sensing programs from USDA, US.
Geological Service, and other public and private sources. Tracking nationwide adoption of (and
changes in) different farming practices would also require more accurate, detailed, and frequent
surveys of farm management practices than those currently conducted by USDA's National
Agricultural Statistics Service (NASS) and other agencies.

EDF encourages focusing resources to improve the accuracy of national and regional
scale accounting so that it can be used periodically to compare expected performance from a
sector’s offsets o actual changes in greenhouse gases measured in the national inventory for that
sector. Subject to the range of statistical confidence that is achieved by this accounting, this
would provide a direct progress report of domestic mitigation activities in the forestry and
agriculture sectors more broadly,

Improved data collection on agricultural and forest carbon stocks would also allow
methods and protocols to be refined over time as information on actual program performance
becomes available. For example, if actual leakage were much greater than accounted for in
advance—for example, with more timber harvesting shifting across the country—actual gains in
terms of forest carbon stocks would be less than anticipated and could be smaller than the
amount of issued forest management credits. This would suggest that estimates for leakage may
need to be raised poing forward, However, if the estimates of expected leakage used in crediting
these projects were too high, acual forest carbon stocks might increase by more than anticipated,
and leakage estimates could be revised downward in the future. National accounting would also
provide valuable information to allow the program to evolve with changing conditions.  For
example, depending on changing practices, technologies, timber and crop cutput and input
prices, activities counted as additional may need to be adjusted to reflect new business-as-usual
practices.

It is eritical that the data collected by the government is made publicly available in a
comprehensive, timely, user-friendly manner, Public access to high quality data on forestry and
agriculture carbon would help offset project developers to improve their methodologies and
make it cheaper, simpler, and faster to develop high quality offset projects. For example,
establishing accurate baselines will require data on similar lands within the region of cach
project. Likewise, leakage calculations require data on activities on non-project lands, Asa
result, better data will lower the costs of creating and certifying offsets by making it easier to
calculate baselines, leakage, and other measures of offset performance. For example, such data
could feed into look-up tables or modeling tool like USDA's COMET-VR. that provide
estimated offzet amounts for specific practices based on particular soil types, weather, economic
parameters, and other factors. Such tools could provide greater upfront certainty for landowners
and investors, increasing participation in offset projects by farmers and foresters.
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Public access to data would provide a transparent method for public evaluation of the
performance of the program. Data collection and scientific review could also inform decisions
about adjusting quantitative limits on offsets, based on their success in achieving outside-the-cap
GHG emissions reductions.

True-up against aggregate inventory data: an option for forestry.  Ensuring
environmental integrity is vital to creating a large and well-functioning offsets market that
inspires investor and buyer confidence and can provide credits that would be freely
interchangeable with emissions allowances, Concemn over integrity is likely to be highest in the
carly years of a program, when protocols and methodologies are being refined. 1f, despite the
project-level assurances built into the program, the total amount of offset tons that were credited
overa given period fell outside the range of actual emissions reductions identified, with a
reasonable degree of statistical eonfidence, under the national-scale accounting effort, the
implementing agencies could require a “true-up™ as a last resort to cover any estimated shortfall.
This mechanism would involve ensuring that the estimates used for crediting are rectified over
time with aggregate inventory data,

Below we describe how this could be done in practice for the forestry sector. Given the
greater difficulty in monitoring agricultural soils (compared to forests) and establishing accurate
baselines for carbon in the sector, a range of approaches should be considered to achieve the goal
of incentivizing farmers to provide greater emissions reductions and carbon sequestration. A
number of options are under discussion in the academic and advocacy communities. One such
approach establishes offset “trading ratios,” which would attach a discount 1o agricultural offset
tons which could change in response to new information or along a pre-specified schedule.
Another approach would be to create an “insurance” pool of carbon offsets, which stands by
unused as a backstop while new accounting methodologies are being assessed.

For the forestry sector, EDF recommends consideration of a “true-up” mechanism (o
reinforee the integrity of offsets. The forestry sector is a potential candidate for a true-up
mechanism given the menitoring technologies available and the potential reassurance this could
provide to market participants, Forest areas can be monitored from space and the U5, already
has a comprehensive forest inventory program. Furthermore, at least in carly vears of the
program, leakage concerns could be greatest for forestry projects relative to offset projects
related to agriculture and other sectors.  In addition, the forest sector is estimated 1o be the
greatest overall source of domestically-available offset tons, particularly from forest
management activities that are relatively more difficult to account for, though we expect this
should quickly become easier as better data becomes available. Forest offsets are also estimated
to be of greatest significance at higher allowance prices, which is precisely when the need for
COst management is greatest,

In practice, a forestry true-up could work as follows, The EPA and other implementing
agencies would estimate a national-level baseline which would indicate how changes in forest
carbon stocks are expected to change under business as usual. For example, the estimate could
be that net carbon uptake from the sector is likely 1o continue at about 750 million metric tons of
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CO2 equivalent for the next five years. The estimated baseline and methodology for calculating
this baseline would be made public at the start of the perfod such that it could be independently
replicated by disinterested third parties using the best available data at the time of the true-up.
Calculating additionality for projects requires establishing a baseline at the project level. A
good start for developing such baselines at the national level would be the forest and land-use
projections conducted by the U8, Forest Service under its Resource Planning and Assessment
program.

Let's say that based on the protocols certified by EPA, 150 million tons of forestry offset
projects are credited each year for the next five years based on the presumption that they will
increase annual sequestration beyond business-as-usual by 20 percent.  After five years, a
detailed national accounting determines, with reasonable statistical certainty given its sampling
methads and other procedures, that the total forest sink increased by a range of only 140 to 145
million tons per vear, This could have ocourred because [eakage proved greater than predicted
in the calculations used to certify projects.  This would then leave a shortfall of up to 10 million
metric tons per vear, or 50 million tons in to1al over the 5-year period, which would need to be
recouped to maintain the environmental integrity of the cap.™

Yarious arrangements could be made for funding this national-level true-up, To avoid
disrupting high-quality offsets projects and to support good faith efféns on the behalf of offset
project developers, EDF recommends that a true-up contingency fund or offsets reserve be
funded through a private-public partnership. The government’s contribution could simply
involve retiring allowances from a government reserve explicitly held back for this eventuality.
A contribution of funds could also be levied from the offsets market or from private insurance
that could be required 1o cover the potential need for a trus-up.

Conversely, if overall levels of sequestered forest carbon increased (relative to the
bazeline) by an estimated 50 to 60 million tons more than the offset credits issued over the S-vear
period all or part of this excess (using the more conservative lower bound) could be banked by
the government as part of the reserve that would be used to fund any true-ups that might be
required later.

Ower time, information gathered through the national accounting system would enable
more accurate leakage estimates and other fine-tuning of protocols. As a result, offset quality
will improve, and less true-up would be required going forward.

Of course, while this accounting propozal would provide information on the forest sector
within the LS., it would not measure leakage at international levels (for example, if timber
harvesting relocates o other countries). Our solution is to engage the global forest sector in
reducing emissions and increasing sequestration through well-designed incentives provided by
our carbon market. This would also help mitigate against unintended consequences overseas,

*All the numbers in this example are simply intended for the purpases of illustration and do not necessarily reflect
our expectation of either the magnitude of carbon siock changes under a forestry offsets program or the potential
precigion of forest carbon measurements under a national accounting system.
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such as the changes in land use that have occurred in response to the surge in demand for
biofuels.

A focus on quality allows the U.5. to go global

In addition to recognizing the opportunity presented by judicious use of domestic offsets,
EDF believes that similarly careful use of high-quality international offsets can serve as a
valuable cost management device in the context of U.5. cap-and-trade legislation. However, it is
important to understand one key fact with respect to emissions reductions from abroad: not all
“international tons™ are equal. EDF believes that the selection of international offsets musr be
driven by the necessity to achieve global greenhouse gas reductions that avert catastrophic
climate change. As a result, if the U.S. does its part with comprehensive climate change
legislation, international offsets should be allowed into the ULS. carbon market only if they are
part of a program that significantly redoces national-scale emissions of greenhouse gases from
the country of origin to help meet global reduction targets. S. 2191 currently allows for some
use of intemational credits, but provides no role for the major opportunity that currently meets
these requirements while offering the potential for low-cost near-term emissions reductions:
crediting tropical nations that reduce deforestation-related emissions.

Were Congress to structure the U.S. carbon market to compeénsate developing countries
for emission reductions that lower their rate of deforestation nationwide below a historical
baseline, Congress would strengthen those nations' climate and biodiversity protection efforts
and create a model for engaging developing countries broadly.

A forest carbon ton program differs from project-based forestry credits (e.g., credits
awarded through the Clean Development Mechanism of the Kyoto Protocol (CDM) in at least
two important respects. First, on the question of additionality, the use of nation-wide historical
baselines means no further proof of additionality is needed. Second, on the question of leakage,
the use of national baselines means that no proof of within-country leakage is needed, as shifts in
deforestation within a country would be netted out. However, on this latter point, it should be
noted that inter-country leakage (the possibility that deforestation relocates to other countries)
will remain an issue whenever less than all nations have emissions caps. The solution to this
problem is to invite more and more nations to participate in cap-and-trade. By systematically
addressing the questions of additionality and leakage, a carbon forest ton program would not
require additional discounts or other means of addressing these two important concerns.

It is important 1o note a key distinction with forest carbon emissions reductions credited
below a historical national baseline. These are nor offsets from unregulated sectors in foreign
countries that do not have a program to reduce national-level emissions. Rather, because
deforestation is the largest source of emissions for many developing countries, such a program
would involve trading between a developed country cap and a developing country with an
emissions-reductions program that covers a major share of national emissions,

We believe that carbon market compensation for tropical countries that stop or reduce
deforestation is a critical component of a ULS. cap-and-trade regime.  For the last vear, EDF has
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been working with Sustainable Forestry Management, the Nature Conservancy, Conservation
International, Defenders of Wildlife, and the Wildlife Conservation Society as well as a number
of major companies, including Shell, American Intemational Group (A1G), Pacific Gas and
Electric (PG&E), American Electric Power (AEP), and Duke Energy, as part of a Forest Carbon
Dialogue (FCIDY) that seeks to include domestic and international forest carbon provisions in U8,
climate legislation.

The FCD parners firmly believe there is a clear and compelling economic case for
including deforestation in the climate regime. Thisisa !uw—cosl mitigation option available
now, as both the Stern Report and the IPCC have noted.*! Accordingly, we should be
developing mechanisms to take advantage of these reductions and use them as a bridge as we
work toward the fundamental transformation of our energy system. From the ULS. domestic
perspective, recognizing credits for reduced emissions from deforestation in our own cap-and-
trade system could therefore provide significant cost-control benefits and much-needed
flexibility to regulated entities in the 1.5, and U5, As a result, consumers would benefit from
lower prices for the goods and services produced by these ULS. companies. Forest carbon isa
critical part of the effort to control compliance costs in a U.S, cap-and-trade system.

Recommendations for including international forest carbon credits

The U.S. Congress has a real opportunity to lead on the deforestation issue by including
provisions that recognize credits for reduced emissions from deforestation in developing
countries, Both of these actions——fossil fuel reductions by developed countries, combined with
reductions in deforestation by developing countries—can help keep us on a path to avoid
dangerous climate change.

EDF supports the provisions in the current version of the Lieberman-Warner bill that
allocate 2.5% of total emissions allowances to international forest carbon activities. But we also
believe that the current provision that allows regulated entities to satisfy 15% of their compliance
obligations with credits from international trading systems should be expanded and opened up o
explicitly include credits for international forest carbon activities. In Appendix 2, we provide a
detailed description for how crediting of reduced emissions from deforestation and forest
degradation (REDDY) could be put into practice under U.S. cap-and-trade legislation similar to
5.2191. This would allow regulated entities.in the U.S, o tap into the cost-control benefits of
these activities, thereby reducing the overall costs of a cap-and-trade program to the U5,
economy. All of this would also give a huge boost to the effort to protect and restore tropical
forests in developing countries and encourage those countrics to participate in a global climate
protection effort.

*Intergovernmental Panel on Climate Change, Climate Change 2007: Misigation of Climare Charge, Summary for
Policymakers (4 May 2007), page 21, Available at: http2'www, ipoc ch/SPMO40507 pdf,
Ebd'l'l. Micholas, The &mms q,l"f:bm.l‘e I:'_'ﬁmwt .ﬂx&mﬂmw {Uclober Nﬁﬁ:, NE 53]' Available ai:
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We hope, therefore, that the members of this committee will embrace the concept of
incorporating reduced emissions from tropical deforestation in U5, cap-and-trade legislation,
ULS, leadership on this issue would send a powerful message to the intermational climate treaty
talks, where the deforestation issue has languished for years and is only recently gaining positive
attention.

A word about offsets from the Clean Development Mechanism (CIDM)

Earlier, | distinguished between emissions reductions obtained in the context of an
emissions cap, and those coming from uncapped sectors or nations. Before my concluding
comments, | would like to retumn to this point.

As comprehensive legislation moves forward, some are advocating that Congress allow
credit for carbon tons generated in nations without an emissions cap. Many of these projects
would qualify to enter the global market through the Clean Development Mechanism of the
K.yoto Protocol (CDM). Advocates for inclusion of “CDM tons,” or emissions reductions from
uncapped nations, suggest this as a means of engaging developing nations while doing something
good for the planet. While Environmental Defense Fund strongly advocates incentives for
engaging developing nations, bringing unrestricted CDM credits inth our carbon market is not a
good idea.

Why? Simply put, emissions reductions from uncapped nations are not necessarily
emission reductions — unless, of course, these nations have some other comprehensive national
emissions-reduction program, such as crediting nationwide reductions in deforestation emissions
below a historic baseline. While Kyoto caps industrialized nations " emissions, it allows
d:vclopmg countries to eam emission credits from ml;lwldl.mi projects, g ﬂ rl'lllum mumms

seii those nn-.dus 1o :ntmes in de\-clnped munmes o use in mmpiylng wllh thr.lr r:aps These
are CDM projects. The CDM has given participating countries valuable experience, on a
project-by-project basis, with reducing GHG emissions. Bul overall, those projects do not
necessarily reduce emissions nationwide, That is because under the CDM, an emission reduction
earned in a developing country can be credited to an industrialized country’s emissions account,
but no corresponding permanent debit is mede from the developing nation’s emissions account,
since its emissions are uncapped and can thus continue unchecked. The net result of the CDM
transaction is to, a1 best, keep global emissions at the same levels they would have been had
emissions continued to increase unabated in the developing country, even while the
industrialized country is still able to use CDM credits to reduce the costs of meeting its target,

While this might provide a valuable lsaming opportunity for the participating nations, the
science is clear: the climate can only be stabilized if there is effective emissions abatement in
both industrialized and developing countries. Consequently, to achieve the global emissions
reductions needed, all major emitting nations should eventually graduate from CDM projects
toward national GHG management programs. Let me stress “eventually™ - we recognize the
value these projects currently represent to the countries that have them.
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We understand that 5. 2191, as reported out of the EPW committee, does not specifically
include CDM credits, and states that, to be allowable, foreign credits must come from a capped
country. EDF supports the direct exclusion of CDM credits from the U.S. carbon market and
believes that Congress has more environmentally-sound cost containment options al its disposal
as well as more effective ways of engaging developing countries. If, however, Congress opens
the U.S. carbon market to CDM ecredits eamed in major emitting uncapped nations, it should do
s0 subject to restrictions designed to ensure that the CDM credits actually contribute 1o reducing
overall global emissions. Here are some potential ways to bridge the gap:

*  [mpose progressively tighter limits on major emitting countries” credit sales until such
time as they cap their total emissions.

+  Apply & mandatory "multiplier” to project-based carbon credits from uncapped nations.
Under the multiplier approach, Congress would require 1.8, emitters to tender such
credits on a 1.1:1, or 1.5:1, or even 2:1 basis for compliance with their domestic
emissions caps. The additional tons of credits generated by the multiplier could then be
permanently retired from the system, thereby ensuring that such projects deliver globally
real reductions,

¢ Address the situation in which CDM credits could come into another country’s cap-and-
trade program, and then be switched out for that country's national emissions allowances,
which could then flow into the United States under the 15% for international credits
provision, for example, by closing the ULS. market to such intermational credits unless the
other country adopts parallel multiplier provisions for CDM credits coming into its
market,

* At the same time, Congress could instruct US delegations at future sessions of the
UNFCCC to negotiate for inclusion in the next international climate treaty a sunset
provision of CDM crediting for major emitting countries. Such a provision, structured
together with incentives for the carly adoption of national greenhouse gas management
programs, would encourage uncapped major emitters to move more quickly towards
capped trading. 1f such an approach is not politically realistic in the near term, the US
delegation could also negotiate for o multiplier provision on CDM credits from major
emitting countries to be adopted at the point of issuance by the CDM Executive Board,
thus aveiding the possibility of eredit laundering noted earlier.

Concluding remarks

EDF appreciates the opportunity to underscore the important benefits of a well-designed
policy to hamess the cost-effective emissions reduction and carbon sequestration potential
offered by agriculture and forestry. We believe that domestic offsets and international forest
carbon credits can serve a crucial role in curbing greenhouse gas emissions and reducing the
costs of a cap-and-trade program — with the additional benefits of valuable ecosystem
preservation and engaging developing countries in a global climate solution.
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Successfully addressing the escalating threat of climate change will require ambitious
international action that takes advantage of all credible options for reducing emissions —
including the substantial opportunities offered by agriculture and forestry at home and abroad,
With the right rules and standards, domestic offsets and intemational forest carbon credits can
help achieve that goal.

We hope our ideas and analyses will prove useful as you consider the role of offsets in an
effective national climate change policy. Thank you and | will be happy to answer any questions
you and the committee may have,
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Appendix 1.
Internal EDF analysis: Modeling the cost control potential of international forest carbon

Cverview

We model a global carbon market in which the price of credits is determined by the interaction
of demand and supply, and banking is explicitly taken into account. Demand is driven by the
limits established by government on greenhouse gas emissions. We assume that the United States
implements the caps proposed in the current version of 8. 2191, With respect to the stringency
of international policy, we follow the scenario used by EPA in its analysis of 5.2191. In
particular, we assume that the European Union continues its greenhouse gas emissions trading
system and extends it beyond 2012, in accordance with recent announcemenis; that other
industrialized countries follow suit; and that large emitters in the developing world agree to
mandatory caps on their emissions beginning in 2025 and tightening in 2035, While these
assumptions were followed to provide comparability with EPA's analysis so as to focus attention
on the cost-containment potential of international forest carbon, they do not necessarily represent
EDF's preferences or expectations for the post-2012 policy regime.

We assume that the European Union allows regulated entities within its Emissions Trading
Scheme to use unlimited international offsets for compliance, including forest carbon ton
allowances as well as energy-related CO; reductions from the developing world (i.e., CDM
credits). This assumption does not reflect current reality: at the moment, the EL-ETS imposes
strict limits on offsets {and indeed has not recognized tons from tropical deforestation),
However, we view the assumption as a reasonable benchmark assumption for the post-2012
period studied here, Moreover, we hold this assumption constant throughout the analysis, so that
it does not affect the magnitude or direction of the difference in LS. allowance prices under
different LS. policy scenarios.

Policy scenarios and results
We consider the following set of policy scenarios for the United States:

Scenario | — Benchmark policy scenario representing 5. 2191, International credits and
domestic offsets are cach limited to 15% of compliance. Importantly, we assume that within
the category of intemnational credits, onfy allowances from capped countries are permitted,
following the current approach in 5. 2191, Given the modeled scenario for intemational
policy, this means that industrialized countries are the only source of international credits for
the period 2012-2024.

Scenario 2 — Same as Scenario #1, but with no limit on credits from international forest
carbon, including emissions reductions from reduced deforestation, afforestation, and forest
management.

Scenario 3 — Same as Scenario #2, but assuming that only half as many international forest
carbon tons are available at any given price {i.e., multiplving the quantity by 0.5).
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Table Al presents our key results,
Table Al: Results from EDF analysis of forest carbon credits

Scenario | Policy assumption Price in 20012 | % change
(SMICO2Ze)
1 Benchmark L-W 524 —
2 Internaticnal forest carbon credits 516 -3i%
3 International forest carbon credits (lower 518 -25%
availability)

In Scenario 2, 23% of the projected emissions reductions achieved under the policy come from
international forest carbon, calculated on a cumulative basiz over the entire period 2012-2050.
Stated as a fraction of cumulative emissions, this amoents to 35%.% In Scenario 3, forest carbon
accounts for 15% of projected emissions reductions (22% of cumulative emissions). In both
scenarios, these reductions in forest carbon are concentrated in the first two decades of the
program, with many of the resulting credits being banked for later use. Just over half comes
from reduced tropical deforestation.

It is worth emphasizing that this exercise is meant only to demonstrate the potential for using
forest carbon tons as a cost containment tool. We have modeled a scenario allowing unlimited
forest carbon credits because such a scenario provides information on the magnitude of the
opportunity, while recognizing that in practice, Congress could choose to establish limits on the
use of forest carbon tons, which would dampen the impact of those credits on allowance prices.

Note an methodology and sources

As noted above, demand for allowances is driven by the emissions caps imposed by government
policy. Imemational policy assumptions follow the EPA's analysis of 5.2191:

*  Group | countries {European Union and the rest of the industrialized world, exeept
Russia) continue reducing emissions roughly in line with the current Kyoto Protocol;
emissions in these countries fall o 50%% below 1990 levels by the year 2050,

*  Group 2 countries (rest of the world) follow a three-stage path: no emissions limits
through 2024; reductions to year-2015 levels for the period 2025-2034; and reductions (o
year-2000 levels for 2035-2050.

Mote also that the model incorporates banking, as described below. As a resull, in addition o
current demand in cach period (driven by current compliance obligations), in carly periods there
is also demand for banking,

“Total allowable emissions under 5.2191 are 146.4 gigatonnes of CO2-equivalent, while total emissicns projected
urder the EPA's reference scenario are 371.2 GTCOO2¢; the difference, or 225 GTCOZe, equals cumulative
abatemeni. Hence the ratio of abatemnent 1o allowable emitsions ks 3:2.
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The supply of credits comes from abatement and sequestration activities throughout the world.
We use EPA’s marginal abatement cost curves for energy-related and non-CO2 emissions
redw:l.vnn: in industrialized and developing countries, and for non-CO2 abatement in the United
States.”? The estimates of U.S. energy-related abatement supply curves are taken from an
analysis by researchers at the Massachusetts Institute of Technology, using the EPPA model, 2
Finally, for international forest carbon activities we draw on estimates by Brent Sohngen of Ohio
State Unim’shy.“ These marginal abatement cost curves shift over time, reflecting assumed
changes in technology and underlying conditions (e.g. baseline rates of deforestation).

The model solves for an intertemporal equilibrium in which two conditions are met in every
vear: (1) the present value of the international credit price is equal in every period (i.e., the price
rises at the market rate of interest, assumed to be 5%); and (2) the market clears (i.e. the quantity
of eredits demanded at the current price, including banked tons, equals the quantity supplied at
that price). To do this, we use the banking macro included in the Offset Market Tool program
developed by the EPA and made available in the Data Annex to its analysis of §.2191.

Limits on certain types of credits and offsets are modeled as follows.

& Inthe EU, energy-related credits from uncapped countrics — here, developing countries
before 2025 — are limited to 10% of total compliance. This is roughly in line with
current EU practice limiting tons from the Clean Development Mechanism (CDM). This
limitation is relatively casy to model, since under our policy assumptions these tons are
not permitted directly into the United States.

= In the United States, the 15% limit on domestic offsets is modeled by expanding the cap
by 15% (as in the MIT analysis of 8, 2191). This approach (which simplifies the analysis
considerably) amounts to an assumption that domestic offsets in the United States will be
sulficiently inexpensive that the limit will always be met. This may not be true in
practice: for example, the EPA’s analysis of §.2191 finds that the quantity of domestic
offsets supplied will be below the 1 5% limit for the first few vears of the program, Asa
result, our approach means that we may be slightly underestimating the allowance price.
However, our focus here is on the impact of international forest carbon tons. Because our
treatment of domestic offsets is held constant throughout our scenarios, it is unlikely to
affect our main conclusions.

*These estimated marginal abasement cost curves are included in hmhﬂ materials prov‘.d:d Iir the EPA in its
Drata Annex to its repon on 52191, available st hitpoiwww epn 1

S0 Lzip.

“We derive energy-relsied marginal cost curves from the results of MIT's modeling of U5, climate policy
presented in Sergey Paltsev, John M. Reilly, Henry D. Jacoby, Angele C. Gurgel, Gilbert E. Mescalf, Andrei P,
Sckobov, andd Jennifer F. Holak, “ Assessment of 115, Cap-and-Trade Proposals,™ MIT Joint Program on the Science
and Policy of Global Change Report No. 146 (April 2007), 66 pp.

*We use Sohngen's curves from the Energy Modeling Forum 21 based on rising carbon price scenarios, which are
Mnﬂul mmm]lymmu with mmn-dt! siruCture. 'lhutﬂlmwmh'hlu al:
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Finally, our model estimates that international credits other than forest carbon would
amount to just under 15% of total U.S. demand even in the absence of any constraints
imposed by government. As a result, the 1 5% limit on intemnational credits in 8.2191 is
not binding, and does not require explicit modeling.
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Appendix 2.
Low-Cost Reductions of Greenhouse Gas Pollution and Saving Tropical Forests:
How Reducing Emissions from Deforestation and Forest Degradation (REDD) Can Work
in the United States

Environmental Defense Fund belicves that carbon market compensation for tropical countries
that stop or reduce deforestation should be a eritical component of a U.S. cap and trade regime.
The concept is simple. Any nation that reduces deforestation below a baseline based on average
national historic deforestation rates would be eligible for compensation, receiving emissions
allowances tradable in the U.5. market. The compensation would be awarded post-facta,
successful countries would receive compensation after 2012 afier real reductions were coneretely
measured, Two key conditions would help ensure the environmental integrity of the program:

A real and verifiable historical (i.e., not business as usual) baseline. Satellite data, readily
available, should be required to provide robust historical baselines of deforestation in most
developing countries.

¥ Accurate measurement. Mational remote sensing programs, supplemented by on-the-
ground surveys, should be required to provide rigorous measures of actual deforestation.

At least one tropical forest nation, Brazil, has begun to demonstrate that it is possible, with
serious and committed effont, to reduce deforestation through the application of these principles,
The following steps show how such a system can be put into practice, once Congress passes and
the President signs national cap-and-trade legislation:

1nc dl thr:De LS F ice, inde ent u:nn ic
research institwtions and the private secior. The pancl cstablishes criteria for monitoring and
measuring deforestation and setting deforestation baselines, consistent with accepted
international standards, in particular, the IPCC Good Practice Guidelines for Agriculture,
Forestry, and Other Land Uses. The panel will establish the time period over which deforestation
reductions are 10 be measured and credited. Creditable reductions must represent an average of at
least five years to compensate for annual fluctuations, In addition the panel will establish criteria
for the independent certification of reduced deforestation, and evaluate and aceredit independent
certification bodies, The panel will further elaborate standards for tracking and measuring
international leakage, using robust regional deforestation and economic modeling. The panel will
finally formulate options for what percentage of certified emissions reductions must be held in
reserve and not used to meet compliance obligations to insure against possible future reversal of
reductions, and assignment of lability between buyer and seller.

Thc baseline :slnhllshna Ih: nnunna[ dnfurcsmm mtc belaw whu:h ructucunns can bc :redllcd
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In the case of Brazil, the average annual deforestation rate for the 1990s, 20,000 km’, or about
250 million tons C per year would be a reasonable option. Initially (at least for the first five vear
period), to simplify certification and monitoring, only clearcutting, not forest degradation from
selective logging or forest fires, could be considered in the formulation of baselines and in
awarding credit. The seller will create a national forest carbon registry in order to uniguely
identify each forest carbon tons to be traded. The parties to the negotiation will agree that
certified reductions in average emissions below the baseline achieved over a period of at least
five years will be tradable in the US cap-and-trade system, by a forest carbon brokerage to be
established by the seller. The parties will further negotiate the terms of a forest carbon insurance

FE5Erve.

EI.'E‘J& If, for exnmple Bra.zul were tn ukc a hm[lnc nfil] MD km {r.:qunralmt to 250- mllimn
tons C) and incrementally reduce deforestation to zero over a period of ten years, it would be
awarded credit for the reductions below 250 million tons C per year until vear ten. Therealter, as
long as deforestation remained at zero, Brazil could market 250 million tons C per year (although
as a precautionary measure, actual credit might still only be awarded every live years.) over a
compliance period to be negotiated at the Copenhagen meeting in 2009,
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they also reduce fossil fuel consumption on the farm. Mo other sector can
offer such high-value offsets to society at such a low cost.

As we move to a mandatory Greenhouse gas reduction system, buyers will
demand projects pass rigorous measurement and verification tests. The
dairy industry is already poised to provide high quality offsets that can be
measured, verified and sold today. Those who say U.S. agriculture cannot
offer a real mitigation solution are simply wrong. U.S. agriculture and
forestry are some of the only sectors with currently available, high-quality,
low-cost, verifiable emissions reductions technologies.

Mitigating and solving our climate crisis will not be easy. Other world
players were initially hesitant to include ag and forestry as part of the
solution. In hindsight countries outside the U. S. are realizing that was a
mistake. They are now incorporating ag and forestry offsets as vital
components of their climate mitigation strategies. The U.S. has a unigue
oppertunity to provide international leadership by crafting reasonable and
innovative ways to include Ag and forestry offsets as part of the solution.
Agriculture is ready and willing to meet this challenge.

Because of our canviction that we can mitigate emissions, the Agricultural
Carbon Market Working Group has endorsed unlimited offset markets. So
has a report just released by former Majority Leaders Daschle and Dole,
on behalf of the Bipartisan Policy Center. | would respectfully ask that this
report now be submitted for the record.

Stewardship has been a Wittman Family Farm tradition for four
generations. We were selected as the national Millennium Farm Family in
2000 by the Ag Earth Partnership for our stewardship approach. Efforts to
improve our conservation efforts didn't stop with this award. For decades
we have measured stewardship by what we could see above the ground.
That’s not enough. Any realistic discussion about sustainability must
address the quality of our “soil production factory”. Matural resource
providers must all become better “carbon managers.” Carbon markets and
potential for ag offsets revenue provide the dual benefit of helping our
climate while also providing new incentives to improve soil quality.

Thank you once again for the chance to speak to you today. | will gladly
answer any questions and assist you in crafting responsible policies as we
move forward,
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FRESIDENT, THE PACIFIC FOREST TRUST

BEFORE THE SUBCOMMITTEE ON RURAL REVITALIZATION,
CONSERVATION, FORESTRY AND CREDIT

COMMITTEE ON AGRICULTURE, NUTRITION AND FORESTRY

“CREATING JOBS WITH CLIMATE SOLUTIONS:
HOW AGRICULTURE AND FORESTRY CAN HELP LOWER COSTS

IN A LOW-CARBON ECONOMY"

UNITED STATE SENATE

MAY 21, 2008

Good afternoon, Madam Chairman, Senator Crapo and members of the Subcommittee.

Thank you for holding this important hearing to address the opportunities for farmers
and forest landowners in U5, climate policy. [ am honored to testify on the potential of
private working forests in addressing the challenge of climate change, We look forward
to working with you as you integrate the agriculture and forest sectors into an
economy-wide climate strategy.

I am President of The Pacific Forest Trust, the nation's leading non-profit organization
dedicated to conserving America's private working forests for their many public
benefits, including climate stabilization. The Pacific Forest Trust owns, manages and

il » i CF Ry Avatoue = 534 Frangisea, CA 92159
VG BELOTOC + infud@pac dicforeut org + www PacificFarese org
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conserves working forest lands. We have directly conserved working forestland valued
at over 5160 million dollars, and worked with owners on conservation and stewardship
planning on over several million acres in the West and Canada.

In California, The Pacific Forest Trust has been instrumental in advancing the role of
forests in the state’s climate change programs. We were asked by the state to develop
the Forest Protocols of the California Climate Action Registry (CCAR) through a broad
stakeholder process, leading to their adoption last October by the California Air
Resources Board as the first volunlary early action measure under AB32, the Global
Warming Solutions Act of 2006. We are now engaged in the stakeholder processes
advising the California Air Resources Board as it designs the full implementation of AB
32, as well as for the design of the Western Climate Initiative, which has the goal of
developing a comprehensive climate strategy in seven states and three Canadian
provinces, The Pacific Forest Trust has been engaged in the Northeast states” Regional
Greenhouse Gas Initiative (RGGI) and Washington State processes as well. We have
worked on these issues surrounding the role of forests in climate change nationally
since 1993,

In my remarks today, 1 will address the potential of private working forests to reduce
net carbon dioxide emissions both directly and through offsets. [ will also share the
lessons learned from our experience in California and across the country with forest
protocol and climate policy development and our own forest management project
certified by the CCAR that is in the process of selling some 250,000 tons of emissions
reductions in the voluntary and pre-compliance carbon market. Our experience shows
that forest emissions reduction projects are a realistic, cost-effective, practical market
tool that can deliver real climate gains and also conserve forests and their many
economic and public benefits,

By including forests in climate policy in an integral way, the US, can achieve
significant, synergistic gains for climate mitigation and adaptation, landscape level
forest conservation and restoration, more sustainable forest management, and,
potentially, alternative fuels. With a comprehensive strategy, tens of billions of CO;
emissions reductions are possible from our forests over the next 50 years. The U5,
could demonstrate international leadership by designing a global model for the
incorporation of the land and forest sector in climate policy, fadilitating integration with
other economic sectors and creating meaningful new markets for conservation,
restoration and sustainability.

The Pregidhe = 1031 A O Reslly Avioe ¢ = San Frasclice, A 34179
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U5, Farests and Climate Change

It is now clear to the scientific community that the earth is warming and that it is doing,
so faster, more intensely and more broadly than predicted. Leading scientists globally,
including our own Jim Hansen, have stated that our global inputs of CO: are, in fact,
higher than thought, and that therefore we need to reduce emissions more significantly
than previously thought; that we must act across all significant sectors of CO2
emissions; and that we must act swiftly to implement solutions if we are to achieve
climate stabilization.

The US. must address the challenge of climate change in a comprehensive, effective,
and economy-wide manner, recognizing forests are and have been a significant source
of CO; emissions as well as an important mitigation tool. There are several key data
points to remember as the Congress adidresses climate policy over the next several
years.

First, forests absorb CO; as they grow and store CO: as woody tissue for centuries and
even millennia, Forests release CO; when they are disturbed. Forest harvesting
releases 2/3 of the CO; stored in the trees over time; one third within five years and
another third over time as stumps and woody debris left behind decay. The final third
is transferred to wood products, where, on average 2 percent of this carbon is released
per year through decay.

wtln s 10 A O Redly Avenize = San Franogoe, A 24179
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HOW CARBON DIOXIDE FLOWS IN FORESTS:
STORES, EMISSIONS & REDUCTIONS
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Forest loss and depletion accounts for roughly 25 percent of worldwide COy emissions
today and was the source of 40 to 50 percent historically, The loss and depletion of
temperate forests, such as ours in the U.S,, is a key contributor to today’s atmospheric
concentrations. Because carbon emitted into the atmosphere takes at least 100 years to
cycle back into ecosystems, there is still CO; in the atmosphere today from ULS. forests
cleared and harvested in the 1800s. Now, with the loss of virgin forests in the tropics as
a key new source of forest related emissions, tropical deforestation is becoming a
serious issue in the international climate negotiations, opening an important door to
bring developing countries into the global climate policy solution.

In the U5, significant greenhouse gas emissions occurred with initial harvest of old
growth forests as well as with the conversion of land to development and agriculture.
Conversion to development causes not only the emission of biological stocks in those
forests, but also the loss of any future sequestration. CO; emissions are still generated

The Iragidia « 10314 O'Keilyy Avencs = San Trazeson, CA 4139
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from on-going land conversion and forest depletion, primarily if not exclusively on
privately owned forestlands.

Forest carbon stores on public lands in the 1S, are now managed to be relatively stable
to increasing over time —an important asset in the U.S. carbon bank. However, the
private forest “sink” is declining as forests are being lost to development at a rate and
scale not seen for a hundred years. One and a half million acres of private forests are
lost annually in the U.S. to conversion and development; more private forestland is lost
to conversion than any other type of land. Once forests are converted to other uses, not
only do COs emissions result, but also future carbon sequestration potential disappears.

In addition, most private forests in the U.S, currently store significantly lower carbon
stocks than they could naturally maintain. Therefore, this sector is unique because of its
very significant potential to re-absorb its own and other sector’s C0; emissions from the
atmasphere through actions to increase carbon stores across the landscape.

If done well, forest management and restoration can sequester vast amounts of carbon
for long periods of time, often hundreds of years. New research with advanced eddy
flux technology that measures the release and uptake of CO; from forest ecosystems has
shown that older forests, even old growth, continue to take up massive volumes of
carbon, Further, recent research on western dry forests from Woods Hole Research
Center again has shown that older forests hold significantly greater carbon stores than
younger forests. As a practical example, extending harvest rotations to allow trees to
grow older before imber harvest enables them to absorb more carbon, maximizing
climate benefits while continuing to supply sustainable wood products,

r Feedidio = 1000-A O Reilly Averoge = S3m Sracsdss, 4 941 03
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The simple analogy to explain this strategy is banking. Planting a new forest is like
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Carbon stores at time
of timber harvest to
“optimize™ climate benefits

Revenue from

corbon market buys
time to ofiow Ltrees
to grow ofder and
store rnore carbon

Carbon stores at time
of “business-as-usual”
timber harvest dictated

by current market forces

TIME
Generalized forest carbon stores over time for ULS. forests

opening a new bank account with very little money, but with a high interest rate,

Managing an older forest for carbon is like holding on to a large bank account with a
lower interest rate, The older forest bank account will add value - and carbon volume -
maore quickly than the new forest account. To fight climate change, we need to both
grow older forests and plant new forests to restore our depleted forest carbon banks,

By doing so we can have a significant impact on climate, yield more imber and other
forest products over ime, and produce new alternative energy stocks as well.

Engaging the Forest Sector in ULS. Climate Policy
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Federal climate change policy should address forest conservation and sustainable forest
management. This is because we need to avoid the increasing greenhouse gas
emissions from forest conversion that is growing again, and because we have the ability
to significantly increase forest carbon stocks from our existing forests. This strabegy can
reduce greenhouse gas emissions, increase carbon stocks in forests, expand forest
conservation and foster the resiliency of our forests to climate change simultaneously -
while reducing overall costs of climate policy. Like any other economic sector, forests
can provide real, additional, permanent, verifiable and enforceable greenhouse gas
reductions. By setting strong standards, these reductions can meet a high level of rigor
and accuracy so that they are equivalent to reductions in other sectors.

The U.S. could reduce net CO; emissions by tens of billions of tons in the next 50 years
through several broad mechanisms:

o Reduce forest loss
o Restore forest carbon banks
o Reforest former forests

The provisions of a economy-wide greenhouse cap and trade bill should increase the
function of forests as enhanced carbon sinks and reduce their role as sources of CO;,
while increasing incentives for landowners to manage their forests for climate benefits
through the emerging market in carbon credits. A carbon market can provide added
revenue for landowners to permanently conserve more forests and practice the type of
management that results in carbon-rich forests. In this market, forest owners
committed to increasing net carbon stores can sell these gains to those who cannot
otherwise reduce their carbon dioxide emissions. There are also millions of acres that
were formerly forests but are now marginal land in other uses that could be restored
with financing from the market.

Incorporating forest strategies into national climate policy will also bolster the
sustainability of our domestic imber supply in an environmentally sound way,
providing added return to forest owners and, in turn, sustaining forest sector jobs and
creating new positions related to the carbon market. New job opportunities can be
significant. For example, the Washington State Climate Advisory Team estimated that
by implementing a suite of forest and agriculture climate strategies, nearly 5,000 new
jobs would be created in those state sectors by 2020. If we consider the many other

wnigee = (001 -A O Aeily Avenue » San reancisca, CA 74129
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states with forest and land resources, that job creation figure could rise to well over
200,000 new jobs nationally,

Further, in the transition to a carbon constrained economy, forests can play an
important near-term role since many of the energy technologies that will reduce carbon
emissions in the future are not ready to deploy in the short run and forest conservation
and sustainable forest management can deliver results immediately. When forest
conversion is reduced, there are immediate results in reduced greenhouse emissions.

A robust carbon market that recognizes verifiable gains in forest sequestration can
reduce economic costs of climate change mitigation significantly. While there may be
differences in the modeling and the underlying assumptions, several analyses of the
cost containment of the offsets provisions in 5. 2191, The Lieberman-Warner Climate
Security Act of 2007, show real cost reductions, The EPA analysis shows allowance
prices 2.5 times greater in 2020 and 2030 if no offsets are allowed. MIT's model of 5.

2191 assumes 15 percent domestic offsets and shows that if offsets are not permitted, the
resulting allowance prices would be 15 percent higher in 2020 and 2030.

Managing forest resources to increase carbon stores can also help increase resiliency of
forests to the effects of climate change, including pests and fire. Among others, actions
that can lead to both increased carbon stocks and resiliency include targeted thinning or
prescribed burns (reducing catastrophic fire risk and leaving bigger trees with more
room to grow), maintaining and restoring native species biodiversity, replanting and
increasing riparian buffers, and reducing forest fragmentation. Increasing resilient
ecosystems will further protect and enhance other key forest services, such as water and
air quality, fish and wildlife habitat, and open space for recreation.

Changing climate conditions are not the only new stress on forest ecosystems in the
United States. With the nation moving towards energy independence and reduced
greenhouse gas emissions, cellulosic ethanol and woody biomass for energy will
become more important, offering another potential stress on private forests. However,
bicenergy can also provide a new significant source of revenue to help keep forestlands
in forest use. With more people and new infrastructure needed to utilize wood as a
renewable energy resource, more jobs would be créated as well. To avoid perverse
outcomes and maximize climate and economic benefits, energy policy and forest
climate policy should be integrated so that the impacts of each set of policies on the
other are understood.

Tre Presidee « 1001-4 O Reilly Avesus « 530 Franedea, CA 74179
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Forest types and management practices vary broadly around the country. There is no
question, however, that each region can reduce forest-based emissions and can generate
increased carbon stores. If we design climate policy from a national, landscape-wide
perspective, we can ensure the best strategies are applied in each region as appropriate.

While developing national forest climate policy, effectiveness will also depend on
understanding private forest ownership patterns and how they are changing. An
estimated 100 million acres of family owned forests are going through a process of
intergenerational transfer, the integrated pulp and paper companies are divesting land
assets, and real estate investment trusts and TIMO's have become the dominant large
owner type. Optimally, a forest-climate policy must recognize these new market
dynamics in creating mechanisms to increase net, durable carbon stores, conserve
forests and create a new source of revenue for forest landowners.

The Mechanics of Harnessing the Climate Benefits of Our Forests

To make a real difference to the atmosphere, as well as to be successful environmentally
and financially, forest climate policy requires rigorous accounting and measurement
standards. Changes in U5, carbon stores can be precisely measured, and the process is
based on over a hundred years of research, using methods that are well accepted and in
wide use. Inaddition, our forest sector is grounded in America's strong system of
property rights as well as other legal and governmental institutions.

When developing forest projects, fundamental climate policy principles must be met,
Forest carbon sequestration projects must be real, additional, verifiable, permanent and
enforceable. To be successful environmentally and financially, these policies require a
transparent, standardized accounting and measurement system, and one that
differentiates between public and private land ownership.

In the United States, we have the capacity to create a robust system to meet these goals,
The U.S. has the scientific expertise, institutional structures, and legal frameworks
necessary for a system to account for real change annually in forest carbon projects,
Uncertainties about the capacity in some of the tropical forest nations to create real,
verifiable carbon credits have raised concerns about projects in our domestic temperate
forests, In fact, in the US. we can produce high-quality projects with “a ton is a ton”
equivalency to other sector reductions. Tropical deforestation projects may need a more
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basic approach of verifying that forests are simply still there, as quantification and legal
and reporting systems are developed.

Crverall, the most important issue is that credits be given for carbon storage that is
additional. To determine additionality, there must be a baseline. Baselines are long-term
projections of what would have occurred in absence of a project, often called “business-
as-usual.” A standardized approach to establishing project baselines is important
because it is objective and may be replicated consistently. Carbon credits would be
given for stores above the baseline, which would be that of existing law or best
management practices, also known as “regulatory additonality”. Within a set of
standard guidelines for calculations, baselines for forest projects should be established
on a state-by-state basis, since states and counties regulate private forests,

As with any greenhouse gas emissions reduction in other sectors, the reduction should
be permanent, and at a minimum have a benefit of 100 years. To address the issue that
carbon stocks and future stores would be lost as COz emissions if lands are converted to
non-forest uses, conservation easements or other tools should be used to secure lands
for climate benefits, In addition, buffer or reserve pools can be utilized to back-up any
unexpected losses in forest carbon.

U5 climate policy should also be consistent with international standards so that credits
in a carbon market are f'ungible and will produce a higher value for landowners who
trade them.

There is no reason to start from scratch on these issues. For years, forest scientists,
economists, forest managers and policy officials have conducted careful analyses of the
mechanisms to measure and monitor COz emissions from forests. While there are still
data gaps at the national level that must be addressed to increase the robustness of the
system, the fundamental toals exist.

In addition to the development of the carbon market, there are other policies that can
increase the carbon stock in US. forests, including land conservation and other
environmental policies. A toolbox of federal financing tools could significantly increase
the acquisition of conservation easements or support other mechanisms to achieve
secure climate benefits through additional grants, tax incentives, and low-interest loans.

A comprehensive forest carbon policy could include a suite of policies at all levels of
government to increase the stock of forest carbon and promote ecosystem resilience and
adaptation. These polices would promote native species, dyhamically stable forests,
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and discourage deforestation permanently. Some of the possible policies that could be
used in conjunction with a cap and trade policy include agriculture conservation
programs. In the states, carbon management could be included in state forest plans and
forests could be included in state climate plans. Further, forest fire prevention
strategies should be designed to increase resilience of forests.

The California Experience

In California, we are in a transition from a voluntary system to a regulatory system as
the state implements AB32, the Global Warming Solutions Act of 2006, which sets a
mandatory target to reduce statewide greenhouse gas emissions to 1990 levels by 2020

Prior to AB32, in 2001 the state legislature passed SB 1771 which established a voluntary
greenhouse gas registry, the California Climate Action Registry (CCAR). In recognition
of the significant role of forests in climate change, the legislature subsequently passed
5B 812, requiring the CCAR to integrate forests into the Registry, and develop protocols
for forest emissions reduction projects. Following a four-year, broad multi-stakeholder
process, the CCAR Board adopted the forest protocels in 2005. As | mentioned earlier,
the California Afr Resources Board then adopted the forest protocols in October 2007 as
an early action measure in implementing AB32.

The CCAR's forest protocols are an important model for how to incorporate forests as
offsets into climate policy. The protocols are a standardized and transparent accounting
system for forest-based greenhouse gas emissions and emission reductions. For the first
time in the U5, indeed globally, these protocols provide state-backed rigorous
methedologies for creating regulatory quality CO; emissions reductions through forest
conservation, reforestation and working forest management.

Two years ago, on behalf of a private landowner, the Pacific Forest Trust submitted the
first forest project to the CCAR for certification. The Van Eck Forest Project is
comprised of 2,200 acres of working forest along the northem coast of California,
producing significant climate benefits while continuing to provide a sustainable harvest
of imber and high quality wildlife habitat. Restoring these forests to levels of carbon
stock that it can naturally hold, the project is also providing synergistic other public
benefits, such as for endangered species habitat and clean water. In fact, the property
now has prospective habitat for spotted owls, which have recently been sighted.
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In February of this year, following the review of our third-party verification results,
CCAR certified the 2004 to 2006 emissions reductions for the Van Eck project In otal,
the Van Eck project will provide at least an estimated 500,000 tons of OO0z emissions
reductions over the 100-year lifetime of the project. As required by the forest protocols,
the project is further secured by a perpetual conservation easement, which runs with
the property. Once certified, Natsource Asset Management LLC, a leading global
emissions and renewable energy asset manager, purchased 60,000 tons of carbon
emissions reductions because it believed that forest offsets are a key policy tool in the
portfolio of activities to address climate change. The transaction is the first major
commercial delivery of certified emission reductions under the California forest
protocols.

This project is increasing the net asset value of the property by over $2,000 per acre,
providing a very significant, complementary income stream to sustainable forestry for
the landowner. This landmark project has been followed by several others, and the
CCAR expects at least 10 more projects to be submitted this year, The Pacific Forest
Trust is developing projects on over another 10,000 acres for private landowners this
year, as well. Ttis important to note that the revenue from these carbon sales goes to the
landowner, not the Pacific Forest Trust, for our goal is to incentivise them to remain
forest stewards, and not yield to the trend to sell and convert their land.

These projects are an important step in developing a carbon market for U.S. forests that
deliver real, lasting emissions reductions. Since this transaction, The Pacific Forest
Trust has received countless inquiries about selling certified carbon credits. The
demand for high quality, pre-compliance emissions reductions is strong and growing.

This market will create incentives for forest conservation, providing a new revenue
stream for landowners while reducing carbon emissions from forest loss and increasing
carbon stocks in forests in the United States. A federal cap and trade policy that
includes forests will encourage the development of this market. As such, it must ensure
that the market is financially sound and delivers real benefits to the atmosphere.
Indeed such a rigorous program is essential to reduce risk, which, in turn is critical to
market development.

Lessons Learned

= This is eminently doable. Forest offset projects are feasible now in the United States.

The Pragide « 1001-A O e’y Adenue = San Francsc . Co 94129
415 5610700 « info@pacihcinrast are » www, Pacthir Foresr arg
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%T‘HE PACIFIC FOREST TRUST

Dur Privets Fmggﬁr Pubilic Treozwres,

They can meet all of the goals of climate policy. They produce real, additional,
verifiable, permanent, and enforceable increases in carbon stocks and reductions in net
greenhouse gas emissions,

* High standards and compliance regimes will produce higher carbon prices for
carbon credits for forest landowners, The Pacific Forest Trust sold Van Eck project
carbon credits at three to four times the price of commodity carbon credits in other US,
markets and at higher prices in the retail market.

* Demand for high quality carbon credits is high. The financial markets need risk
reduction to grow, and demand additionality, permanence and third party verification.

* A private working forest can be managed to produce increased forest products and
increased carbon stocks, as well as a create a resilient forest, increased supply of clean
water, recreational opportunities, and habitat for fish and wildlife,

« Finally, the market works. Climate policy that incorporates forests to reduce
emissions and grow carbon stocks can also reduce the costs of climate policy and create
a new revenue source for landowners,

In conclusion, Madam Chairman, forests are not only a bridge to a low-carbon future;
they are a key component of a long-term strategy in U.5. climate policy.

1 appreciate the opportunity to testify this afternoon on the emerging forest carbon
market and other strategies for increasing our forests’ potential in addressing in climate

change.
Thank you, Madam Chairman.

« VR [-A O Redly Avdiga + 20 Frarcizsec, A F4I129
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TESTIMONY OF DICK WITTMAN, FORMER PRESIDENT, PACIFIC
NORTHWEST DIRECT SEED ASSOCIATION AND MEMBER OF
AGRICULTURAL CARBON MARKET WORKING GROUP
Befare the
SENATE AGRICULTURE COMMITTEE
May 21, 2008

Madam Chairman, Ranking Member Crapo and Members of the
Committee:

Thank you for allowing me to speak about ways agriculture can help our
nation mitigate greenhouse gas emissions in a timely, cost-effective
manner.

My name is Dick Wittman. | manage a diversified family farm, ranch and
timber operation in northern Idaho and also provide consulting services to
agricultural family business. | am a member of many farm organizations,
including the National Association of Wheat Growers, Farm Bureau, the
Farm Financial Standards Council and am the past president of the Pacific
Northwest Direct Seed Association. For the last three years | have been
part of a national steering group of agricultural leaders studying
agriculture’s potential role in climate change. On behalf of this group—the
Agricultural Carbon Market Working Group--1 commend you for looking at
cost-effective strategies to achieve greenhouse gas emission reductions.

Science has proven agricultural lands have great potential for sequestering
carbon. Sequestration is a proven sink that offsets the impact of
emissions. Analysis by the Pew Center for Global Climate Change and
others indicates agriculture could provide up to 40% of the U.S. reductions
needed to return 2010 greenhouse gas emissions to 1990 levels.

Consumers and resource providers both have concerns about potential
negative impacts from a carbon constrained economy. These concerns
include fuel, fertilizer, electricity and transportation costs. In my view, the
real issue is: "Do we pay now...or pay later at a higher price?" Our
Working Group has studied emissions mitigation strategies being
implemented across the U.S. and abroad. We've learned that, given the
right incentives and education, there is almost no limit to the technologies
and practices businesses and consumers can tap to reduce negative
impacts on our climate. The organizations | represent urge you to
recognize the diverse mitigation options that agriculture can offer. These
include conservation tillage, forestry and agroforestry, reducing methane
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from manure and ricelands, precision ag, displacing fossil fuel with
renewable energy and reducing nitrous oxide emissions from croplands.

Allowing market-based carbon offsets as part of a national cap-and-trade
program provides a cost-containment measure for emitters and a shock
absorber to our economy. A cap and trade system also helps make it
“profitable” for farmers and foresters to invest in environmental
stewardship. As an energy intensive industry, agriculture is sensitive to
energy prices. It is in everyone's best interest to create incentives for
transitioning to alternative energy that is affordable and less damaging to
our environment. Greenhouse gas offsets can play a huge role in creating
those incentives.

The Environmental Protection Agency and others have modeled the value
of offset credits in cap-and-trade bills such as the Lieberman-Warner bill.
They conclude that domestic and international offset provisions in 52191,
capped at 15%, could reduce allowance prices by 93% over what they
would cost without these offsets. With unlimited agricultural offsets,
allowance prices could fall even further. EPA has confirmed that unlimited
domestic offsets in $2191 will not hamper technological innovation, but will
reduce costs of the entire cap-and-trade system.

Many agricultural organizations are pursuing or already engaging in carbon
aggregation services. Soil carbon credits can be generated and traded in
greenhouse gas markets with confidence. My personal experience bears
this out. In 2002, the Pacific Northwest Direct Seed Association penned
one of the first contracts in the U.S. to engage in a voluntary carbon offset
trade. We contracted with Entergy Corp, a Louisiana-based energy
company, to direct-seed cropland for 10 years that would sequester 30,000
tons of CO2. Our experience with carbon trading has proven that
education and incentives related to carbon offsets can result in significant
changes in farming practices. These behavioral changes promote both
economic viability and significant environmental improvement.

Emissions offsets that the agricultural sector can generate are high quality,
real, measurable and verifiable. Federal laboratories, agencies and land
grant universities have long studied this issue. Soil carbon sequestration
has many benefits beyond greenhouse gas emissions reductions: it
improves air and water quality, reduces soil erosion, enhances moisture
retention, and improves soil productivity. Agriculture has lost over half the
native organic carbon in our farming soils across the U. S. over the past
three hundred years from tillage, wind, and water erosion. Practices such
as direct seeding (no till) are reversing this trend by sequestering carbon,;
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they also reduce fossil fuel consumption on the farm. Mo other sector can
offer such high-value offsets to society at such a low cost.

As we move to a mandatory Greenhouse gas reduction system, buyers wil
demand projects pass rigorous measurement and verification tests. The
dairy industry is already poised to provide high quality offsets that can be
measured, verified and sold today. Those who say U.S. agriculture cannot
offer a real mitigation solution are simply wrong. U.S. agriculture and
forestry are some of the only sectors with currently available, high-quality,
low-cost, verifiable emissions reductions technologies.

Mitigating and solving our climate crisis will not be easy. Other world
players were initially hesitant to include ag and forestry as part of the
solution. In hindsight countries outside the U. S. are realizing that was a
mistake. They are now incorporating ag and forestry offsets as vital
components of their climate mitigation strategies. The U.S. has a unique
opportunity to provide international leadership by crafting reasonable and
innovative ways to include Ag and forestry offsets as part of the solution.
Agriculture is ready and willing to meet this challenge,

Because of our conviction that we can mitigate emissions, the Agricultural
Carbon Market Working Group has endorsed unlimited offset markets. So
has a report just released by former Majority Leaders Daschle and Dole,
on behalf of the Bipartisan Palicy Center. | would respectfully ask that this
report now be submitted for the record.

Stewardship has been a Wittman Family Farm tradition for four
generations. We were selected as the national Millennium Farm Family in
2000 by the Ag Earth Partnership for our stewardship approach. Efforts to
improve our conservation efforts didn't stop with this award. For decades
we have measured stewardship by what we could see above the ground.
That's not enough. Any realistic discussion about sustainability must
address the quality of our “soil production factory”. Natural resource
providers must all become better “carbon managers.” Carbon markets and
potential for ag offsets revenue provide the dual benefit of helping our
climate while also providing new incentives to improve soil quality.

Thank you once again for the chance to speak to you today, | will gladly
answer any questions and assist you in crafting responsible policies as we
move forward.
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THE ROLE OF AGRICULTURE IN REDUCING GREENHOUSE GAS EMISSIONS:
Recommendations far & National Cap-and-Trade Program

Senatar Bob Dale » Senator Tom Daschle
APRIL 2008



SINIINO

el kil i ey 1Y iy Aoy el o e iy
41 b e ] s e e 5 e aa ey r reegierey
e s i ot puipasid deser) Buning, nmpmpy vy ety
o R 1 [ 0wy weap] e iy drery Sy g
- vy g vl Wy o e ey e wmyg dpery
TR My Ty Aoy ey g TR ) v ey PP
mofrd myy, 2 T g el et o g e ey e o
I I e e e gk [l [ Ly 9 LA [y T
ey (IR 14 ] Sep) ] [ Sy e suIpRm, wAm PO ey
i e Lpof TpURL T S]] e e e ey
o ey ] i ) [ e e e Al deyp vt g
) ] ) e e mymig | Al iy S bl
i an oyl s e g eyl e ) s e L
ey e e W donpa memgnthy v
el

g dremay i b ] i Susay Copay g

o v v i s o | W] ] [ AR e e
Pl el e e e L sl TR
Bt




107

ey e S re—— i — s G ] e m— R |

ey by e oy o o e e e I —
e ey S Y Sl cinll e o e st S i By gy
s e v e e VLD -
ekl T
IHHE_.IHHU..._.. (el g g, =) s s Sy o el ey
1.- i it PR e e ] e e e e 1 Y
P e A R A o P e ihetags Iy HIP s gy i oot
P M— ey 1P el o I i O o
;}ll‘i”{iii”ﬁ:r”ﬂ“ﬂ._rh ey yaes setrmprd puna e mgenad s Pt e s b et
et opraad s sl -l s ot b i Lbnlas
e gy g 4 g e P o e o e
- (T iy T W S — U W,

- oty TR ks B 4 g i B
W )

TS T g A e A

i e ing e rd s -t b 8 ey o

Ve {1y o : =l ii% i

”.. s peer dhrs e vy v o v
o B g bl s o e P A S SLSATT [
| ¢, N . e o i_ﬂtn! & Baeass ur sy rungiile
e S ur justsdojonap (soua sqessual Tuponsd 7
B i e ey P e g g o i e s o e pramp e
i e by e R LSy e S ii&ii}inli

[Pt sives permerippt e Bepsiins gt s i
N e . L
i 8 J5 b S [t ek g Sty 4
o e g 8 ey By, LY e
oy et ey o 1 ey [t emarrree
T e AR e

AR, : izigﬁﬂ T

L e 1 e reodhayreg
e Al e ol e aep - E
o i il Mg pegtic A ikiiﬂa&ii i_:}__i

e o pax smeyy urmpesl prapouls gy X
g ey e i i ], - . *E% ﬂgﬁ.{ til
sy prames s e o ks e sy it i
. a3 .S, 2 %il&%g.‘iﬁ!}!ﬂs. ne pardon e el sy
* g webiel s e g ) sweny dew oy B ¥’

aaret moreees w%ﬁa%&&%ﬁa%

S AJYINEINAS JALADAYS







109

L TR

o A i e e oy ey e b oy Pl g s
e e f S,
_u.,_..l.-.-.,_._.[l!rl]..n et o e o s iy

o —— ] S e el I.I1i...1-l_
iy ey pepriey heny s T gty A
1 el by o g ey | Ve g e

|.1r11|ll.:l1-?._ps.-..1...1!|_-.i+t_
B -



110

U ——
I_._.._._I.II....!JJI iy
W gy ¢ o e dyd pawe s—
JI..I.I]-I!.JII..!..-.!..... et} T = g by i y—y
I._.ll._|4.1lru_._._|:_.1.

oo b e s e mimam

# P T S e sy e ey
Wb ey e e S e
Doy P AR b b S s e
Y A L ) o iy
s d e e e, Bamp,
ey ) ey . e -

Sy Limepsty me ey o) 0 ey
wiiiskeg ] S S I P

o e e s e et n 2118

———
T A It i o o . il e

AL R | iy [ Sk e Ry

ey g Gy bk s m vl e

o L v Ty

1 g 13 [ w4 i e iy
ey vt
mmt gl e gl
o B s e b s s
T T —

-

e e e ] ey d s B

magrpe ot tpanffe—anesf infmig frur—u gy



miake

g TS e ) ] s o Ul iy 4 oyl s s it e dpr

T o e g s P Py ey vy w0 e i g gy el g m s, A s et o iy
] s S Aty i A T MRy B L I ap— s o Ly ibneven Sy 12y apinge e g ey
mm—ry A iy s T i e P Wy R B gy
R s st g s | 1 e
T Y T il by L -
o e A S iy v .........:-....”H s o B o s [ v B e st e
9 oy ey Pl e oo o o o Wit e oy o ] o i el ey e e L
gl g sl g i) y oy iy e e
g o s i ]y e o e s e v P s s ey B sl e o gt
i o e Y Y T Y ) ey et nstgred s g iy e e e e !.(.-liil_-llul.l.l
i e s e i g ey "
t.........i.."ﬂ!...nall__ll.-l e preusyin
s ek o ) e S ¥
Fpmaid @ e rppcy e ar el P e o i L bbeels B I”l“lﬂ”ﬂilﬂuﬂ:ﬂlhiqlll‘
) e re—— - H— U S N ) egnpey St
o TS e e oo st e e sl ey
-.l.r.-{}illl

5 i T
g ey AT e P B s
g apry-pan-irg o o tpnenengan

g e e L) i s T
- gy iy ot i vyl o e -
= e WP e i S
P L ] e o) e i

- el e g @ v
b 1 £ 8 [ A e A
el gt v ol bl mp ey e S ] L e s s e 4 e
arp e ) S R PY-PIY P i g sy pslepy
| o, s o s o, ey g ([0 A4S ) sty preiling o vy
e rest il e e ek b = e g ey ey s £
] s U g i e iy [T R T i 6 (4 (11} ey
o et s e s gy TR L g ey menny o e
L =1y 1 s g —abiday mpny
e ki s o 8 o ey AP bl arppriiey rererenl new o
ol

bl e e mp ] Rt s ikl s ) b oy
e ) U e ) D W e bl el e e, e




112

G TR i b S B s e
VO ) W P ] ] et e o8 LR g el Y et W
E = . 1 . el l-._ul!nil‘lulr__lﬂ
\eanm v gy i vy Far g
-ﬂ.-._b.h.l___-.__ ot ey b BN iy s o 7 s g gt mm il g s M e Yo s |
P i T Ty e CHES o el | Al B e -
[ o - e PriEal e -l v i agh dned e et o L
Pirrs @ Berallap ot | T A A T [ LRy e iy e e e T e e T e __
T ) 5 B A pre————] Ty ey s LK g i s v s pr wmsdes prea .
o o s g e g e BT L ke B L o e ] g e g i e il wiasl |

By oy et e i) gy TS S ) s sty vllen yrg b=l apn- b v R et |
a1 tigraan s ey s p sy O [ 6 5 i s s ) il Ty AT S ———

i BoRissesmor s s ¥ s v e L et - o it U [ Wt oy |
e G L P i s it Epjfovis o s eI e e S _
[ S—u—————— T R S T ] O S Y P Yl S i
s i 1 e i R - e R T T ey S |
e P e o i ot =l O P 0 St P _
nma e py e e sl ey e T8 = O S oy 1 il vt 8 g e i i g Wi |
S ey 1 gl gy Ll PR iy = " o 1 vy e e e S s v g

e g Tt paral o = 1 by o |

o g w13 s o sl 11 sny (i1 rey e aied mmengry nee gy vy amaels mmena) g FIR  vishag e ) |

P T Y O e s ey s i e o B

s ey e g e e jar g ; L RS TSN T T LR USETUN TriTard e DNl 1 inie) |
P -ars et e Ll i s e
- s e =g o e gy g i 0 o

i) s eyas syl sy 7
s o s [ wp e sy

[ e i derelnad pig s e g ey
R L ] IE P
i s s i o Py Livep R g ™ ohy "
[ e el e e e e l.-lll...l..l.b{u{.i.._-lt.._l

o s el e sl 1 S S e e e e iy
YL T g it gk e P CHE A
.l.f_lﬂl-l.llj_.l IFpen g L PPt i 0 e B ot

- s o
I__.u..._.ﬂﬂ.ll..i .I.”:-ﬂ g g s e ST S

s s g N Y P S ettt e ey Py sy
e B S L [ iR paiebp ansrn e by o
L Ly A — e

gy e ey g . — i e anal v g e oy -t
7o teparem unrru # Farps s [ by ] s Tl S s P 8 7] e

= B o v T e s g s el S B R
iy peiains Snemnage 4y o st dt—_ Vg e dpst P e s

sy vl ¢ L v L P P G ] s SR e Tl [
e Py sre g e rv—— s s ot e e oy s
oy S Sy Y, F g il g . ) gt e
oyl apeess wery sy s g Bl PR P S o A i e ey g
i pee el .- e gl o P g s

L i [ enal st o ey S —




113

= (] msrry s Baveria o :l!.]l.........ll_ii.l.l.

e vy pmaspey o sop weprsasd pearigy vy pe v pevmrel sy prees g e el pasdi

tmdime | ] dnerin, L ik ey ey mpcmans o pemenl madl s ey
v syl gl ¢ e o e [ A——-

-
sl meyers pu asied mpowa Bemurs m ders dpm rep—d el wp el mest )y depd mp
. L ¥ I..-.IJI..__ e e el T

e T
it‘...t..l}]lvt..i._.lll

sy emtbared spu pun e gy ey spmadasd ik e |

i [ o s e i gy e S s i adnm s o1 p——

el e g [alfelie i @ L

B e e T e e pE——p—

TS i renarnk -
. T TP —————

-

Jor| e e gl vy rad sy mrvas s s e LIS g b e G
Bl prmiad 147y S 4 H g B — o ey e ) e iy st = iy
i s e TS P P ] 5w e ey Skt el

v —

[ i ) e G

4§ 6B 8 g 2 e 2 &g

BEgani WETI 08 JEREL DY 1T 0 00N T DAMSH

T —
e s
4 s AP St A N g
i o P s e o
L] Lo L iy
1 [ W w 3 w1 L]
R N e e O e s S o e et
L) ko it - e [ 43 an
- ] - [ s wl f——
Tl
- =" L ) L L L]
-y — L] - ey L3 .y ] AR
B i i T, NG O RO N E1IREINTY DGO TIRY TRENIS W U (1T 1N

APTRPTY JRRE) B LR RN WARG BRI EAE B




114




115

11 iy v, g

... i
Baras s |_._.Il|-|.!|..1|-.._l.. P " ] T e

Fiach semsrmal e e s us dEmay pee
) o S W | veierma e e e gy 1 o s

amnt gt s ) mesm
.._u..Eu.“E}:__iE!sb._pi!..w

il e dusm o frmd e
o L Y S ] P P s T

0PN D iy iy sl B el 14 By
1 r— i G e sl i iy
o By g g umarg e -

i!lliiliﬂ[ e o g vy ) e O by 5 ; ;L—;i i%&-ﬂmﬁ?;:i] wagiar At ay
u......f.ll-.l:ll-lft:.ll_ allesten mmirti 0 W % o ) g e
sy ey g Gk mpy eamsbun Ly e e T HQE E%E

R, ety VA . m. _J NNy

10 9j0y oy



Wl HER ' -
= e i, iy e e s vl B, 0 W B ] i Lo B sica] o Mepalary 3 g e

116

T b g e Ay
s i e sl gy g1 P v Ll B ek e g P i e LT epunn————
Rt 0 M A4 L e 8 (et S wy pullailn) sy wasmy e Ly R 1y vy T W S Y S
tinrn o v mmy fpgli prvtens e gy e w) S e g ey sy e e e ey e v dimpall ipbrys e e gy
b s ([ o i g il W [ s it ) darsey sl B v st 5 i e Lt
Ry fagn e e b e e | aar sy megry e e vrresd wrmste masry = rrvind e g b e L
T e e G i e [ mistint g 5, s [ vy vl
e e el e A sy i e et 6 il e ) g
A T IS g v e il st s gy ap el g s L E TR T L e ]
s e iy By ey e e o o [P A R ———
g = Byt paamiiaF R s o gy i i s L et P grant. v
vend b . L L e e —— h.,....ln._lh +..I..II.1....__!?5.1.1....I
e e temsrry wsparns gy S e [ LEF T T L A i — e

ot el kb Ay, S s P I U wwit s e e i i P ks o S g 1
ey e el Bk ey arsensl sl e e Leg m e -
e B e e e R I e e e ] e gl o e, e .y

PP ] e e g e e prrnteed [ LTI s B T o ity

o b s pra—_ R T e ey ) ) dy Py e ! s byl s by e
=il i . Syl oy Aoy oL i R e e e ]
o RITY [ pre g prelepe NI AL T LTINS SRl e
S iy 8 ] T e bt i ey p p ey | 0] sl ] i o e e oINS L TH S M
s o vl iy, vl 2ol St sl g o e g i o A el
o o 0 e el i Ay Fesing e B Dhssat spgrmamain purw sy isrmarn lbuna

- ] W] sl s e e gy o iy 2

. R e T SR LR s oS S
b s o i ey g S S S g msnrmsy Tupaas p) (o ot Sty
ety s ] - l_....n-.llﬂwi.l.ﬂl-t. g b S e P ey .-.lr_ 14 gl e e s g oy il
T T Era Fmee . ‘apiirid il ww e sy e da mear e ma ey et e gy A 9
o — i L < 5 el e e b -...!Jll.:._. 1P s bR+ by
A e e A AR ] ) S rerm warapibe e ey sl b L

| !
[ e inkimaiai o o e s rregw iy By yra
| ey permpas o Keyussagpal disk gty spprnbeen o duna uiskond staeed g 100
ilﬁi‘iiijl o e w Ty i v pmey o 3 "
e stk gl el = e ey Fp

| — S it s e iy Ry sl m P s
A B N TR e Uy, Wi 45 TN
e ity J]__I e e et e e
g iy Dmaninr

IS M 4 ) M e, b I!!;._u.-lgz.ﬂi._.:.!}_ T S e e "

e e prpa b s v e sy v ey § 1 =i s Crphemin p | v g e ey ey S E e e

A1 iyt w1 s L Prpml emrere s iR B pmapl] Fsyas fyratapabe a1 e e i e i s e prwh ) pre=e

L ey wonnsd g - e pops by sl g, v g b Ty e ey

o e— g S sy T R - TaFmpees; 0 e B e e 1 .

LI S G S K 8 S g li.li..u-f.lli._.!rr_l.l.i _-..-.....1! -l..!lr._._rr-u...n.l.-l kttil:i.i%t;&!é

=ty g e o vy vl ey g pme— e el g gt g v T [ A e —
Pt el 0.0 AT 4.h.E...J...!...“_,__.I__...f..__ v g | TP isfing o b crvna r wossianens ey

PRI e [ v el e A CP A 340 v e 1 ARSI T8y fnc—dLMi



117

iy e e ey

T 0 e iy e 7 v g [ 8 gy et ] § it
i ey o sy, s e e 4 3 ] 41 e 0 e

[ —
B ot T [,

e e
i 1t g e
e s T Bassmans “wsly et s sl
T L L L e————

e b e ] ® P
e | 5 e ] R e e R

DT P P TR e |
o gl g ) vl g o iy
P v s e e (i B
el e e i
S S S
WU L 100 e e
sy e
i thvered o o ey o v
e e e e L TIE)
siom i v b gy e
i o g g o e e b

1 Ll g 8
T SV T
i s P ey ed st ety
o it s ey g g g B
A . N Syt simge et ] VORI

14 bt B g sqren gk w
1t M d ey e by 1 s
e o U imbbg s e dpma ey oy

ey o e o

o el e sl ey s o g
L
L
b e g sy vy R sl
o
A

aranLns Mejan) prTased S e
R At o g iy e sawpmndly a3



118

H ey ey e B ey o sl s b v 0 e ey b

in G
Tiee s - @ w—_,
ey mn p—

k] v gy s ] e ey
S
T T -
TN S ) Vot 8 e i

S s— e = — Py
g ] 1 gy o e g
o Fpvan] TS e A LY Ry
il s ek g By e
T UL " P e e iy
- faa
I...].!LII- [rTL— P
) o L] 0 e
g mrmani i e denp ey e
e ey
-y P bl iy P14 oy et =
i Ll - RUR U ST T
apmchand pp Fy 1] (7 0 ey pascebind et

i vy ik | g vy e L]

-yl s Ll g s g s e

U i i e Lty 1 rmipnte o

...fn.. T ]
| m P i aied Bprs 117y Py

g g “vamelai v s oy dgmsape e vy

| gt
s g v s ey
¥ o melieas 3. e

rpel e mmay e v ———

il - e ey ey vy
SR e e — (1 4

o s s

Lansh i 23

-] = s w—
ey e | kg e e ey
s g 1 o e 6 v gy

TIPS S ——
] — = ] O P
R T T P e ——

15 gl B s iy o s e oy B
o e 0 T s Ly by it |
L T ]

o e sy pabe e Bermif ek W sevmisssha e g
R T e e e
‘!Iii_ii!‘j.ﬂ.l
e
S S oL - 10- N S
e R e e
B TIRAL 43 Pt M 4 i 118 it Bt ot [reee

i il by pr e [ P T S P ]
e e ] BT ) Y T L e i gy
[Py D Mgy Seiag) ek e siimiienanlionr] maryrn pest) ML

_E Juauneall iy



119

1 g i, ) e g sk 15 i

Py ey = L
.l-l..li..l.......u.!..ﬂul..l e = Ry 8 Fermseman S
P P — L TP T T T — Ol ey
sy ey iy b | w——y ......ll..........ul.-ﬂ:.._lcr.ll!.i

=
i iy [ iy Pt ety e TIPSy ey
| T— e e iy S Py b o s Sy 3 ey

prrmslnngs oy v peensl g el Ry 7] ) sl G o e e
Illllll.li .-.IuA’_I

..1.-1]..1!- vt ek ey

e L e T T——

A s e iy e
T T P Y

o prcosisiond worpriiurea sy i watpavetasd dlarg 1

B e L Top o ——




120

e - -

.....

.....1,... ..I.Ir

o | v = o v S

g sarmpnd oy e i o ey L gy Sbr——
1 nrardds b patas, e iy e T wE
s 1 e ey o - g [ e g
- -filil.....]_.l_.-l ¥y oy e s B

P L ] e T o R ——
P B e e B e Lk s ....._..:.1I1|r1}_

I_.__.__II\.I.. = g g e . e g
...-J-I_.Ir.._._.lll_lli..-lbljutl.l..
e 3 i g i e o s g il ®

Lo wmE b g e.....ﬂl.._...ln.q..-l._ﬂl:a

Ei}ii!i.
?inllﬁiiti]:iili.
s o sy Egﬁqilt

o e st e o i g .
iiuﬂkli%....
; ..Iiitisjiu_
Jnl:lli.qutmﬁl!.q |
s astsoune oyl wosh 09 Beprouss
initll?i:&!tsﬁia:i! SYIIE U0GIED peadolei Fimer

aImnaudy _..nunr..Eq 10) SiIoM 18y wayshs

Aavdl ANV 4V

e duiugisag




121

P ek e g (38 Wy B L T S
e o i ] S i g e 6 Was SR i S Pl Ly Rty 1] | i )
pirpr 5 b v L o =
mramig_ iy 1 pesap am ia e il _..l..liu.u:i].-__._ "t alli{lhl- s
L T .Ja.l.l....lll.a P el o s
AT ] WA e e [ .._._....-In lllnql-._]!&!!.lﬁl - - ll.'llll
b byt prrmpprsae p e i preed imlljr.l-.llllllnlnl _.Iiin.._.ﬁ..ilpa l.lulu.__:l..__ ..Illj I.___i.-..i
R L R e g mamm s B 1y Ty t.._.. i.!l_..l:-.._. II....- .!!!ll.lln.._.!«
T g T r oy o el e e i smevtensil et v, e ——
< sl s g s ‘Tl e T e G R e B i i S i
0 repiinl st o wevy e i v s a1 s ey I_..1 P _I__.r
:19!4?.!..1:»11:..1.1 Sl | E sy ey s Yy o b cie. ......u_.lrti._......s]....._
=0 e v vy el s el -l..l-....._..vl.:.!.la..ll!.!_al! l.l:-lln.- i i
B S s e Lo i pg e s T - iy
i wprenl A pp vy s L — S e p—
e e wy T ) 1 Vi L - peny
-r]ll.l_i]l-rlllll_li-‘.— it e s g ot e e e i
Pl = ke Pmrow e s v g i gy ey ‘Pameruatial i iy s tymm
S B U R P I T L e A AR PP
..u.-..l_li..lvnl..ill.:.l.._...__._l:lui! v b s ot iy gt i s By e i e e e e 2
o e oy o .1 by ey e e oa T ) ) By [ s s

TR
dprilogs [ A i g i
il o P 1 1 O LA, it T o1
e iy o TP i s ksl ¢ g ke S

Finps taband ity 4 Buiisbiiphan gam pllrrg e e et b e D
werasile mr e w | e G B e g ey pag e
Y TS 5 et e g s e By So— i o [P [T Pe—
i 40 Y Y [t b s, By S e g, i i el g
prredy el o s o ey e dmesben s iea prird ey p e g iy | e oy e

e e T e ]
b b T el Y e s ) B e o ST
v frivel iy B8] nemg ey iy vy arrmmn  papm e e u by fye L

S S P ek o POl g o i it -2kl LY L ki ] e e
Iitteny s ey i 1 ks oty s e Lppreh e ) 0 0 puniushs ssgin
1 meiisais sl o Sy Byt o s e il Lol raspay e np

TR G e e by e [ vy o e M
el o] s SRPURUN .t L - e
._...}....t.nl. st mp gy = g ey el

s B L ] R R I g S R

|1...—.lr..1] Itdi.fq.l-lq. AT A I e ¢ ]
) P U i A R MR B R i gy i B S B i

B T B T L 1 T ——

B T o -

o e wrvlasd s o e 8 e e Pkl W L . g e R
ot e 17t o s Fupa i g Py v e, 1 e e s s
s any el A e ) by g it 1)




122

mema

Y T g v g [ rrveneny wninad vy ey ey e T Pt w5
1 (e e e I L s T el s ] g P
i e 1) e g 4 b g v g ) g s o) [ e bims
oy sy AT pererpas s 1 o sl s g e 1 ] e iy
) R S iy st g iy e o f——
e g [ s VTP Pt ..Tn"ETT-:I.l_......._nJll”
e e o e et st s b l_.li.. n:tr..-._...lilnjld
Sl s oy ot e, g o s e e e g ey e
o e o el e e e st L i
[reepre e s e e e P et e
o Pt 1y bt st - sives ¥ ]......II.I:-
Acfy seoipiln lypymeerd gty wepetanhen S b g ey ey LA ¢
S e R —
mmssnd preeepe epre il oy e weben ey
VL i - S m——
s amymsansy g a2 nrg

rabes vrw s e 55 Sy e

Mgy, Yy, i iy iy ey
) T ) LT 1
i g T 1oy i b sy wn

e BT o] TALJALY Bt [ 100 gl
mmpiy v sasrsarem e e eyl gl wry Tk
e e b e S i e wanigl AL AT TG TN BESLAPS MY ST
Aprrrm sy s e oy
iy Lo b i e 1 s ey e o dupierenca oy pasdas qua ey )

e T e e
1 0t 58 bk SO B Lk ik 0 A ] e 6

255 e i e By e o

1 g gy i g g
sy s o s —Ly ey pe )

gt gy e b ey w pletn U PRNSHRSTA NN LGRS L A

oy e e iy vl s Bepayend e e vy —p——— -

4 Temmm—" TS P u G e T e oy g S Ty S
| i daiaf gy .}_ﬂ_tlllt el 8 e L g ) e T sl e RS S -
Rerprm 1 ope s e e L HORE B T T e———— i ol 54 .
[{u!..uul.l_l.?lrl.l el papis g meag Tprreho v e pEsy oy 1 i prregceaiy w— 11.. %
wtel et 10 e Ve b e e = s w1 sy s e e e e e 1
=y Huiya e prprmde n g e pelfere Bruna e pe T paradU e Omeg A __.I_ll._.sl...-ll-l.._.l_!.._l..] e
iy s iy S i — ki o gy sl oy e gt vy el e L S U A P,

O I I SR —— - g g e e |, restiaad s - i g s A
g PP el oy S O] e g e ] 0T — — Wi [y 1y o ) D ey e ity
b 1 s st et et o g o e £ i ey ¢ ‘o ey 2 e reonnd i T vy

Sy s . U U o Mg
il st gy et pppac et 1)) P ey ] bl s b . e B
e ) L A T -

s s e g g ekt o et s Bl e o e sk L L re———
[Pmppelia s B . 8 S e I e o] o s ypn P dead =

e e Y S T o A b | b o s e ey



123

e R L R . s g sl ol iy il o
e L
s e R S S 1 g g, iy i o i el
5

.7 e rar e R P g H il e e e e o S
e e gt g B M ot e peemgs empor v ot ol i e e e e by, R
rn g mm e g st g ey o . 35 e e g e 1 5 e e T Ty p——— X e e =i
] s S, D S ST ey e ey e i o S T v s e B, g R
S, P S — S T o s i g e g o et g b i ) L g ——
e b oy e weh e T e P S - ...m”..‘.tl,
e o sppad s e e R APty o g b ot ety v o oy . e
P gt P L PN P o o el e e e iy g e vy o) o By -
gy o o e sy e Ty L
e T e sy B g ey TP e r— S ke
e iy ] M e —— TS e T g A !J’I.I”l&llll” .l..r-...ﬂ.“
sl vy emnad = [T T S - ar=ien dimammy o £ ) papmn Ao
g e g T S YT e D e 11 et Tapely Lot ot
— s " ol ety i e R s i e ey -
LT T g S I il (s o el el 4 by
1 s g v pommln o e T s w6 — sowphemt v rems perepifen e = vl
g e o ekl e e Y, Py g Pl i g Sl R T P P, P T Y e e ey s L g
et e e g s i — (I, VSO SO0, g [ s o e
e A A " gt e b sl s o 1 1) = Ry W iy g e e Pyt el i i 0 iy
g e ey ek g s s B ISR ST A S — T e g Syt o, e sy iyt 4
Ei%..ﬁ.n?lﬁlﬂ.q g ) i R P e TS ¥ S g Lt TR im ek iy i e p—
AP ) e e L Lo eaiiion R e e R e p—
g e weifoed e posdscoe it || s e e i srnapine o g Py ey v iend g Py v et vy
o ™ iy = vl g o o et -
-

e o et e g g -

o v e i i S e ety it e
DD o s i i sy

[T S SHE————— PRt
o SRt o o i
e e e T N o e s g g e S
s s it -y ; rlr

TR S U RS S N g e gl oy et

o e mnrs pellopy ey e m S g P o A g b
i e g g Vv gttt s st ) e e e




124

e L b ] Fen - i dimer v sy R
Sy S i Prremapt i ot

] - P iy B gy o gt s e o v 4 Sy ety ARTEY 7 1 s Wi 7
B e P PR STT SATEAL d tho r ampa fg  s
o s g ooy e srerera) T L e e ]
— — ey e Fastret Y B bapans] ey 1 g - et s o st
R T LT T W i . i L gt e o g e i o et g el s Tl e e Ty
[e—— = R [ B Ry S byl vy e " miaasd s N et e e s
e e g e 1 A e w g B Tl g P oy i —
LRI ) e T T A R o S ] gy o B s s ity T PR P (] e g g Bt
el i ey 3 v o b ] S S S ——————) < TPUPYR,, Amyam s oo w——
i e g i AN e k- JE S ——
e, ] g mp—tlee, R BTN IS TR U ey Sy S i e pubes iy e U 1 st il e
gt prrbued e Pt paresenal e P | 4 . . o il i e g e syl iy ol i i e e by
W ] il T i - i § 8 el [ e s g sy o b ) 0 il Bty -t el sy oy
ol i i gty ety e e i e o s e 'y 9 S oy 4 i oy e
sy e e w T e et Py ey g e g g ey 544 b o oy o iy passy
onite g g s e v b PO 1 o e oo sl e B e L Lt [ e
i o e onsoom TS P e - A T LT e T
USRS p——" Pty by el iy e o e T L T Ly
P ¢ oo e oy s Bl st e — el g i i il s i g
rmrrtcopmn gl b e g Segn e papmsres Sy e e g s O )L S —— lul....!r.....-_r.!
ey e ol vy e e vy ] P ) o e pay e pds e U U A ————
T ey T - e I e bR T e T e T [N T ) i asf unireser b ksl s e
L T T T T p———— il 34 g gy o il e o s B
s Lo o R T T s e S ey vt v [ TR smrmagye i erpeies sl qong]
i sy i) ey 1P 18 g s el e i iy
e by ey g e, v
P e s e 1 e ey

5y Pien g w004 e Fuptaaad
[ETT A , A ——
- i s inprusagees g J
I ey e ey e g

o R AR e e 1] B
7 10 prilten i g 5y e e kb
1= el e e e e e ] e gy




P T | R e e e
e s, g P e o ey
Lans o L 1 L L
P ey ¥ -
et 1128 s [ v pmtm s e gl
S S L
1 i et iy eyl e
wiinges oy el e iy By e s
erraliead g v e i v
RN T PR Y G-

gy s it 9§ sl Lo
bt o prade i e 4 e

e e o By e

| vy

T i P s e e el s B
e pats e dgdes o e e [

A7 o sl { o e ekl ey,
REYT] A ¥ Pee e P
P e TRA b e e
by R ) o i gy by ey
om0 sy e e el
ot e iy s s LT e
= Rl oy oy wentlnnd o yor
A S
T
S s b [ st b eyt g oy
g e ey T ey g
P e L T —
119 e e s e s i b
[ T A T e
e e e
et i i i bl preyly v nlepe—gy

e T me——
W e ea S et b g P ey
L T T AL T
T G 1 R e
T ST [ e § A
O . A
[ ey s dheeen o sy By
s pellng gy ey
L
i -

125




126

=17 PR— . o o
o ermiag g 4 P e iyl - <y v v i-...li.l!:%!_lulll.ll-]lllj__

Syl - g iy sy oy L O T LA

P e ST ™8 o by s e e e o el
et o s PRt 1 e 1 g s () S vy o e g B
e e L T e T ] i e e vy g i i i vy fpaien
Pz -.IT....._.I.I i s sereabss vl wper o oy e o v sy T B
P S s S 0 P g S B4 eyl e <o s s bl oy oged s} prosen Lo v
3 vtk o e gy i (ehaL Lpins g ma i b gl e e 2 norm v ey e b sty

gl s, ey b Ee g
LR s B A LR
aﬂt&i-."”””_.ﬂl[! ey aprrnenl o et g 3 o e Bt st i e e
e By i -y s e vy e P
& F Il“li..’lhl]-..lnf! rmer prpas o sl el pe el el EHL R B TR b Sy
L, S AL = O T [ ST, [P B —r—
Ot b e S S v oy Trrmrias oy aaemary e antang pareba  teng wep ey e p e
S o i T — R Y rrd s i e pa A Mk R R L TS ) A R

VLI onasey yeemrg

W P i Y YA oy oo e

e
dnmicen b e gk el et
= Tarede mabae par s Reprpw pem“‘p

DO e LA L e o e
A e Eaer 1 b e
t;klru.lv-rl;u]rlr!w
dimemery) s 134U TS P e il
sl g v g
...1-I-I_IJ._|.-I-._..3|_._.-I...I

[ S—— . 4
s i o e e i s e
P o s o ) e s e ey e
e e g e o e i e L L e g g s
s o v By e et T
s o o Al o o R L i b e s e

ERFLLSCICY P o0 oo et wy vy ey e Sy e
it ik, o T il | e B et sy i e i, et "t
e 1 g 4 v [ P rplbeee v e o b o press asd
i e g e O G e ik ek ]

A e b iy Rl o gty e, Sl g e gyl —
P PR A PN P AR e g et L e i
PR} LS e —") S——ry sl il 5 g vt g e et i
‘el eyl pryig oy P ey e s ) A e R e T el
JATLLASD W it ot i e (T i Bt sy ememmimiems ey sy

Eﬁmu [10S EEE; pue ‘guiropuoly ‘SuLnseay



127

s T — Ty sy
._|ﬂll..1-l.w...1|L1..“1..l..._._1_.._1._ o el et Tty iy vey
bt B i g e e i om Ranpms i g shergus

e o ————— =
e i T AT
gy 4 g s o g b iﬁ!l!tljl,ll
e prme i b ) (i ey rrmperyl g T
1y el et M VLN VETI), ey e sy . s
D iy e ks i g T Tl ML R ——
8 ATE o e g1 N PR o= o e oplpps o o g iy

Wit e i ey Py vy )
iy merds wmalr gt mm—t—
e L L b p—
] P 591 s b st s

o parprper s 4 el P WY
P s

L S ———
e A e e e e
N —— g 5 s b i e

e syl g wpien o e [ e s 4 Bornn e b+
P e

T




o L e Lalalalt]

128

P e e s Pepens] TRRCEAL SETRSH B ARSI 1Y PR
g prme et gl by ] R EN-BT § i [ 8 iy

i g by pss s b st Frrmrnas e =il

B s Fd s ey e sy e By et e g pes
BB ot Bepmant dprepdir i monmi vl gy e v ey

g i dias s e Sind sy ey iy P wratend
-pum ey s dey wnr e ) i e mmy
el e L b PR S T L]
iberg e sy -y
iy - — T P

S i g1y S W A M it T
el e ol sy ¥ iy [ IR Mg ) St i e b
o e wgy s e g s ] S e el ey

o P et rid ey ] paonata p i, R th ]
hermeceed . ey T SR e e v 1 gt o
sapums slow) Aoy v B o ol vy Lot

Nt bt 1 {1 Pt sy o
warleina s
e il g A ek
Wi perigalic sevgor o iressdd [ = ey A B mgen g iy
e e
o aBuiti v confl asenan angieife g p .1.|._-I|1l|1.l_.-l._|=|:_.1_l_..
e 5 s e e e iy
ks (vt B i e ey, el dpreympeles e g gl ey
Ty v S e g gy e U st b s el

ey g s, o] nseens = “slures vy st prmibe prsmin puw sepvleins
o) s S o ke e iy S A A et e e e
Arm | v e ppspe— 3 ey o vt Fenerpl s e v
8 barapen o e Bepagran wow-pu Dot dagd Y R b ephasipss it
e e iy [ ey ey il ] s ks yrrm s wgrepbde oy purn Way




129

Tl e ey e [ T D uﬁ!.!..f.....,l........ll[.-l.
Paitrevss i el po s R b
o g e ranys apsnepapys wars il I.l__..i._.nll__-.l..- S e——
Il!ll-!lj._.-! (S P ....l!.ullll].....l-l.lll
e e ot % i PR AR
[ e e drw Y
i gy o ‘e g

T e P L 18 = e g

e
M i ) o i ity ) 49 s = gl 1

s ey s e e e o Bep o B i kel [ e i St Bvi gy e iy e
T - wempel pupenile Lt dom 1, et sy ATy e s e e g Ty e ik ppinat 44 5
- 150 sy it i gl o s i v it e s ‘sl e =y y

T TR —— e T e S,
e o oy o g e e e rd s R [1] 1 S T . S g s i ol et

— e o ppstemsed g "
e g s o e iy e el e s e g e sl el e s g bl et s
ey igpalyy . g 1) o e sy iy s premclis mp gy mepiape mopeend pren e g saggte v e g sl gy e




130

poeamgen e 108 i amg g e
pereen . sarrpmy ek e ihayes
ey g o ey il g e e o s




131

ot will b caviee 10 anu effecerr mewsemens and
enlrcrmen for peojeon locased within e oounary.
Tnoermasional projacts should aaly be crodived and
rewanled 10 the enent thar ol qualifying domeric
el ngriebninal e Sk ot i Bt
rocognined snd sraarded.

by Becammyndatun #11 THA nhould rrisbind caar

entisty could allow sgriolimnl organizations w mai-
mize revures 1 the farm seown by sveiding the use of
non-agrioaired brekers and maden.

Prbey Reemmeadution L7 S0 shoald prowaie rifcdlion
stk Trreagh h mieTiies spwrts aad thesh] siditemally o
iy priwats verilication servions. This will peovide frmen
with i choice of uaing either privaie ar pevcmmenisl

v o allew aey qualrbed perion a2 s

pregaber e agy Saveed sfhur eresm o in

wahahle eaming experience on the question of how

aggregann can ind shosdd opersie in carbas maken
o bebuld of the agriculureal seesor. The Cliacsge Cli-
mare Eschange, the bows Farm Brseau, the Mational
Farmun Union, and she Pacific Momhwns Diwer

EETVHLE

Peiny Rfcismmadsted L] Conghint indd provés famtiag b
it ey prvale secter sduptis ha eihiel D costh of devebeeeg
b ing and veris-

e Becamic emen
will be bghest in the carty pean of u nasiondd offer
program. fanding 10 enable gronps m develop thelir

hodologies e ial inchison within

Seed Amociation ae s of otgani thut
have already soyubied experence s aggrogiso in
atabilnhed voluntary carbon marken.

Bancd oun shis experiencoe, we balieve the mle of ag-
grepmmo should be wvailable 1o sny imersial pany

own L ¥
Federally-cisbiimbad sandandy, will be crisical wo help
privai apgprrpasen and schnokegy developen addres
thae newd for robuss mesusrement. monimrisg. and
verification mels

fkcy B 14 Conpree thosld pravide 115 mil-

thae gualifies, including but sot Bmised 10 !
Hy EIoups. st EETIRmen i, aniTin, privas
arbon mading companie, and other imeresed pas-
s ek nsienbisiml draions ey

umuﬁupi;il;m‘u}ﬂu-hmnqkuﬁbul
woepetatins agpregation and cicbon brokerags sorvion
i imirrast dieratly winh wguilared encwies. Such an

‘e puir i (e B Lomtartom lof gyl Sy Mitgaten

o Ervabens Gaut. Continued federsd Furdong for the

Conwsetium s imperasive 1o feesin the erical mam.

st I cxpestioe it has deeeloped

in its nagring cfform 1w expand the sciemific bash for

w0il carbon sequetrson wsd improve pelaied mes-
H 4 A "




132




133

E.
.

Statement of the
American Farm Bureau Federation

TO THE SENATE COMMITTEE ON AGRICULTURE, NUTRITION
AND FORESTRY
SUBCOMMITTEE ON RURAL REVITALIZATION,
CONSERVATION, FORESTRY AND CREDIT

RE: ROLE OF AGRICULTURE IN CLIMATE CHANGE

May 21, 2008

00 Maryiard Ave. SW | Sute 1000W | Washisglon, DO 20004 | p 2022000800 | [ X02.400.3600 | wewhog



134

The American Farm Bureau Federation (AFBF) appreciates the opportunity to offer this
statement for the hearing record. We thank the Committee and Subcommitiee for holding
this hearning on the imporiant role that agriculture can play in addressing the issue of
climate change.

Legislation may soon be considered that seeks to address climate change by reducing
greenhouse gas (GHG) emissions. Any such legislation will impose additional costs on
all sectors of the economy as well as consumers, a fact that is of great concern to farmers
and ranchers. Agriculture is already significantly affected by volatile fuel and natural gas
prices, and we are concerned that climate legislation will raise the costs of energy and
natural gas ¢ven further to levels that make it uneconomieal to continue farming or
ranching. Unlike other producers in the economy, agricultural producers cannot pass
along the increased costs of production to consumers. [t is extremely important that those
costs be minimized to the greatest extent possible, Farmers are heavily dependent on the
price and availability of inputs such as fertilizer, which is already adversely impacted by
higher natural gas prices and the closure of many U.S. production facilities. A viable
agriculture sector includes viable fertilizer and chemical industries.

We are also concerned that climate legislation will severely undercut the ability of our
producers to compete in world markets. GHG emissions are a global issue with global
consequences. China is now the largest emitter of greenhouse gasses in the world.
Unilateral action that imposes cost increases on American producers without a
corresponding and similar commitment from other countries such as China, India and
Brazil among others will clearly put American producers at a competitive disadvantage.
Unilateral GHG reductions by the United States will have little impact on climate change
if other countries continue to emit as usual. It is essential that any legislation must be
contingent on GHG reduction commitments and actions by countries around the world,
especially countries with high GHG emissions.

According to the latest Environmental Protection Agency (EPA) “Tnventory of U5,
Greenhouse Gas Emissions and Sinks: [990-2003, " agriculture accounted for about 7.4
percent of all GHS emissions in the United States. Agriculture has the pote: tial to
reduce these emissions, and also to provide net reductions in GHG emissions from other
sectors. There are a mamber of ways this can be accomplished: removing carbon dioxide
from the atmosphere and storing it in the soil, reducing emissions through manure and
soil management, and the production of biofuels.

EPA estimates that agriculture and forestry have the potential to sequester about 20
percent of all GHG emissions in the United States. According to the Pew Center on
Global Climate Change, “every tonne of carbon added to, and stored in, plants or soils
removes 3.6 tonnes of CO2 from the atmosphere.™ Sequestration potential can be
realized or enhanced through the planting of cover crops, or adopting different farming

practices or management. Unlike with other sectors where carbon reduction efforts are

1= priculture's Role in Greenhouse Gas Mitigation,” Pew Center on Global Climate Change (2006)
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from that sector, soil sequestration is not a reduction in agricultural carbon, but actually
removes carbon dioxide from the atmosphere.

Soil sequestration can occur through a change in agricultural practices that might include
reduced tillage or no tillage practices. Soil must remain untilled or else the sequestered
carbon will escape. Carbon sequestration contracts would therefore prevent the
landowner from tilling the soil for the specified period of time. After 20 or 30 years,
soils become saturated with carbon,

Livestock GHG mitigation activities involve the capture or destruction of nitrous oxide
and methane, primarily as a result of manure management or more efficient livestock
feed, In cases in which liguid manure 15 stored in lagoons, covering those lagoons can
reduce GHG emissions. Anaerobic digesters capture and break down GHG from
livestock waste, and in some cases can convert it lo energy, a seemingly ideal GHG
strategy because it further reduces reliance on fossil fuels. Unlike the soil sequestration
scenano, these mitigation measunes arg more permanent.

Fertilizer and pesticide management is another area where GHG reductions can be
achieved. Many of these practices have either been recognized or are in the process of
being recognized. New technology is improving fertilizer and pesticide management.

All of these mitigation practices involve costs for the producer. Many of these practices
are expensive, and cannot be bome by the average producer in the normal course of
business.

Omne additional consideration that makes agriculture unique is the fact that these carbon
reduction or sequestration practices also have other desirable environmental benefits for
the producer and for society. For example, the Conservation Reserve Program, which
involves setting aside erodible lands and planting a cover crop (thereby sequestening
carbon), has as i1s primary environmental benefit the prevention of soil erosion and
enhancement of water quality, and may also create or improve wildlife habitat. Carbon
sequestration is a new and important co-benefit of this program. Many other pro; rams

have similar environmental benefits, and carbon reduction or sequestration is a corollary
benefit.

That is why many farmers and ranchers have already adopted some of these practices and
have been reducing or sequestering carbon without specifically managing for it. These
“early adopters” should not be excluded from recognition just because they have been
engaged in these practices for a longer period of time.

In addition, we are outlining below a series of principles that we believe must be included
in any bill:

1. Mo Carbon Tax. One approach being considered is to impose a specified tax on
the right to emit a determined amount of GHG. This “carbon tax™ is a punitive
methed for regulating entitics that muost emit GHG in order to produce the goods,
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services, food and energy that sustain us, It does not directly reduce GHG
emissions, but accomplishes this indirectly by imposing financial burdens that are
s0 high that a reduction of GHG emissions is the result. Legislation being
considered would create a “cap and trade™ approach that limits the amount of
GHG that can be emitted every year on a declining scale. [t creates a market
under which entities that cannot meet their assigned cap can buy allowances from
others that have excess credits. Excess GHG emissions thus would be “offset”
through the purchase of credits from carbon-reducing or carbon-sequestering
projects, such as the types of agricultural projects described above. AFBF has not
taken a position on any cap and trade proposal, but we are reviewing the
economic impact of that approach.

- Legislation should not regulate agricultural practices or gperations. Most
legislation being considered would regulate GHG emissions from one or more
sectors. There are a number of reasons why agriculture must not be so regulated.
Unlike other sectors, agriculture is comprised of tens of thousands of entities,
many of them operated as small businesses, which would make tracking and
enforcement of emission limits difficult. In fact, measuring emissions from any
agricultural operation is extremely difficult in and of itself. Part of this is due to
the fact that agricultural aperations vary greatly across the country, and even from
county to county. Crops, soil types and weather conditions—all conditions that
can affect GHG emissions—vary so much that uniform rules, farming or ranching
management practices and protocols are impossible.  Also, a regulatory regime
will not capture the added benefits that agriculture can provide through soil
sequestration that are above and beyond agricultural emissions. The better and
more practical approach is to encourage producers to engage in GHG reduction or
sequestration prajects that fit their operational needs instead of trying to require
such activities.

. Any legislation should ensure that farmers and ranchers can continue producing
the food and fiber that feeds our nation and the world. We are concerned that

climate legislation v il severely impact farmers and ranchers by raising fuel,
fertilizer and energy costs — which already are at historic highs — to levels that
will make it uneconomical to farm. The GHG mitigation opportunities that we
have been discussing are not available to all producers, such as those in western
states that raise livestock on federal lands. Also, many producers have already
adopted management practices that reduce or sequester carbon. Instead of being
recognized for their early actions, current legislation does not permit them to
participate in offsets. Climate legislation needs to consider all of agriculture.
Current legislation provides a possible mechanism for such assistance 1o
producers through allocation of a certain amount of allowances. It is critical that
this provision remain intact and become more focused to address the needs of
agriculture.

. In any legislation that would establish a cap and trade system for the regulation of
emissions, contributions that agriculture can make to carbon reduction and
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sequestration must be available to help offset the reductions imposed on regulated
industries by the cap, As carbon emissions become regulated through a cap that
declines every year, those entities that are subject to emission allowances will
incur costs to comply. These costs can be partially offset by buying “offset
credits™ that involve carbon reductions or sequestration by non-regulated entities.
Economic models show that, at least initially, buying offsets will be cheaper for
regulated entities, and thus will reduce the economic impacts to consumers who
will ultimately bear those impacts. Use of offsets will ease the transition by
regulated entities and consumers, Agricultural offsets should be included in the
range of offset projects available to regulated entities. Many agricultural offset
projects provide a number of other environmentak-benefits than just carbon
reduction or sequesiration, so using these domestic agricultural projects to offset
the economic impacts of declining carbon emission allowances will provide
wildlife habitat benefits or clean water or so1l erosion reduction benefits as well.

. Any cap and trade legislation should fully recognize the wide range of carbon
uction or § i nefits that agriculture can provide. Virtually every

sector of agriculture has the potential to provide carbon reduction or sequestration
benefits to help offset the costs of compliance with reducing carbon emission
allowances. Many of these practices and methods are descnibed above. Tillage
practices can sequester carbon dioxide in soils, and forestry practices can also
sequester carbon through planting trees and vegetation. Fertilizer and pesticide
management can help reduce nitrous oxide and methane. Livestock manure
management can reduce methane and nitrous oxide through practices such as
covering manure lagoons or using anaerobic digesters. The only limits seem to be
the creativity of farmers, ranchers and carbon project managers. Some manure
management projects that capture methane from livestock operations use the
captured methane as an energy source to run the operation, thus reducing fossil
fuel use. These projects should also be “credited” and available as offsets.  All of
these practices reduce or sequester carbon or carbon equivalents, and all of these
agricultural methods should receive “credit™ for offsetting carbon emissions
elsewhere in any cap anc trade system that might be developed 1n the United
States.

. Cap and trade legislation should not artificially limit the amount of credits
available 1o offset carbon emissions. Legislation being considered this year
provides that regulated industries may not offset carbon emissions in order to
meet yearly compliance obligations by more than 15 percent from domestic
credits or 15 percent from international credits. Such an artificial cap would
discourage producers from entering into carbon reduction or sequestration
projects in a timely manner. Producers would be inclined to wait until offsets
become available before advancing their projects. The cap creates a perverse
incentive for project managers to wait until offsets become available for the
market instead of undertaking the projects when they become available. The EPA
economic analysis of current legislation under consideration indicates that the
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economic impacts of such legislation to industry and consumers will be less if the
caps on domestic and international offsets were removed.

ive the

inistering agricultural offsets other c i0m O i
projects.  The Department of Agriculture (USDA) has both the institutional
resources and technical expertise necessary to effectively administer any carbon
offset allowance program. USDA has developed methods for measuring carbon
in different types of soils. USDA also understands the needs of producers and can
work effectively with them to develop projects that meet the needs of the cap and
trade market as well as the needs of producers. Current legislation also gives
USDA the responsibility for administering the allowances allocated to agriculture.

Criteria for offsets should recopnize the unique nature of agriculiure, Current
legislation requires, in order to qualify under a cap and trade system, that offsets
be real, verifiable, additional, permanent and enforceable GHG reductions or
increases in sequestration. 'We have no dispute with any of these requirements,
but flexibility is needed in interpreting what is “additional” and “permanent” in
relation to agricultural GHG reduction or sequestration projects. Many
agricultural projecis also provide a number of environmental and economic
corollary benefits as described above. Making a determination that the sole
purpose of the project is reduction or sequestration of carbon, as required for
additionality, is often difficult. Projects that reduce or sequester carbon should
satisfy the requirement even if there are other co-benefits or other reasons for
undertaking it. Similarly, what constitutes “permanence” for a sequestration
project should be flexibly apphed.
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Madam Chairman and Members of the Subcommittee:

Glabal climate change is one of the most pressing issues facing our nation, As the single
largest user of both of land and water resources, American agriculture has a significant
impact on the quality of our environment. Agriculture also is one of the most cost
effective ways to improve our environment. So U.S. farms and ranches must play a vital
role in helping solve climate change for the LS. to achieve the most cost-effective and
environmentally sound solutions. For this reason, American Farmland Trust (AFT)
appreciates the opportunity to provide written testimony on the topic of “Creating Jobs
with Climate Solutions: How Agriculture and Forestry Can Help Lower Costs in a Low-
Carbon Economy”. While we generally support the approach taken by the Senate
Environment and Public Works Committee embodied in 5. 2191, we wish to offer
several suggestions for how it and the “manager’s amendment” to 5 2191 to be offered
by Chairman Boxer® (hereafter referred to as “the Boxer amendment”) could be
improved to increase participation by farmers and ranchers and achieve more
reductions in green house gases.

Support for Lieberman-Warner Approach to Climate Change Legislation

We support the approach to addressing climate change and the following specific
elements of 5 2191, “America’s Climate Security Act of 2007," sponsored by Senators
Lieberman and Warner:

« Acknowledgement that global climate change induced by increasing concentrations
of greenhouse gases in the atmosphere is real and must be addressed.

+  The creation of binding, declining caps on major point-source emissions of
greenhouse gases,

* The voluntary approach taken with regard to regulation of the agriculture sector.

* The opportunities offered to U.S. agriculture to help the nation to reduce its
emissions of greenhouse gases, These opportunities, which could amount to billions
of dollars per year in new revenues for farmers and ranchers, include:

1. Potential to provide real, low-cost emission reductions and sequestration
through the “Domestic Offset Program;” and

2. Prospect of receiving compensation for changes in management practices
that reduce or sequester greenhouse gases through the “Agriculture and
Forestry Program” to be administered by USDA.

Suggestions to Increase Participation by Agriculture

Madifications to the USDA Agriculture and Forestry Program

* &s posted on the Environment and Public Warks Committee website May 21, 2008.
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The inclusion of a USDA Agriculture and Forestry Program in addition to the Domestic
Offset Program is critical to helping agriculture provide cost-effective, verifiable offsets
to help address climate change. We urge you to consider the following options for
modifying the USDA Agriculture and Forestry Program established under Sections 331
and 332 of the Boxer amendment to 5 2191,

First, in addition to the uses established under these sections, early actors in agriculture
whose reduction and sequestration activities have been undertaken voluntarily, should
be recognized and rewarded. We need to recognize and reward early leaders in
conservation practices. As with regulated greenhouse-gas emitting entities who gualify
for early action credit, many farmers and ranchers have been and continue to manage
their operations in climate-friendly ways. Providing some reward for early actions
through the USDA Agriculture and Forestry Program could help to ensure that the
creation of new programs to encourage additional emission reductions and
sequestration of greenhouse gases in the agriculture sector does not provide a perverse
incentive to reverse the gains that these early actors have already made.

Second, the USDA Agriculture and Forestry Program could become the vehicle for
encouraging emission reduction and sequestration projects that otherwize are
prohibitively expensive to implement, measure, monitor, and verify. These projects,
which may not be undertaken under the Domestic Offset Program because of high
overhead or administrative costs, could still provide significant public benefits and we
urge you to consider promoting them through the USDA Agriculture and Forestry
Program.

Third, the USDA Agriculture and Forestry Program has the potential to function as an
incubator to develop robust data and methods for implementing and verifying novel or
untested projects. Owver time, some of these project could become replicable and
verifiable enough to transition from the Agriculture and Forestry Program into the
Domestic Offset Program. In addition, USDA staff, through the USDA Agriculture and
Forestry Program, could offer advice and technical assistance to projects or producers
attempting to qualify for Offset credits,

Fourth, we believe that the Secretary of Agriculture should have the maximum amount
of flexibility to use the emission allowance credits distributed to USDA for the purposes
of the Agriculture and Forestry Program in the most effective manner possible. This
includes the option to redistribute these allowance credits directly to farmers and
ranchers qualifying for the Program, as well using revenues generated from sale of these
allowance credits for implementing the Program.

Finally, we regret that the Boxer amendment has reduced the level of support for the
USDA Agriculture and Forestry Program from 5 percent of total emission allowances to
the level of 4.25 percent through 2030 and 4.5 percent thereafter. This will reduce the
overall reductions in greenhouse gases. As indicated, this program could play a number
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of critical roles preserving the gains that have already been made and in encouraging
cost-effective sequestration and emission reduction in the agriculture sector, as such we
believe that the level of allowances should not have been reduced.

Inerease Role for USDA in Domestic et ram

We urge you to strengthen the role of the U.S. Department of Agriculture in
administering the Domestic Offset Program. USDA has a track record of working with
farmers to adopt conservation practices as well as studying and modeling carbon
sequestration on agricultural lands. In addition, USDA has developed resources on the
ground in nearly every county in the nation; these resources provide a solid base that
will allow USDA, in partnership with EPA, to effectively implement the Domestic Offset
Program. Further, the 2008 Farm Bill requires USDA to develop an eco-system services
methodology for trading systems, with specific reference to carbon. Finally, thanks to
years of implementing agriculture and technical assistance programs, USDA has earned
the trust of farmers and ranchers. This reserve of trust and understanding of how and
why farmers modify their farm management practices will be an essential factor in
encouraging the maximum possible participation in the Domestic Offset Program.
Ideally, USDA should be given primary management responsibility over the Domestic
Offset Program with EPA acting in @ more secondary capacity.

As a corollary to an increased role for USDA, it is vital that language which would
precluding any project that receives support from either an allowance allocation or a
conservation program from eligibility for offsets be changed. While we appreciate the
need to avoid "double-counting”, the breadth of language used is not necessary, and is
in fact counter to current UWSDA policy. As currently designed it is unclear whether
producers who even receive technical support from USDA would be eligible for offsets
for example. While there may well be a reasonable balance, we hope that there will be
language that clarifies and positively addresses this concern as you consider this and
future cap-and-trade legislation.

Caps on Domestic Offsets

First, we appreciate the addition of a provision in the Boxer amendment that would
allow the unused portion of the offset pool to “carry forward” to the next calendar year,
This will provide some needed flexibility for offset providers, particularly in the early
stages of the program.

Second, the Domestic Offset Program has been touted as a key cost-control mechanism
in the Lieberman-Warner approach to cap-and-trade. We believe that it is crucial that
the cap on domestic offsets be carefully examined and raised or lowered to encourage
the maximum amount of emission reduction and sequestration from agricultural and
forestry operations. We urge you to consider carefully whether a cap of 15 percent of
the total allowance poal is truly the best design for achieving maximum greenhouse gas
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reductions. The cap may limit agriculture and forestry participation, particularly in later
years as the cap declines just as more producers are likely to seek to enter the offset
market, EPA data seems to indicate that agriculture could provide a larger amount of
offsets than would be found under a 15 percent cap.

Finally, we are concerned that proven, cost effective agriculture offset and
sequestration projects may not be undertaken because of competition from forestry
projects. One way to achieve the maximum opportunity for agricultural projects and
innovations while retaining flexibility in the system, is to adopt a split offset cap. The
split cap would require that half of the offsets in a given year be derived from
agricultural prajects and half from forestry, If in any year either the forestry sector or
the agricultural sector is unable to fulfill its portion of the offset pool, credits from the
other sector could be used to “top off” the overall domestic offset pool.

Include other USDA agencies in Climate Adaptation Program

Many studies have documented the risk to U.5. agriculture from the effects of climate
change. Our food production system is more dependent on weather and natural
processes than any other industry and thus more at risk than nearly every other industry
from the effects of climate change. Increasing variation in rainfall patterns, changes in
the freguency of severe weather events, expanding pest and invasive species territories,
and changing temperature and seasonal patterns all require new approaches to
agricultural management.

5 2191 provides support for international climate change adaptation assistance for
drought, famine, shifts in agricultural zones, and other food-related effects of climate
change. It is likewise critical to fund research and adaptation assistance for similar
activities within our own borders,

US0DA can play a crucial role in helping our food system to adapt to climatic changes that
already are taking place or which cannot be avoided no matter how quickly we act to
reduce greenhouse gas emissions. Conservation practices implemented through USDA's
NRCS conservation programs can help create more robust cropping and ranching
systems that stand up to weather events like prolonged drought, intensified
precipitation events, changing pest and invasive species patterns, and much more.
Research undertaken by USDA Agricultural Research Service can help uncover the
effects of climate change on agricultural operations and devise effective management
techniques to adapt to effects of climate change. Technical Assistance services provided
by USDA can help producers adopt best management practices in light of observed and
expected effects of climate change. However, as currently constructed, these USDA
programs are not recagnized in a Climate Adaptation Program. We strongly support
their inclusion as you consider this and future cap-and-trade legislation.

Stackable Credits
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Many of the practices undertaken to reduce greenhouse gas emissions will provide
additional public benefits such as clean water, wildlife habitat, and reduced soil erosion.
We urge you to ensure that projects participating in a greenhouse gas offset market are
not excluded from also participating in other markets for environmental services that
currently exist or may arise in the future. Allowing producers to “stack” or “bundle”
credits will maximize the economic viability of carbon sequestration and manure
management projects (among others), ensuring that more of these beneficial projects
are undertaken and synergies with other environmental priorities, like improving water
quality or wildlife habitat, are developed. For example, a practice like cultivating
vegetative buffers along streams takes land out of production — an expensive
undertaking for many farmers - but could generate multiple environmental credits by
reducing nutrient run-off {improving both water quality, generating wildlife habitat and
reducing GHG emissions) and storing carbon. We strongly support language that would
allow for “stacking” of credits from multiple eco-service systems and hope that there
will be language that expressly allows for their inclusion as you consider this and future
cap-and-trade legislation.

Other Critical Issues in Designing Effective Agriculture Components of Cap and Trade

In addition to the issues above, there are several other critical issues that we hope to
continue to work with you to resolve. These issues include:

Additionality- Setting a practical and fair process for determining additionality and
baselines is a critical issue which we believe has not yet been resolved to the
satisfaction of all affected parties.

Permanence- Addressing the potential for reversal of terrestrial offsets in a manner that
is fair, economical, and scientifically sound is a significant challenge that we look
forward to assisting the committee to resolve.

Leakoge- As with the issues above, secondary effects from offset projects that result in
leakage must be addressed in a way that does not unnecessarily diminish the value of
offset projects. We believe there are several avenues for addressing this issue and look
forward to working with you to resalve this issue in the future.

Farmiand Protection- We have known for some time that the destruction of farm and
ranch land to erect housing or other development can increase greenhouse gas
emissions dramatically. Moreover, farms, ranches, and other open space that has been
paved over can no longer provide a myriad of environmental benefits to society, not the
least of which is the sequestration of greenhouse gases. We look forward to working
with the committee on solutions that can help reduce the conversion of farmland to
development and preserve our working lands so they can play a positive role in reducing
our nation’s overall greenhouse gas emissions.
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Conclusion

As the single largest user of both of land and water resources, American agriculture has
a significant impact on the guality of our environment. It also is one of the most cost
effective ways to improve climate change. This Committee’s engagement and the
agricultural communities active participation in climate change discussions will be vital
in helping both to solve this most pressing issue as well as ensure agriculture takes
advantage of it's opportunities. We thank you for your attention to this important
matter and look forward to working with you in the future to help design a cost-
effective, agriculture-friendly, and environmentally sound program to address global
climate change.
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The American Soybean Association {ASA) thanks the subcommittee for holding this hearing o
examine the role that agriculture can play in addressing climate change and we appreciate the
apportunity to offer this statement for the record.

The issue of climate change and efforts to address it has rapidly emerged on the federal policy
agenda. The full Senate may consider in a few weeks 5. 2191, America s Climare Security Act of
2007, sponsored by Senators Licberman and Warner. ASA has not taken a position on the bill,
but is working with other agricultural groups fo analyze the impacts that a mandatory emissions
cap and trade framework would have on farmers and the agricultural industry, We strongly
support a voluntary, non-regulatory approach, which is reflected in the current version of 8.

2191, ASA recently joined with other agricultural groups in sending a letter to the Chairwoman
and Ranking Member of the Senate Environment and Public Works Committee, which has
primary jurisdiction over the climate change legislation. Our letter outlines some of the general
views and principles for agriculture under potential climate change legislation,

This Senate Agriculture Subcommittee hearing is the first (o specifically examine the potential
henefits of agriculture and forestry practices as offsets within a framework to limit greenhouse
pas (GHG) emissions. We appreciate the committee’s recognition that agriculture can play a
significant role in addressing climate change through carbon sequestration and emissions
reductions. We also want 1o highlight several issues that agriculture will be evaluating as
greenhouse gas cap and trade legislation is considered.

Qur first priority will be determining the costs and any adverse impacts on soyhean producers
and related industries. We must ensure that agriculture remains economically viahle and that
U.8. soybean producers can compete with foreign production. It is imperative that a voluntary,
non-regulatory approach be maintained toward agriculture. In addition, increased fuel, natural
gas, and fertilizer costs that will result from enactment of a cap and trade bill may be significant.
While there is great potential for agriculture to benefit under the offset allowance program, it is
eritical these gains not be negated by rising energy and input cosls.

Our next focus is on the potential oppaortunities that a cap and trade framework for reducing
GHG emissions can have for soybean producers. In the near term, carbon sequestration projecis
on agricultural lands are a readily available means of reducing greenhouse gas emissions. The
United States Environmental Protection Agency (EPA) estimates that agricultural and forestry
lands can sequester 20 percent of all annual greenhouse gas emissions in the United States. Itis
estimated thal carbon sequestration on agricultural lands currently offset approximately 1 percent
of all LLS. greenhouse gas emissions.

This presents an opportunity for agricultural producers 1o benefit economically, but the benefits
to agricullure hinge upon the legislative details to be resolved surrounding a cap-and-trade
system, mitigation requirements, and the functioning of relative credit markets, Given these
opportunities, ASA wants to ensure that any agricultural offset program is crafted in a manner
that will maximize agriculture’s participation and achieve the greatest greenhouse gas reductions,
Principles to consider that would help maximize agricultural participation include:

No Cap an Use of Domestic Offset Allowances

We believe it is unwise and market-distorting to cap domestic offset allowances that a covered
enlity can use lo meet its yearly obligation. Our goal should be to remove as much greenhouse
gas from the atmosphere as possible. A cap could prevent legitimate carbon sequestration and
emission reduction projects from occurring. Al a minimum, the cap on domestic offsets should
sel at a level to ensure all domestic offset projects on agricultural lands qualify. In addition, to
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ensure that both agriculture and forestry have a role to play in providing domestic offsets,
separate caps for agriculture and forestry projects should be established,

Establishing Carbon Sequestration Rates

Tt is seientifically proven that agriculiural soils sequester carbon. Accurate technologies are
available to measure soil carbon content, but they are costly and time consuming. Strides are
being made every day to refine measurement and verification of soil carbon sequestration to
make it less cumbersome and costly. USDA continues to develop carbon modeling tools such as
the Carbon Management Evaluation Tool - Voluntary Reporting (COMET-VR) that are designed
to determine changes in soil carbon sequestration. While further refinements must be made, we
believe a properly constructed science-based model that includes statistically relevant random
field assessments will help maximize agriculiure’s carbon sequestration potential. 'We believe
Congress should expand the role of USDA in developing an effective modeling program to
measure carbon sequestration on farms.

Designating USDA rto Administer Agricnlieral Climate Change Frograms

We believe the United States Department of Agriculture (USDA) has both the institutional
resources as well as the technical expertise necessary to effectively administer any offset
allowance program. Through the Natural Resources Conservation Service and the Farm Service
Agency, USDA has a track record of working with farmers as well as studying and modeling
carbon sequestration on agricultural lands.

Recognizing Early Actors

Agriculture is always evolving. As technologies improve, farmers are converting to altemative
tillage practices such as no-till or ridge-till. They are reducing fertilizer rates. Producers that
have taken these steps should not be disadvantaged by being excluded. We believe carly
adopters in agriculture should be eligible for participation in the cap and trade market.

Stackable Credits

Many of the practices underiaken to reduce greenhouse gas ernissions will provide additional
public benefits, such as clean water, wildlife habitat, and reduced soil erosion. We urge you to
ensure that projects participating in a greenhouse gas offset market are not excluded from also
participating in other markets for environmental services that currently exist or may arise in the
future. Allowing producers to “stack™ eredits will maximize the economic viability of carbon
sequestration and emission reduction projects ensuring that more are undertaken and synergies
with other environmental priorities are developed.

Conclusion
Again, ASA thanks the subcommittee for holding this hearing to examine the role that

agriculture can play in addressing climate change and we appreciate the opportunity to offer this
statement for the record.
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Chairman Stabenow:

The Business Council for Sustainable Energy appreciates the opporiunity 1o submit the following
testimony for the Subcommities hearing on Crealing Jobs wilh Climate Solutions: How Agriculture and
Foresiry Can Help Lower Costs in a Low Carbon Economy.

The Business Council for Sustainable Energy is a broad-based coalilion that represents companias and
trade associations in the energy efficiency, renewable energy and natural gas industries. Members
include power developers, equipmeant manufacturers, independent generators, retailers, green power
marketers, and gas and eleciric ulfiities, as well as several ol the primary trade associations in the
rengwable energy, energy efficiency and natural gas industries.

The Council and ils members have been working consislenlly with state, federal and infemational
policymakers on markel-based measures o reduce greenhouse gas emissions since its inception in the
oarly 1990s. The coalition supports the establishment of market-based programs for clean

energy technology innovation and deployment, economic efficiency and enhanced energy security.

The Business Council supporis the inclusion of & robust offset program in federal climate legisiation,
including 52191, the Lisberman-Warmer Climate Security Act, cumently pending in the Senate, A robust
offsel program provides incentives for deployment of greenhouse gas emission reduction projects and
activities cuiside capped seclors, including projects in the agriculture and forestry sectors of the
BConomy.

A robust offset program would expand the reach of the program and minimize overall compliance costs
far the sconomy &5 a whola. In ils recent analysis of 5.2181, the Emvironmental Protection Agency
supporied this conclusion. For example, EPA's anslysis concluded thal if no international or domestic
offsets of any kind were allowed, allowance prices would increase by 92% compared to 5.2191 as
written. Allowing the unlimiled use of domestic offsets alone can reduce the prices of allowances by 26%
comperad to 5.2191 as written, and allowing the unlimied uso of domestic offsel allowances and
international credits can reduce allowance prices by 71% compared to 52191 as wrilten.
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Considering the value of the cost containment banefits of offsets, the Councl recommends designing &
program that promofes broad use of offset allowances o achieve compliance under a federal climate
changa program.

A Robust Offsef Program can Help the LL5. Mare Quickly and Cost-Effectively Reduce
Groenhouse Gas Emissions

The abiity for entilies to generate and purchase offset allowances is an essential feature of a market-
based approach to reducing greenhouse gas (GHG) emissions. Under a compliance affsel program,
covered entilies are permitied to help meet their obligation 1o reduce GHG emissions by purchasing offset
allowances generated from projects or activities that fall cutside ihe scope of an emissions cap, This
fiexdhility provides covered entities with the abllity to achieve needed emission reductions at the lowes!
cost. While the Council encourages covered entities to underake’intarmal emission reduction activities
such as deploying renewable enengy and energy efficiency to the greatest exlent possible, our membsers
recognize offsel purchases as an important complementary tood to help coverad antities manage
compiiance costs, widen the scope of enviranmantal benefits and lower economic costs for enangy
CONBUMETS,

By creating the marke! eppodunity lo generale offset allowances and by providing covered entities with
the: ability to purchase offsets, the U.S. can more quickly and cost-effectively reduce GHG emissions
across a broad spectrum of the econamy. In addition, an offset program promotes the deployment of
valuable existing clean technologies that reduce emissions, and faciiates addtional and positive
environmental, social, and economic benefits.

As with other aspects of market-based initiatives to address climale change, the details and struciure of a
federal compliance offset program will play a critical role in determining successful implementation, as
well as achieving desired GHG emission reductions. The Councll befieves thal ensuring the
envirgnmiental inbegrity of offset allowances is essential in order 1o meel desired emission reduction
levels. Real and addifional offsels must be the standard for program integrity. Independent, third-party
maniloring and verificalion requirements are also necessary o ensure that GHG emission reductions are

didivered.
Council Recommendations for Design of an Offset Program

Leveraging the experience of our members in rengwable and low-carbon energy generation, chean enangy
fechnology, and project developrent, the Council has suggesied a number of modifications to the
following provisions that pertain to offsel allowances under 5.2181. We offer them here, before the
Senate Subcommittes on Rural Revitalization, Consarvation, Forestry and Credil, as you contemplate the
mpact of the legislative provisions on the agriculture and forestry commumity.

Of note, as a diverse business coalition, nat all Council members endorse or take positions on the set of
proposals listed below,

1. Approved, verifiable offset allowance purchases made prior to enactment of 5.2181 should be
aligible for early action credit

5.2181 should be amended 1o allow covered enlities thal have purchased approved, verifiable offset
aflowances lo be eBgible for early action credit under Title |1, section 3202, which pertains to he
aliocation and destribution of allowances,

Rewarding the efforts of coverad entilies that purchasa offset allowances prior to implementation of a
mandatory federal program sends clear market signals to facilitate development of projects that reduce
GHG emissions. It also provides an incentive for covered entities o reduce emissions as soon as
jpossibla, aven before implementation of 8 mandatory program.
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To recognize early action, Section 3202 contains provisions to allocate allowances 1o covered entities
which have made voluntary reductions in GHG emissions under astablished voluntary programs outlined
in the legisiation, The Council supports this early action allowance allocation, or early action credit;
howaver, we believe this section needs to be axpanded. Spocifically, the Council believes that, in
addition to allocating allowances to enlities thal have made voluntary reductions enlity-wide, Section 3202
should be amended to state thal coverad entifies which have purchased and refined offset allowances
under & voluntary offsel program deemed eligible by the Administrator should also be elgible for earky
action credit.

To provide cerainty about which offsat allowances may qualify for early action credit, lhe Council balieves
Section 3202 should be further amended to direct the Administrator to consider offsel allowances
purchased and credibly retired under existing voluntary offset programs oulfined in Section 2408(b)1).

2. Approved offset projects should be eligible to ganerate offset allowances for a guaranteed
crediting period

Approved projects should be given the flexdbility to generale offset allowancas for either a defined 10-year
period on the basis of a fixed, ax-ante baseline and initial addifionality assessmaent, or for a 7-year
crediling period with the option to apply for renewal. In the case of forestry offset allowances, projocts
should be credited for, al minimum, a 30-year period. Approved projects should accrue offset allowances
on an annyal basis, This accrual showld occur at the end of each year thal a project undergoes
sucoessful, independent verification of its performance,

The Clean Development Mechanism (CDM) under the Kyolo Protocol maintains a workable approach in
which offset projects are allowed 1o generate credits for a mult-year, ye! limited period of time. Similar
crediting approaches have been adopled under the Regional Greenhouse Gas Initiative and the
California Climate Action Regisiry. Based on these existing appeoaches in reguiatory and voluntary affsed
programs, the Council believes thal Section 2405, which pertaing to affsel veriication and issusnce of
allowances, should be amended to clarify thal approved offsel projects be allowed to generate offset
allowances on the basis of a multi-year crediling period. The Council recommands that project sponsors
be aliowed lo choose either a one-tima 10-year craditing period, or fo choose a T-year crediting period,
after which they may re-apply to the Administrator for crediting. In the case of forestry offsets, projects
should be credited for, at minimuwm, a 30-year period.

A 10-year crediting period is critical to some projects to enhance project revenue and enable project
developars to secure valuahle dabt financing for projects, while a T-year, renewabla crediting period may
be more workable for other types of projects. In the case of forestry, a longer crediling peried reflecis ihe
nalure of these projects as requiring an extended invesiment of time in order to generate long-lasting
emission reduction benefits.

3. Review and approval of an offset project’s additionality and emissions baseline should only
occur ance per crediting period

Seclion 2405 should be amended to clarify that, while an offsel project should be monitored annually over
the course of a crediting period by an independent, third-party verifier to ensure that the project mests
required standards of performance, the assessment of additionality and determination of an emissions
baseline should enly occur once per crediting period, The assessmant of additionality and determination
of an emissions basefine should occur at the time a project ks assessad for approval.

To mest GHG emission reduction requirements, offset allowances must be generaled by projects oulside
of the cap that adhere to rigorous standards that ensure that the emission reductions achieved are real,
independently verified, permanent, enforceable, transparent, and additional, The terms “addftional” and
“additionality,” as defined in saction 4{1) of the Bill, relale to the extent to which reductions in GHG
emissions, or increases in sequestration, are not legally required and are incremental to business-as-
usual practices.
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The Council supporis the need to periodically review and update approved offsel project types, and the
mathodologies for determining the project basaline and method of calculating emissions reductions. This
is important to ensure thal offsel alfowances continue to be generated from activities thal would not have
happenéd under a business-as-usual scenario. There are B variety of factors that can be used to
dedermine the additionality of offsets, such as performance standards and “tesis” set forth in the Worid
Resources Institule’s Greenhouse Gas Protocol for Project Accounting and the United Mations
Framework Comvention on Climate Change’s Tool for the Demonstration and Assessment of Additionality
(Version 03). As per the currend language of 5.2181, the Council supports implementation of pra-
approved standards (performance andlor project-based, as appropriate) for projects and activities that
promate certainty for offset project developers, as well as administrative efficiency and transparency
within the regulatory systam.

To foster devetopment of offsel projects, investors mus! have the confidence thal approved projects will
be eligible to generate offset allowances for & multi-pear period arfd thal an additionality delesmination
made al the time of approval remain vaiid foc that perigd, There will be & significant delerrent 1o
invesiment in, and the developmeni of offset projecis, If, in the course of annual emission redwetion
wverifications, a project may also be subject to being invalidated as the resull of 2 baseline re-assessmeant.
Project developers and covered entilies will be daterred from investing in projects that annuslly ren the
risk of being disqualified for offsel allowance generation, since these many of these projects rely partially
upon the revenue from the sale of offsel allowances over time 1o be financially atiractive.

The rationale behind the approach of assessing additionality once in the course of a fixed crediting period
is that owver the course of an offset program, as profects are developed and new practices emerge aver
fime, the additionality of certain project types or aclivilies may change. For example, govermments may
enacl new laws requiring praclices that wera not previously required. And as technology emerges and
business-as-usual practices evolve, project types that were once qualified fo be additional may no lenger
be additional. This is a sign of progress within an offset program, and il Is balanced by the fact that offset
projects ana bound by a limited crediting period. This approach ensures that approved offset projects can
penelil from the conlidence that offsel allowance generation is possible over a guaranieed time period,
and ensures thal the emdronmental infegrity of the program is presenved, as well.

The Council bebeves that the current language in Section 2405, which pertains to offset vedification and
the Issuance of allowances, should be amended to clarnify that, while offset projects should be monitored
annualty by an independent, third-party verifier to ensure delivery of real emission reductions, the
assassment of additionatity and delermination of an emissions baselfine will only ocour once per crediting
period. Such additionalily and basaling delermination should take place at the time an offsel project is
reviewed for approval,

4, Covered facilities should be eligible to generate offset allowances from the implementation of
projects or activities that reduce emissions from uncovered sources

Saction 2403 of 5.2181 should ba amended o specify thal projects or activities implemented o reduce
GHG emissions from uncovered Sources wilhin a covered antity be eligible for offset allowance
generation.

Section 2403 oullines various project types efigible to generate offsed allowances. While the Council
supposts this provision, additional clarification is required to ensure that eligible project types that reduce
emissions from any uncovered sources within a covered facility — sources that are not incleded as part of
a covered facdity's emissions invenlory — are eligible to generate offset allowances, Withoul the abiity for
covered entities 1o generate offset aliowances from these uncovered sources, these emissions — such as
fugitive emissions from natural gas pipefines — will go unmitigated. In addition, by allowing covered
enliies to generate affset allowances from uncovered sources, the market will benafit from the learning
EXperience associated with such project and technalogy implementation, and may help to make it mone
feasible to include such sources of emissions in coverad facilities” emisssons inventories at a later data.
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5. Verified, high-guality international offset allowances should be eligible for recognition within
an offset program, regardless of the location they are generated

5.2191 should be amended to allow covered entities to use international offset allowances or credits,
such as those recognized undar the COM of the Kyato Protocol, toward thedr GHG emission reduction
compliance requirement.

The Councd commends the authors of 5. 2191 for alfowing covered enfilies to use “mfemational emission
allowances” from a foreign greenhouse gas emissions trading market that has been certified by the
Administrator, Council members believe thal a federal market-based approach lo addressing climate
change should be Enked fo other domestic and infemational market-based programs thal incorporate an
offsel program, provided they are deemed to be of high-quality and envirenmental infegrity. i
climate change s a global chalenge and emission reduction activities that occur within and outside LS.
boundaries generate equally valuable environmental benefits,  ~

As curnently drafted, 5.2191 under Section 2502 (b} 1) requires that international offset allowances be
“issued by a foreign country pursuant to a governmental program thal imposes mandatory absolute
tonnage limits on greenhouse gas emissions”. As drafled, this provision would exclude the use of
Certified Emission Reduction (CER) credits issued under the COM. CERs are ganaraled in developing
countries thal do not have mandatory lonnage caps on GHG emissions. CER credils ara eniversally
recognized as high-quality offsat cradits that represent real, addilional, verifiable and permanent emission
reductions and which also help to promote suslainable economic and anvironmental devalogmaent in
countries throughout the world. '

Having access to CER credits generated under COM will play a significant role in reducing compliance
cosis for covered entities, which will help contain costs for the LS. economy as a whole, While allowing
the use of CERs for compliance purposes should not be constreed as a substitute for angaging
developing countries in emission reduction commitments, such effort will continwe to build the market for
emission reductions threughout the world, and will serve as a bridge (o engaging developing countries in
making futune reduction commitments. In addition, many projects deveioped under the COM employ
technologies and equipment manufaciured in the LS. The CDM marke! serves as a valuable
intermational business market for U.S. companies, while at the same time facilitating transfer and
daployment of clean technologies around the world,

6. The flaxibility for covered entities to use offset allowances to meet compliance obligations
should be maximized

Offsel alluwances play a valuable role in containing costs of a GHG e, ssion reduction program, To
ensune maximum Rexdbility inthe design of the program and facililale cost-containment, Section 2402 and
Section 2501 should be revised to allow covered eniities to utilize offseis domestically andior
inlemationally, to the exdent and proportion they deem most suitabla.

A robust offset program provides incentives for deployment of GHG emission reduchon projects and
activities outside capped soclors, expanding the reach of the program and minimizing overall complance
costs for the economy as a whole. Recent analyses, including from the Environmental Protection Agency
{EPA), support this conclusion. For example, EPA's analysis concliuded that if no inlemational or
domestic offsets of any kind were allowed, allowanca prices would increase by 92% compared to 52191
as wrillen, Allowing the unlimiled use of domestic offsels alone can reduce the prices of allowances by
26% comparad to S.2191 as writlen, and allowing the unlimited use of domestic offset alowances and
mtemational credits can reduce allowance prices by 71% compared o 5.2191 as writhen.

Considering the value of the cost containment benefits of offsets, the Council recommends designing a
program that promaobes broad use of offset alowances to achieve compliance under a federal cimate
change program, 5.2191 currently allows covered entities to meet wp to 15% of their compiiance
obligation with domestc offse! allowances (Section 2402), and up o another 15% with infernational
emision allowances (Section 2501), While our members have diffening views on the overall percenlage



154

of offsed allowances that coversd entities should be allowed to use, Council members believe that
covered entities showid have the fexibility 1o decide how 1o design thair offset portfolio, whatever
percantage Congress ulimately allows. In other words, capped entifies should have the flexibility to
chopse whelher, and in what proportion, offsel allowances are purchased lrom domeslic andfor
infernational sources, provided such offset allowances meet high-guality standards established by the
Administrater. The Councll also belioves inlernational offsets should include both international emission
allowances and project-based credits such CERs. Compliance costs will be contained Lo the greatest
extant possible If covered entities are provided with maximaem Bexibility to choose how 1o design heir
porticiio of offset allowances.

Independent of federal action on 5.2191, Congress should promote market certainty by
immediately authorizing the developmaent of the rules, oversight, and accounting mechanisms of a
federal compliance GHG offset program.

52191 effectively sets forth 2 framework whereby the Administrator and USDA will promulgate rules and
procedures establishing & compliance carbon offset program upon enactment of the legisiation. While the
Council recognizes that development of such a program will lake ime, the LS. economy would benefit
greatly If this work could proceed as soon a3 possible — even independently ol the passage of climate
change legisiation,

Since offsal projects can take years lo design and develop, covered entities and consumers will bemefif if
the federal gowernment can begin establishing the rules, oversight and accounting mechanisms of an
offset program. The federal govemnment can leam and build upon significant work accomplished to date
inemationally under the COM; under the federal EPA Climale Leaders Program; from regional programs
such as the Regional Greenhouse Gas Initiative and the Western Climate Initiative; and from state
programs such as the California Climate Action Regisiry.

Regulatory unceriainty is one of the largest cbstacles to new investments in low-carbon and clean energy
technalogy projects. Companies want to develop new offset projects, but are deterred by uncertainty with
respect to the types of projects and methodologies that will be recognized under & future federal
compliance pregram.  Companies that expect to be regulaled under a fulure dimate change program
want to bagin lo support offsel project development by purchasing offset allowances, but want the
asgsurance that thedr purchases made today will be recognized in some manner urder a future federal
program.

Develaping the fules, ascounting and oversight mechanisms of an offsel program thal could be
incorporated inlo a lederal climate change regime is nol contingent upon passing cap-and-trade
legisiation such as 52191, The U5, could get a significant head-star on reducing GHG emissions from
seciors oulside of a fulure cap by initiating a process to formally begin designing the sireciure and rules
of an offsat program. The Councll would be pleased to leverage the vast experiance of ils members on
offset issues and work with members of Congress to furthar develop this concapl.

For move information about the Councll, please visit: www.bese.ony
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Introduction

Carbon ( C ) eycling in agroccosystems has a significant impact at the global scale
because agriculiure occupies approximately 11%6 of the carth’s land surface, Itis
estimated that up 1o 8% of U.S. emissions could be offset by increasing the amount of C
sequesiered in agricultural cropland soils. The value of perennial agriculture systems,
such as orchards, are often overlooked with regard to their value in maintaining carbon
pools. Many orchard management practices, such as maintenance of a year round
orchard floor cover crop, use of poultry litter as a fertilizer source, ¢te, can enhance soil
carbon storage potential,

Plants remove carbon (as CO;) from the atmosphere through the process of
photosynthesis and store it in plant tissue. Unfil this carbon is eyeled back into the
atmosphere, it resides in one of 2 number of “carbon pools.” These pools include (a)
above ground biomass (e.g., vegetation) in forests, soils, farmland, and other terrestrial
environmenis, (b) below ground biomass (e.g., roots, micro-organisms), and (c) biomass-
based products (e.g., wood products) both while in use and when stored in a landfill,
Carbon can remain in some of these pools for long peniods of time, sometimes for
centuries. An increase in the stock of sequestered carbon stored in these pools represents
a net removal of carbon from the atmosphere.

After the first few decades of cultivation, soils reach a “new” steady state with respect to
C. Thus, efforts should be focused not only on maintaining soil C stores, bul primarily
on building up soil C stores. By their very nature, orchard systems offer an important
opportunity to increase these stores. A direct relationship exists between the
concentration of soil C and the annual addition of C to the soil,

Well managed commercial pecan orchards maintained in a healthy state can result in an
increase in organic C in the form of large amounts of biomass. Considerable amounts of
C are introduced into orchard soils on an annual basis as a result of annual leaf fall,
shucks, branches, and the retum of mowed sod and in many cases, clover to the orchard
soil,

Carbon Held Within the Pecan Tree

Based on results generated from a study in New Mexico, the following amount of C ean
be found partitioned throughout a mature (15 year old) pecan tree:

All figures are expressed as kg Cltree/vear
Trunk Branches Leaves Husks Pecans Ronts Total
17 111 64 10 28 24 254

As much as 49% of the fixed C remains in the tree following pecan harvest/consumption
and decomposition of leaves, shucks, sticks, etc.:
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From these figures we can estimate that pecan trees are capable of fixing approximately
125 kg C per tree per year
(254 kg C X .49 % = 125 kg Cltree/year)

The estimated number of pecan trees in Georgia are estimated at ~15 trees/acre X
137,901 acres=2,068,515 trees. Based on this estimate, 125 Kg Cltree/year X 2,068,515
trees = 258,564,375 kg C/ year (or 1875 kg Clacre/year) removed from the atmosphere
by the pecan tree itself.

Pecan Orchard Management and Effects on Orchard Soil Carbon

Pecan orchard floor management as currently practiced is conducive to development of
high levels of soil organic matter. As a result orchard soils retain relatively large
amounts of carbon, serving as a significant carbon pool. Tilling or harrowing the soil
leads to loss of soil carbon. Most orchards are not tilled or harrowed except o rejuvenate
neglected orchards and to repair washed or croded areas, Pecan orchards are maintained
with a 12 foot herbicide strip running the length of the pecan tree row. These herbicide
strips are not tilled, but the vegetation around the trees is killed to prevent competition
from weeds. The herbicide strips normally comprise about 30% of the total orchard
acreage. The remaining 70% of the orchard floor is maintained with a grass cover, most
commonly Bermuda grass in the southeast. The grass floor covering prevents soil
erosion and creates an ideal surface on which to manage the orchard, In addition, as the
grass is mowed, it retums organic matter 1o the soil. The leaves and shucks from the
trees also fall to the orchard floor annually where they remain, further building organic
matter and recyeling nutrients. We currently advocate the planting of elover between the
tree rows a5 a winter cover crop, which further increases organic matter (and soil C
stocks) and provides soil nitrogen for the trees. Poultry litter, an organic fertilizer, can be
used in orchards to provide nutrients o the trees. Poultry litter is also high in organic
matter. As a result, orchard soils potentially hold significant amounts of soil carbon,

Preliminary results indicate that pecan orchard soils store carbon in amounts comparable
to that of natural hardwood forests that have been left undisturbed for decades. Soil
carhon can be estimated using two methods; (1) Total soil carbon; (2) organic matter. As
a general rule, total soil carbon can be estimated as about ¥ the soil organic matter
(SOM]).

The following results were obtained from preliminary samples taken from a farm in
Crisp County, Geargia in December 2007:

Total Soil Carbon S0OM
Mature Pecan Orchard 4° depth 2.36% 3.96%
Mature Pecan Orchard 8" depth 0.94% 1.74%
3-Year old pecan orchard with clover 4 depth 1.35% 2.32%

3-Year old pecan orchard with clover 8" depth 1.32% 2.90M%
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3-Year old pecan orchard without clover 4" depth  0.71% 1.34%
3-Year old pecan orchard without elover 8" depth  0.84% 1.66%
Conventionally tilled row crop field 4" depth 0.41% 0.78%
Conventionally tilled row crop field 8" depth 0.29% (.60%
Mature Hardwood Forest 4" depth 1.96% 31.28%
Mature hardwood Forest 8 depth 1.62% 2.68%

Additional results from the University of Georgia Soil and Plant Analysis Laboratory
based on 26 submitted samples suggest an average of 4.64% for pecan orchard soil
organic matter. From this figure, orchard soil C can be estimated to be approximately
2.32%. These preliminary results would indicate that pecan orchard soils store
considerably more carbon than do conventionally tilled row crop fields and that the
planting of clover in the orchard can greatly increase soil C stores.

Practices such as chemical mowing, the use of pre-emergence herbicides for
maintenance of herbicide strips, and effective orchard scouting for insect pests can help
reduce the number of trips across the orchard with tractors, mowers, and sprayers. By
reducing the fossil-fueled power activity in the orchard, the carbon footprint of pecan
production could be further reduced.

A study was instigated at the UGA Tifton Campus in Winter 2007/20:08 to evaluate the
effects of crimson clover and poultry litter on pecan orchard soil carbon and soil organic
matter. A Life Cyele Analysis is 10 be conducted as part of this study to examine the
carbon footprint of pecan production under each of these fertilizer/orchard floor
management regimes as compared to use of synthetie fertilizer. This analysis will also
take into account the inputs required in pecan production. We can also incorporate the
effect of reductions in the number of trips made across the orchard via the above
mentioned practices on the carbon footprint of pecan production. A formal survey of soil
arganic matter and soil carbon in Georgia pecan orchards is also planned for 2008. First
year data from these studies will be available later in the year,
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Thank you for the opportunity to provide this written testimony as part of your subcommities
hearing: Crearing Jobs with Climare Solutions: How agriculture and forestry can help lower
cosis in a law-carban economy. The dairy industry can play an important role in the coming
climate market by providing reliable, permanent and immediate greenhouse gas (GHG)
reductions through methane capture from manure and other best management practices. These
reductions will serve as an important cost containment mechanism for the economy as a whale
while creating an important market for conservation within the livestock and agriculture
industries,

Consider this example from one of our Michigan producers. Velmar Green runs Green Meadow
Farms in Elsie, Michigan. He has 3,000 cows and in addition to selling energy he is looking into
selling his carbon credits as well. The water that is left over is rensed for irrigation or cleaning
the barn. The left over fiber is used either for composting or fertilizer for the 7,000 acres he
farms. Velmar started his digester this winter with the help of a 52 million grant from the Public
Service Commission, 51 million from a pariner who specialized in the generator technology and
with 31 million of his own money.

The point being that while anaerobic digesters can provide multiple environmental and energy
production benefits, this is not a cheap technology. Mr. Green stated that a substantial part of the
power generalion cost lies in connecting power lines to the power company. Currently, Velmar
is getting about 10 cenis per kilowatt hour for his energy thanks in part to his paniner with the
generator that negotiated with the electric company. Keep in mind, this price does nol recognize
or reward the fact that this power is a low carbon source of emissions,

Without a market to reward the value of these projects they will remain small, niche projects -
only available in states that subsidize the technology or require power companies to accept the
power. Contrast this scenario with a vibrant GHG market that simultaneously is sending a
market signal 1o the power company to seek oul and utilize lower carbon forms of power
generation, while also sending a market signal to dairy and other livestock producers that there is
a premium value on the power they can produce - and a long-term market reward for such
power. Only then will there be the nght incentives for the private market to move toward
building the needed infrastructure to support biogas use on a massive scale. Unitil the market
signal is sent, power companies will remain reluctant, if not in outright opposition to promising
power sources like these because the environmental value of the biogas is not recognized by the
market or their competitors.

We commend vour subcommittee for investigating the role that the livestock and agriculture
sectors can play in reducing the cost of complying with required GHG reductions by the larger
economy. It is in all our interest to make sure that we are able to keep costs down so as to avoid
damaging our economy as we transition into a climate market, Our industry can provide great
assistance as environmental service providers and we ask that you keep in mind some of these
opportunities as you set policy on this issue.
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i Falu thane Capured from Manure

Greenhouse gas reduction experts have definitively established that the animal agriculture sector
can gencrate some of the “cleanest” and most verifiable greenhouse gas emission reduction
credits. In terms of measurement, permanence and additionality through the capture of methane
emitted from stored manure, these emission reductions provide a concrete and sound path o
climate change mitigation efforts. While the volume of methane emissions are far less than the
most prevalent greenhouse gas, CO;, which accounts for 75% of the global total, the potency of
methane in terms of global warming potential is far higher. Specifically, methane is 21 times
more potent than CO; — so for every 1 ton of methane avoided, it 15 as if 21 tons of CO; were
avoided as an emission to the atmosphere,

To provide some context for the potential of the livestock industry’s ability to mitigate
reductions, consider the following quote from the June 14, 2007 Wall Street Jowrnal: “The
methane produced by the manure of a typical 1,330-pound cow translates into about five tons of
COy per year. That is about the same amount generated annually by a typical U.S. car, one
getting 20 miles per gallon and traveling 12,000 miles per year. Without a market that rewards
livestock producers for capturing and reducing methane emissions, it would remain too costly to
implement on an industry-wide basis. However, a climate market that allows these creates value
for making these reductions could offer the opportunity o bring lower-cost permanent reductions
of this potent greenhouse gas — a process which will also have other environmental dividends for
air and water quality.

Additionzlly, the use of anaerobic digesters to capture methane from manure, can not only avoid
a methane emission that would otherwise oocur as the standard industry practice, but it also
creates a new low-carbon energy source — biogas, which ean be substituied for natural gas in
generating electricity or crealing power to fuel a bio-fuel plant, for example.

Greenhouse gas emission reductions through methane caplure requires only that the methane be
flared in order to permanently convert methane to the much less potent OOy The use of methane
as a biogas can bring even greater credits and cost mitigation opportunities to the climate market.

For all these reasons, methane and eapture from manure should be considered a highly valuable
early offset reduction opportunity and every effort should be made to facilitate the growth of the
caplure market for these gases as a new energy commaodity for livestock operations,

Furthermore, it is worth noting that the scientific community recognizes that nitrous oxide
emissions also take place from anaerobically digested manure, and that as a result the potential
also exists for the capture and destruction of this potent greenhouse gas. While further research
is going to be needed 1o quantify the specific amounts of nitrous oxide generated and captured by
anaerchic digestion, il is 2 potent greenhouse gas 300 times more potent than C0; and therefore
such research cfforts and subsequent valuation in the credit markets should be supported by any
climate change legislation that Congress adopts.



The simple substitution of animal manure for commercial fertilizer as a nutricnt source for crop
production saves energy and results in a net reduction in greenhouse gas emissions in the form of
reduced enargy consumption and CO2 emissions from fenilizer manufacture and transport, and
in the form of reduced nitrous oxide emissions from manure relative to those from commercial
fertilizer. The proper use of animal manure for crop production is one of the onginal and most
critical forms of recyeling, serving a fundamental role in our food production systems ever since
we have included livestock and livestock products in our diets. This represents a practical and
straightforward method to offset greenhouse gas emissions and should be recognized
accordingly. This legislation should maximize the opportunities to capture the fullest
grecnhouse gas reduction benefits possible from this practice.

& the Signiffcant Povential for a sl 2% el

Another impertant way in which the livestock industry is unique from agriculiure s a whole is in
the vast amount of pasture land that is owned and leased by livestock operators. The USDA
notes that applying proper grazing management practices can actually increase the amount of soil
carbon stored in soils over lands left idle — since more growth of grasses on the land equates o
more carbon stored in the soil.

Furthermore, il pasturelands are seeded with deep-rooted perennial grasses for use as cattle
forage - such as switchgrass, compass plant and big blue stem, the amount of soil carbon stored
in the ground can range from 1.5 1o 5 tons of additional carbon per acre according to USDA's
Agriculture Research Service. Keeping in mind that the average rate of soil sequestration for the
conservation practice of no-till planting is .5 metric tons of carbon per acre per year you can see
how valuable pastureland carbon sequestration can be, These carbon gains are made because
grasses like (those mentioned can have root systems of up to § fieet deep into the soil. Again, this
livestock type of soil carbon sequestration may generate less concern aboul permanence since the
grasses planted can be grazed and will continue to grow back annually with no need for tilling
practices that would otherwise release some of the stored carbon. Also, USDA notes that carbon
stored in this manner may be fixed more permanently since it is stored deeper in the soil and
therefore, less likely to be retumed 1o the atmosphere.

Ensure that Livestock it Wi

We appreciate the stated intent by many lawmakers in the House and Senate that climate
legislation should offer livestock agriculture promising opportunitics to contribute to the solution
of climate mitigation markets as voluntary offset providers. It is critical that these market
apportunities remain just that — opportunitics or incentives to help obtain from us the significant
contributions we can make to greenhouse gas offsets.

It is our understanding that livestock operations and farms are not covered by the Lichberman-
Wamer bill's definition of a covered facility. Specifically, we refer to the section relating to an
entity producing for sale or distribution of more than 10,000 carbon dioxide equivalents of



167

chemicals in a year, We hope our understanding is correct that neither this provision nor any
other portion of the covered facility definition applics to us,

We appreciate vour foresight in understanding that the important contributions our industry can
make will only come into being if our livestock producers are able to use the reward of a new
market opportunity to provide the proper incentives for this work 10 occur.

As Duke University’s Nichelas School for Environmental Solutions points out in their
comprehensive field guide to measuring and monitoring GHG reductions from agriculture and
forestry, additionality should be viewed in proportion to the industry standards of a given time,
not the individual practices of early actors — who are often punished for doing the right thing. As
such, the use of anacrobic digesters and the capture of methane from manure are clearly not the
industry standard — and therefore, in considering how credits are to be determined, these
practices should be considered to be additional - on the industry level. Also, it is important to
note that while additionality questions regarding soil carbon refier to how much carbon has
already been put in the soil - and the amount of credit which should be conferred for a new
offset credit, methane emissions are different. Tn the case of methane captured from manure, the
emissions that are captured and transformed from methane to COq are from an ongoing source of
emissions. Therefore, if an anaerobic digester exists, it makes sense that no credits would be
awarded for the previous methane emissions avoided, but it is also completely justifiable 1o
recognize the emissions reductions that will be made after the GHG cap is put in place.
Otherwise, you create a disincentive for the use of existing anacrobic digesters and the result
could be an increase in methane emissions.

Again, we thank you for the opportunity to submil this testimony as part of your hearing today.
We look forward to working with you to expand the opportunities for agriculture offsets within
mandatery climate legislation and make sure that the best outcome is reached for the climate, for
the economy and for our industry.
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‘We have reached a critical point. Climate change is ac-
cepted by the scientific community 2s a real and pres-
ent threat to our livelihood, one at least partly atirib-
uteble bo an increase in atmospheric greenhouse gases
cansed by human activity. To reverse this threat will
require many arrows in the quiver. Foremost, a large-
scale reduction of greenhouse gas emissions will be re-
quired across its many sources in our diverse economy.
But these emission reduction efforts can also be bol-
stered by increasing the amount of carbon dioxide re-
moved from the atmosphere and sequestered in terres-
trial ecosystemns. Therein lies the opportunity for the
owners and managers of farmlands and forests 1o par-
ticipate in the solution. Farmers can remove carbon di-
oxide from the atmosphere and sequester it as soil car-
bon by changing tillage practices; they can also modify
agricultural practices to reduce greenhouse gases such
as methane emitted in livestock and rlce production,
andg nitrous oxide In soil management. Afforestation,
ar the planting of trees on currently nonforested lands,
can transfer large volumes of carbon dicxide from the
atmosphere 0 carbon storage in biomass, soils, and
harvested products. Taken together, these activities can
havea substantially favorable impact on the greenhouse
gas balance. And if farmsers and forest landowners can
be compensated for their actions to reduce emissions
or sequester greenhouse gases, they can benefit eco-
nomically from these efforts,

Bringing farmers and foresters to the table shows
great promise for mitigating climate change but re-
quires a system that accurately measures and accoants
fior their greenhouse gas reductbons. Because agricul-

Foreword

ture and land use activities are numeroas and widely
dispersed across a varying landscape, & well-designed
system is necessary to bring order to the underlying
complexity. This book builds the framework of just such
a system by combining the insights of top sclentists and
economists in agricufture, land use, and forestry with
the practical background of developers experienced in
grecnhouse gas mitigation profects, to systematize an
approach that is scientifically grounded, has environ-
mental integrity, and is practical to apply.

Bringing science into practice lies at the very core
af the mission of the Nicholas Institute for Environ-
menial Policy Solutions at Duke University. We be-
lieve that good science is the foundation of good envi-
ronmental policy and practice. We also recognize thay
connecting science to practice often requires the type
of hard work evident in the pages of this volume. For
that we extend great thanks to all the technical experts
who contributed to this effort and in particular to Zach
Willey and Bill Chameldes for coordinating, synthesiz-
ing, and communicating their work, clearly and logi-
cally, We believe that the collective effort constitutes a
gobd standard for including agriculture and forest ac-
tivities in greenhouse gas offset programs.

This work would not have been possible withous
the financial suppory, enthusiasm, and vision of Peter
Micholas,

Timothy Profeta, Director

Brian Murray, Director for Economic Analysis

Nicole St. Clair, Associate [rector

Nicholas Institute for Environmental Policy Solutions

February 2007
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In 2003, a kind of economic nightmare scemed to be
emerging in the United States. Although the nation
Tead not created a mandatory cap-and-trade system far
greenhouwse gas (GHG) emissions, voluntary trading of
such emissions and afsets (efforts to remove carbon di-
axide from the stmosphere or prevent GHG emissions in
the first place) had already begun. Businesses and in-
dividuals secking to limit or neutralize their carbon
footprint, their impact on global warming, began to
purchase offsets from other businesses and individuals
whio had found ways 1o reduce their own emisions. Lo-
cal markets and exchanges. brokerages, registries, and
trading clibs sprouted up 1o meet the demand, How-
ever, the standards used 1o define the commodities
v be traded varied wildly. In contrast, trade of GHG
emissions and offeets among European Union nations
was proceeding in a relatively orderly fashion. That is
because participation in the Kyoto Protocol's cap-and-
trade program had required the EU to create a regu-
latory framework with consistent and credible defini-
tions of GHG offsets.

In the United States, a federal program regulating
GHG emissions does not exist. The result s a pece-
meal market for carbon offsets, in which the credibility
of the commodities for sale can vary substantially. In
the long run, this is an unenable sitcation for buyers
and sellers alike. For buyers, caovear emplor ("let the
buyer beware™) is the watchword. For sellers, the lack
of u system for verifying and validating offsets tends 10
depress the price they command.

Targeted changes in land uses and management
practices in both agricultuse and forestry can provide a
major source of GHG offscts. These benefits result from
using forests and solls to remove and store carbon al-
ready in the stmosphere and from reducing emissions
of GHGs in the first place. The agriculture and forestry
sectors have significant potential 1o help stabilize GHG
emissions in the United States, particularly over the
nexl several decades. For that to happen, however, such
terrestrinl GHG offsets must rest on transparent defi-
nitions and standards based on first-rate science. Such
standards would give buyers and sellers alike a basis for
establishing the value of the offsets and also provide a
model for regulations that will surely ensue at the state
and (eventually) federal level.

In early 2004, Environmental Defense contacted
two groups of independent scientists to help provide
these guidelines, The poal was to provide a gold s1an-
dard for ensuring quality and integrity—a step-by-
step guide to quantifying and verifying GHG offsets
based on changes in land use and management n ag-
riculture and forestry. Five highly regacded scientists
agreed 1o serve on an advisory and review committee
for the project. Dr. William H. Schlesinger, dean of the
Nicholas School of the Environment and Earth Sci-
ences at Duke University, chaired the committee, Dr.
Schlesinger and his colleagues provided the wisdoms
and advice needed to steer this daunting, multidisci-
plinary project through its many technical mazes.

A second group of scientists then applied its onique
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and varied experience to key aspects of creating terres-
trial GHG offsets. These scientists contributed papers
that answered the central question: how much will any
specific farm or forestry project reduce bevels of GHGS?
Dr. Gordon B Smith spearheaded the distitlation of
those papers into this guide, supported by the advisory
and review committes and other consulting scientists,
D Dennis O'Shea, and later Sandra Hackman and Dr.
Bill Chameides, then undertook two difficull tiers of
editing.

All these individuals working in tandem over the
past several vears have produced the document that
follows. We all are grateful to Peter Nichelas for his

gracious funding—and infinite patience—in support
of this work.

The extensive knowledge and guidance embod-
ied here will provide invaluable direction 1o farmers,
foresters, and other land managers, as well as consul-
tants, brokers, investors, and others interested in creat-
ing consistent, credible GHG offsets as a new tradable
commaodity in the United States. This guide will help
make tangible a new economic opportunity for rural
America. In addition, it will provide important guid-
ance to the policy community pursuing controls on
GHG emissions—in the United States and other parts
of the world.
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A new economy 18 coming—a Jow-carbon economy in
which greenhouse gas emission allowances and offsets
will be a commuosdity that is bought and sold on the open
market. Landowners and farmers, the people who work
the Jand, will have a competitive advantage in this new
economy because land, if property managed, can be made
1o store carbon, Industries that emit carbon dioxide will
pav landowners and farmers who store carbon to offset
inchastrial emissions.

Why a Low-Carbon Econamy?

The Jow-carbon economy will place a premium on tech-
nadogies that can produce energy with little or ne carbon
dioxide (CO,) emissions, as well as on activities that help
remeve carbon dioxide from the atmosphere. Why? The
answer is smple: global warming. While uncertainties
about climate remain, the basic facts of global warming
are now well established:

~The globe is warming. The warming is due in
large part to emissions into the atmosphere of
€O, and ather heat-trapping or greenhouse gases
{GHGs) that result from human activities.”

~Unless we slow the rate of these emissions, the
consequences could be dangerous, expensive, and
irneversible.

Ina communiqué issued in June 2005, 1 national acade-
mies of science (inchuding the ULS. National Academy
of Schences) held that “the scientific understanding of

Chapter 1

The Role of Landowners
and Farmers in the New
Low-Carbon Economy

climate change is now sufficiently clear to justify na-
tions taking promapt action . . . We arge all nations . . .
to take prompt action to reduce the causes of climate
change.”

The only way to curb human-induced climate change
is 1o reduce emissions of CO, and other GHGs. And
the anly way to accomplish that is to move 1o a kow-
carbon economy that values technologies that limig
GHG emissions and devalues technologies that pro-
duce GHG emissions.

Maomentum toward a low-carbon economy is build-
ing. Thirty-fve of the world's developed countries have
agreed o reduce their GHG emisskons 5 1o 8 percent
below 1990 levels through the Kyoto Pratecal * While
the U5, government has not jeined the Kyoto process,
many states and local governments have made Kyoto-
like commitments, California has committed to a cap
onits state-wide greenhowse gas emissions that will bead
to substantial cuts in emissions in the coming decades.
Four other southwestern states (Arizona, New Mexico,
Oregon, and Washington) have joaned California in
the Western Regional Climate Initiative with the goal
of setting a regional greenhouse gas emissions reduc-
tion goal. Nine northeastern states {Connecticut, Del-
aware, Maine, Massachusests, New Hampehire, New
Jersey, Mew York, Rhode Island, and Vermont) have
joined the Regional Greenhouse Gas Initiative (RGGE)
and agreed to cap CO, emissions from power plants.
Many other states have announced climate initiatives
and are considering statewide caps on GHG emissions.
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In the private sector, major ULS, businesses (including
Alcoa, BP America, DuPont, Caterpillar, and General
Electric) have formed the United States Climate Action
Parinership calling for mandatery caps on the nation's
greenhouse gas emissions.”

Although the United States has yet to adopr a man-
datory program to reduce GHG emissions, many peo-
ple believe it is only a matter of time before it does. In-
dicative of this is a resolution passed in 2005 "It is the
sense of the Senate that Congress should enact & com-
prehensive and effective national program of manda-
tory, market-based limits and incentives on emissions
of greenhouse gases (S.AMDT866),"

The Transition to a Low-Carbon Economy

History has shown that markets, rather than mandatory
controls, can be the most cost-effective way to cut pollut-
ant emissions, In a regulatory sy a market approach
often takes the form of a “cap-and-trade” mechanism.*
Such 4 mechanism caps total emissions from regulated
entities—which may include a specific sector, such as
power production in the case of RGGL or the entire soon-
omy, as In the case of Kyoto—at a specified bevel, usually
significantly below the current level. Regulators then as-
sign individual emitters allowances, or caps, such that
the total allowances equal the overall cap. Emitters have
some period of time to comply with their cap.

Emitters can comply in three ways, First, they can use
efficiency measures, technological advances, or lower ac-
tivity Jevels to reduce their emissions. Second, they can
purchase allkwances from other emitters who have re-
duced their emissions below their caps. Third, they can
purchase carbon offiets from individuals or entities,
which remove CO), from the atrosphere or prevent GHG
emissions.* This market approach allows emitters to find
the cheapest way to meet their individual caps, 25 emit-
ters that would incur relatively high costs can acquire al-
lowances and affrets from those that can generate them
at lower costs.

In this approach, OO, and other GHG emissions
become a commeodity that is bought and sold, and the
marketplace (rather than regulators) determines the
price of carhon allowances and offsets. These allow-
ances and offsets can be relatively cheap or costhy, de-

pending on supply and demand, Businesses and indi-
viduals also have an incentive to develop cost-effective
methods of reducing GHG emissions and creating car-
bon offsets, By allowing the marketplace to control the
price, the system guarantees that emitters will choose
the most inexpensive and effective methods for reduc-
ing or offsetting emissions,

In unregulated systems, corporations and individu-
als can voluntarily cap their GHG emissions, as some
companies have done. Citbes and other municipalities
have also adopted voluntary caps on the emissions aris-
ing from government activities. Voluntary caps usually
do not inchede trading, but emitters may still purchase
offsets when internal efforts to boost efficiency and
adopt new technology do not produce the desired re-
sitlts, Here again the marketplace sets the price of the
carbon offsets. As more companies and Individuals
take on a cap, demand for offsets rises, as does the price
they command,

Drespite the absence of a mandatory nationwide
cap on GHG emissions, a U5 market for carbon off-
sets is already burgeoning. Numeroas companies have
formed to buy and sell offscts, while other companies
have emerged to verily and register those offsets. Many
of these companies can be identified through a simple
Internet search. However, patential buyers should ex-
ercise cantion because the system s not yet regulated,
and many developers of offsets do not yet follow rigor-
ous procedures for creating them, such as those out-
lined in this volume.®

Farmers® Entrée into the Low-Carbon Economy:
Carbon Offsets

Land-management practices can play a significant role
in slowing the buildup of GHGs. Forests and farmlands
act as natural carbon storchouses, or sinks, offering
majer oppartunities to reduce global warming, As for-
ests grow, they absorh CO, from the atmosphere, stor-
ing lor sequestering) vast amounts of carbon in wood,
leaves, roots, and soils. Agricultural practices such as
no-till or bow-till farming, grassland restoration, and
the use of cover crops also sequester carbon in soils. By
protecting and restoring forests, replanting grasslands,
and improving cropland-management practices, land-
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ownéers can help reduce aimospheric copcentrations of
GHGa,

Besides removing carbon already released into the
atmosphere, better land-use practices can also reduce
emisstons of potent GHG such as methane and nitrous
oxide. For example, using fertiizer more precisely can
reduce emissions of nitrous oxide from sodl. Reduc-
ing the saturation of soil with water (particularly dur-
ing rice cropping) can carb methane emissions, 35 can
the capture and burning of methane emitted from
Mmanure

While environmentalists have pointed to the poten-
tial for these activities to slow global warming. farmers
and landowners today have little economic incentive to
adopt them, However, this will change as the transi-
tion to a bow-carbon econamy puts a market valse on
land-managensent practices that store carbon and re-
duce GHG emissions.

In fact, even where caps on emissions remain
maostly voluntary, offset projects targeting carbon di-
oxide, methane, and nitrous oxide are already under
way. In the Northwest, the encrgy company Entergy
has funded Pacific Northwest Direct Seed Associa-
tion, 3 nonprofit composed of more than 100 farmers,
o create marketable offsets by using low-till farming
1o sequester carbon in soil and lower CO, emissbons.
In the Midwest, a grain-milling cooperative is creating
olfsets based on the land-management practices of sev-
eral hundred farmers in Kansas, Missouri, Nebraska,
and fowa, such as the use of no-till farming to store
maore carbon in soil, [n the Northeast, a group of dairy
farmers is secking buyers for offscts based on cuts in
methane emissions resulting from the use of anaerobic
digesters 1o treat manure. [n the South, a consortium
of farming operations is creating offsets by shifiing to
lowetill crapping to reduce CO, emissions, changing
crop rotations fo store more carbon, and improving
livestock and manure management to reduce methane
Cmissions.

The Potential of Offsets Based
on Land Management

Land-managerent practices have the potential to make
a significant dent in GHG emissions. The LS. Envi-
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ronmental Protection Agency (EPA) estimates that the
United States emits some 6,000 million metric tons
of COY, each year, ax well as the equivalent of anothee
1,000 million metric tons of CO, in the form of othee
greenhouse gases, including methane, nitrous oxide,
and chlorofluorocarbons, Overall, annual GHG emis-
sions total the equivalent of some 7,000 million metric
tons of COY, (see Figure 11

1f the United S1ates takes no steps to reduce GHG
emissions, how large would they be in, say, 2025 The
recent past can provide a chue, In 19940, LS, greenhouse
gas emisshons were equivalent to about 6,100 million
metric tons of CO, per year; in 2004, they were reach-
ing nearly 7400 million metric tons, GHG emissions
are therefore rising at an annual rate of about 1 percent.
Without a limit on such emissions, we can assume they
will continue to rise an additional L6060 million metric
tans per year by 2025, to the equivalent of about 8,700
million metric tons of CO, annually,

Climate models suggest that by the later part of the
twenty-first century, humanity must reduce global GHG
emissions by about 50 percent from their present rates
to avoid dangerous chimate change (OBelll and Oppen-
heimer 2002; Den Elren and Meinshavsen 200517 This
prospect is challenging to say the least. In the United States,
this would require cutting annual emissions by some 3,500
million metric tons of COhy. The good news is that we do not
have 1o attain this 50 percent reduction inmedzately. We
can slowly ramp down our emissions to reach the 50 per-
cent reduction by the end of the cemury, when new tech-
nobogies and energy sources will hopefully have replaced
the carbon-intensive forms we rely on today,

Crver the pext M) years or 50, developed nations might
reasonably aim to lower thelr emissions by about 15 per-
cent (Den Eleen and Meinshausen 2006). For the United
States, this woulkd require cutting the equivalent of abous
1,000 million metric 1ons of OO, per year. Adding the esti-
mated anrual increase in GHG emissions during this pe-
riod of 1,600 millon metric tons, the United States would
have to find emissions cuts equivalent to about 2,600 mil-
lion metric tons of O, per vear. Although not as imposing
as the 50 peroent target, this goal will still sgnificantly tess
oir economs and technological ngenaity.

Could land-management practices help the United
States meet the 20-year target cut of 2,600 million metric
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Figure 1.1 L5 OO, and other greenhouwse gas
cmissgions, 1990-2004 (in millions of metric
tons of O equivalent). Emissions rose at

an average annval rate of sbout ¥ over the
period. If that rate persists, LL5. emissions
wlll;rﬂw from the present 7,000 million tons
a year to abouwt 8700 million tons in 2025,
Note: From ULS. EPA 2006,

tons of 00 equivaliens

Figure 1.3 Carbon offsets thas U5, kand-
management Flrm:l!krs coukl create, aza
function of year and price {in millions of
metric tons of OO, equivalent). With the
riring Fricr of offsets the total amount

of offsets svailable should incresse, as
mawe farmers and landowners perceive an
apporunity to profit and participate in the
ket -
Nate: From U5 EPA 2005,
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tons of OO, per year? Consbder a recent EPA study (2005),
which estimated the potential for carbon offsels from
land-management practices {see Figure 1.2)% Not sur-
prisingly, as the price of offsets rises, more farmers and
landowners opt to participate in the market, and thus
the total amount of offsets also incresses. The amount
of offsets also depends on time. Although the amount of
offsets grows as more farmers and landovwners partici-
pate and soils and forests increase their capacity 1o stose
carbon, the amount of offsets could peak in 2025 because
soils and fosests eventually become saturated with car-
bon and bose thelr ability to store more. The amount of
offsets coubd even decline if cutting of forests used to cre-
ate offsets outstrips reforestation.

The results from the 2005 EPA study suggest thae
land-management practices can play a major role in
enabling the United States to meet the emissions tar-
get over the coming decades if the price af carbon off-
sets is high enough. If offsets command a price of $15
per ton of CO0,, land-management projects could off-
set almost 1,500 million metric tons of L':ﬂ: per year
by 2025—around 60 percent of the needed reduction.
At 350 per ton, offsets could toral almost 2,000 millbomn
melric tons of Cﬂ: per year—nearly the total required
cut in emissions,

Will the price of offsets be high enough to generate
the needed amount? That depends on demand, In the
United States, where emissions caps are voluntary and
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the market for offsets is currently relatively weak, off-
sets are now selling for a few dollars to about $10 per
ton of GO, However, in the European Union, which
has adopted a mandatory cap under the Kyoto Proto-
col, O, prices rase into the range of $30 to $40 per ton
of ©0, in 3006, This suggests that if the United S1ates
adopts a mandatory cap, the price for offsets will be
high enough for land-management practices to play a
major robe in mecting the cap. Because carbon offsets
willl be critical in the transition to low-carbon tech-
nologies, farmers and landowners who enter the offset
market early stand to profit the most.

The Need for Offset Quantification Guidelines

While projects based on changes in land-manage-
ment practices have the potential to offset significant
amounts of GHG emisstons amd to provide a new in-
come siream for farmers and landowners, they pre-
sent significant challenges to the Individuals and enti-
ties that undertake them. At the front end of an offset
project. developers noed 1o reliably estimate its poten-
thal valwe and thus the amount of GHG mitigation it is
likely to produce. As any farmer can attest, projecting
crop yields at the beginning of a planting season is diffi-
cult. In an offvet project based on changes in land man-
agement, developers must atlempt to project outcomes
OVET ANy YEars, in some cases more than a decade.
Moreover, to market the GHG mitigation they achieve,
project developers must reliably document it. This, in
turn, requires developing and implementing a compre-
hensive plan for monitoring and analyzing the results
of the project, as well as contracting for independent
verification of the plan and its implementation.
Monitoring itself§ presents challenges. Instead of
simply documenting the vield of wheat or corn, land
managers must quantify the amount of carbon they
store in soll or forest wood or the amount of meth-
ane they capture from processed manure, To ensure
that the project does in fact bead to real GHG benefits,
land managers must alsa often track conditions and
carbon-sequestration rates on nonproject lands, They
must make a long-term commitment 10 monitoring
and tracking. Mot only does the amount of carbon a
project adds to soil or forest vary from year to year, but
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the carbon stored in years past can be lost becanse of
fire or annual changes in climatic conditions. Finally,
marketing carbon offscts requires careful analysis of
monitering and tracking data to ensure that the offsets
claimed are accurate with a known and acceptable levell
of uncertainty,

An additienal complication arises from the fact that
the validity of any carbon offset project s ultimately
based on our scientific and technical understanding
of how carbon and other elements are cycled through
agricultural and forest systems and how these sys-
tems interact with the climate system, Because science
is continuously evolving. the system used to manage,
quantify, and verify the value of a carbon offset project.
must be sufficiently Aexible to accommadate scientific
advances, See for example Keppler et al (2006), Gib-
bard et al, {2005), and (Hander (2006

Furthermaore, for buyers, regulators, and the public
tor accept affsets stemming from changes in land man-
agement, they must have confidence that the mitiga-
tion is real. Credible and transparent rules and meth-
ods are therefore critical to ensure that offscts are fully
tradable. This velume attempts to sddress this need by
providing specific guidelines for developing and imple-
menting land-management projects that produce car-
bon offsets.

This Manual

This manual aims to provide a comprehensive, user-
friendly description of the principles and methads
needed to quantify cuts in GHG emissions and removal
of CO, from the amosphere stemming from land-
management practices. These principles and methods
build on years of scientific study of the most accurate
ways to measure changes in methane and nitrous oxide
emissions from soil and manire and changes in carbon
stocks in trees and soil. The approaches presented here
aim to strike a balance between relinbility and afforda-
bility. That is, participants in the system, regulators,
and the public must believe thar the offsets landowners
create are real, but the costs of measuring and verifying.
the offsets must not rise o high that projects become
economically impractical.
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Types of Projects

This volume focuses on four baskc categories of land-
management projects designed to create marketable
carbon offsets:

I, Profects designed to sequester carbon in soils,
such as through the sdopthon of no-1ll farming.

2 Projects designed to sequester carbaon in biomass
through cultivation of new forests and grasslands
or delays in harvesting forests,

3. Projects designed to reduce methane emissions
through changes in the practices used 1o process
and dispose of manure.

4. Projects designed to reduce emissions of meth-
ane and nitrous exide through changes in farm-
Ing practices.

Farmers and landowners also have other options lor
developing carbon offscts, such as by producing bio-
energy crops and constructing wind tarbines for gen-
erating power, However, because these types of projects
do not involve specific land- management practices, this
volume does not address them.

The Audience

This book is designed for use by all who might particl-
pate in developing, marketing, and purchasing offsets
based on changes in land management. These Iinclude:

- Landowrers, on whose land a project is executed,

- Farmers, whi pursue project activitbes.

- Project developers, who plan and implement the
praject. even though they may or may not be the
farmers or owners of the land.

~Quantifiers, who perform the monitoring and
analysis sequired to assess the quantity of legiti-
mate offsets the project achieves and who may or
may niot be the project developers.

= Verifiers, independent agents who audit the quan-
tification of the project’s offwsts, vouching for
their accuracy and adherence to specific guide-
limses established by regulators of a carbon market,

-Regulatars, who develop and enforce regula-
tions governing carbon offsets in a cap-and-trade
system.

~Retuilers or brokers, who may purchase offsets
from multiple projects, aggregate them. and resell
them directly to buyers or through a carbon offset
market.

- Buyrers, who purchase offsets directly from project
developers or retailers or through a carbon offser
market.

~CHfset owners, who have legal ownership of offsets
and who may be the landowner, project developer,
retziler, or ultimately the buyer,

Landowners, project developers, quantifiers, regula-
tors, and retailers are obviously interested in the prin-
ciples and methods needed to produce accurate and
creditde offsets. However, buyers of offsets would also
be well advised to understand the basic principles used
to produce offsets because creating them can be chal-
lenging. and potential buyers, especially in unregu-
lated markets, need to assure themselves that the off-
sets they purchase are real. For example, some carbon
offsets for sale in the United States have not been inde-
pendently verified, and others lack evidence that thew
represent GHG benefits that would not have occurred
without the project. Those projects that adopt the prin-
ciples and methods outlined here should not be subject
1o these types of shortcomings.

Applications af the Manual

This volume could be valuable in at least three scenar-
los involving the development of carbon offsets:

L Voluntary development on the part of landown-
ers without a carbon offset market: This scenarlo
does not invelve a mandatory, government-
imposed cap-and-trade program. Instead, land-
owners who want to voluntarily offset their emis-
stons embark on a project.

2. Voluntary development by individuals and com-
panies within a carbon market: Although regu-
lators have not imposed a mandatory cap-and-
trade program, individuals and companies who
want to voluntarily offsct their emisstons con-
tract with landowners and developers or retailers
to purchase offsets. This situation now applies to
mast of the United States.
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1. Mandatory development for major emitters
within a government-imposad cap-and-trade
program and carbon market: This situation now
2pplies to power campanies participating in the
eortheast's (U.5.) Regional Greenhouse Gas
Initiative and 1o countries participating in the
Kyoto Protocol.

This manual is primarily targeted to the second and
third scenarsos. OF course, any regulatory systems that
limit GHG emissions and allow trading will require
the use of specific procedures to create offsets, Sach
systems may also accept only certain types of offsets
greater than a specified size, and they likely would re-
quire authorized entities to quantify them.® In these
cases, the regulatory system’s guidelines will supersede
those presented here. However, even in such cases. this
manual should prove useful in helping individuals in-
terpret and understand regulatory requirements. This
volume also can serve as a gulde 1o legislators and regu-
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lators who aim to design, implement. and strengthen &
cap-and-trade system that incledes land-management
options for offsetting GHG emissbons.

The Organization of the Manual

This manual provides o comprehensive overview of
the principles that underpin carbon offsets based an
changes in land management, as well as the methods
wsed to quantify them, 1t is divided into three secthons.
The first provides an overview for leglslators, landown-
ers, and those who are unfamiliar with offset markets
bat interested in learning about them. The second pro-
vides a more detatled bt nontechnical exposition of
the offset process for project developers, investors, and
purchasers of offsets. The third, contained in the ap-
pendices at the end of the volume, provides the tech-
nical information that is critical to the individuals re-
sponsible for quantifying, verifying, andfor regulating
offsel projects.
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Chapter 2

The Process of Creating Offsets

To qualify as a marketable carbon offset, the green-
house impact of a change in land management must
have three critical attritutes:

1. Tt must represent a net reduction in GHG emis-
sboms o a et gain in the amount of carbon
stored in soil, trees, or other biomass, compared
with what would have occurred on the land with-
out the project.

2. The offsets must have a legal and specificd owner.
Depending on the contractual arrangement and
whether the offset has been marketed. the owner
may be the landowner, the profect developer, a
retailer, or a buyer,

3. Regulators of any relevant cap-and-trade system
and the buyer, as well as the public, must have
strong confidence that the offsets have been sccu-
rately measured and quantified.

By convention, offsets are expressed in tons of CO,
equivalent (COye), reflecting the global warming po-
tential of different greenhouse gases.!

Greenhouse gases are invisible to the naked eye,
and buyers of offsets do not physically take delivery of
tans of gas the way buyers take possession of bushels of
corn, Thus, before committing 1o a project, landowners
and buyers alike will want reasonable assurance that
it will provide the offsets they seek, with understood
and acceptable bevels of uncertainty and risks. To ob-
takn such assurance and 1o guaraniee that the offsets

a project prodices are real, participants must navigate
a complex series of steps (see Figure 21), This chapter
provides an overview of those steps; more details are
presented in subsequent chapters.

Defining a Project

Landowmners and propect developers should begin by
defining the land-management practices they will use
to create offscts, For example, a project might entail se-
questering carbon in soil or trees or using anacrobic
digesters to capture methane emissions from manure.
Project developers must also establish the project’s spa-
tial and temporal boundaries so they can quantify and
verify any carbon offsets the project creares. Project
developers can use land surveys o specify a project’s
boundarbes. However, this can ofien prove costly, and
developers may opt for bess-cxpensive options, such as
relying on planning maps or a GPS receiver to record
praject boundaries. Developers also can rely on legal
records of land parcels or a suitably labeled and marked
aerial photegraph. Some landowners may be tempred
1o use roads or rivers 1o delineate project boundaries.
However, seemingly permanent landmarks shift with
surprising frequency, a8 roads are relocated and floods
maove river channels, so this approach & impractical.
Project boundaries may be highly irregular or discon-
unuous, such as when a project entails planting trees
on a sinwous floodplain. In that case, project develop-
ers may use the anticipated extent of activities to plan



Figure 2.1 The process of producing offsets. Before committing to a project, landowners and
baryers alike will want reasonable assurance that it will provide the offsets they seek. To obtain
such assurance, participants must navigate a complex series of steps,
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the project, but wse monitoring data gathered during
the project 1o determine the areas where project activi-
Lies actually oceur. For projects located at a specific fa-
cility, such as a farm with animal barns and associated
manure-handling areas, an address may be adequate to
specify the project’s spatial boundaries.

I landowners have diverse operations, project
boundaries should encompass all the lands and facili-
ties related 1o the project. Otherwise an owner could
create offsets simply by shifting actlvities thay produce
GHG emissions to lands or facilities outside the proj-
ect, For example, consider a meat company that grows
crops, uses them for feed, slaughters animals, and man-
ufactures food products. If the company aims to reduce
its methane emissions (and thus create carbon offsets)
by capturing methane from decaving manure, it would
clearly need o inclhude the facilities used to process the
manure within the project boundary, and it could rea-
sonably exclude the slaughterbouse and manufactur-
ing operations, However, the boundary should include
feediots as well as lands where the manure is spread as
fertilizer after processing. That is because the decay-
I, manuee in these locations may produce unwanted
methane emissions, which quantifers of the offsets
masst take into account.

Offsct projects are bounded in time as well as space.
Time boundaries are uaually relatively easy to specify.
Projects typically start on the date a contract takes ef-
fiect, a land-management activity begins, or a facility
ar process (such as capture of methane from animal
wasie) starls operating. Projects may run indefinitely,
or a contract among landowners, any outside investors,
andl buyers may specify an ending 1time or process.

Scoping a Project’s Costs and Benefits

After establishing the boundaries of a project, devel-
opers should scope it; that Is, they should estimate the
greenhouse benefits they expect it to produce, 1o see if
it will create offiets, and estimate s costs, to see if it
will yicld a net financial return. This process enables
developers to decide whether to Implement a project.
A project’s costs include those of implementing it: cre-
aling contracts among participants; and measuring,
verifying, reglstering, and marketing the resulting off-

sets. In assessing the net Ainancial return, landowners,
developers, and buyers need to consider a1 what poing
during the project’s lifetime the costs and GHG ben-
efits will occur.

Estlmating a project’s potential for producing off-
sets entails a number of steps that are conceptually the
same as or similar to those used o actually quantify
the offsets. However, at this stage, developers use less
rigorous and therefore less time-consuming and costly
methods, such as estimates and projections, instead of
actually monitoring project oulcomes. Project devel-
opers pursie each of these steps in the scoping phase,
whereas quantifiers perform them during the sctual
project. The following sections outline the principles
that underpin each step; later chapters provide more
detail on specific methods for quantifying the GHG
impact of offsct projects.

Establishing Additionality and Basefines

In arder for the offsets claimed by a project 1o be valid.
the changes in GHG emissions or carbon stocks o
project lands must be different than those that would
have occurred in the absence of the project, and the
difference must be quantifiable. Project developers can:
address those issues by determining additionality and
baselines.

Deciding Whether a Project 15 Additional

Valid and marketable carbon offsets must be addi-
thonal, That is, any reductions in GHG emissions and
Increases in stores of carbon produced by the projece
would not have occurred without the project.” Deter-
mining whether a project is additional entails finding
sites with similar starting conditiens and anticipating
changes in land management likely to occur on those
lands during the lifetime of the project, “This will de-
termine whether the project will indeed produce GHG
savings over and above “business as usual "

Although determining whether a project ks addi-
tional is challenging, that effort is critical. 1fa project’s
GHG benchits are not additional, then the offsets the
project claims are not real, and a cap-and-trade system
should not credit them. For example, consider an ebec-
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tric power plant whose owners would like o exceed its
cap of | million tons of m, per year, emitting 11 mil-
lion tons. To comply with the cap, the company buys
10,000 toms of GHG offsets from a farmer who has se-
questered extra carbon in the soil by switching from
plowing 1o no-till caltivation. If the farmer planned 1o
take that step for reasons other than sequestering car-
bon, the utility would still in effect be emitting L1 mil-
Tsom tons,

Setting a Project’s Baseline

The GHG emissions from a project’s lands and facilities
that would have occurred in the absence of the project
constitute its baseline. The basellne often chanpges over
time due to changing management or environmental
conditions, including climate change. The project’s net
GHG benehit is the difference between the baseline and
the actual GHG emissions from lands and facilities
during the project.

Ifa facility such as a methane digester captures GHG
emissions, measurements of emissions in the absence
of the digester—that i3, before the project began—can
serve as the baseline, Other types of projects mass es-
tablish the baseline as they unfold, to accoum for
changing conditions and land-management practices
on lands with similar conditions in the region.

Some systems, including the Kyoto Protocol, treat
additionality and baselines as separate steps. The sys-
tem establishes whether a project is additional, and if
it is, the system specifies an independent method for
determining the baseline. This process usually sets an
all-or-nothing test for additionality, The Kyoto Proto-
ool provides an example of this type of test, That re-
gimeviewsa land-management practice as additional if
certain tests are met (e.g., if less than some specified
percentage of farmers in the regbon have already ad-
opted the practice). IF these tests are met, a project’s
net GHG benefits are deemed 100 percent additional
and therefore allowed as offsets, If not, the project is
deemed categorically nonadditional, and the system
will pot accept any of the project’s net GHG benefits
as offsets.

However, this all-or-nothing approach tends to dis-
courage the Increased use of practices that actually re-
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duce GHG emissions, and thus it can be counterpro-
ductive. For example, assume Ihat a farmer seeks to
sequester carbon (and thus produce offsets) by switch-
ing from plowing to no-tll farming of corn and soy-
beans, Farmers in the region use no-till methods on 600
percent of the land planted in a corm-and-soybean ro-
tation. Systems using a strict all-or-nothing form of ad-
ditionality, such as the Kyoto system, would disqualify
new projects based on po-till farming, even though
those projects would sequester more carbon.

We propose a different methodology, often referred
o as proportional additienality, which considers ad-
ditionality and the baseline simultanecusly. The proj-
ect developer muest first identify comparison lands that
are similar to the project lands. The project’s baseline
is then assumed to be the emissions or changes in car-
bon stocks on the comparison lands during the proj-
ect, Because land-management practices largely de-
termine the emissions or changes in carbon stock on
comparison lands, this method implicitly accounts for
additionality. but in a proportional way rather than an
all-or-nething manner. For example, suppose the land-
management practices on comparison lands are the
same as those on project lands; the project i not ad-
ditional at all. In this case, all ather things being equal,
the baseline would be the same as the emissions or
changes in carbon stocks on project lands, and thus the
project would not produce any offsets. 1L on the other
hand, half of the comparizson lands wsed the same man-
agement practices as the project lands and half did not,
developers would reduce the amount of net GHG ben-
efits they produce by half, in keeping with the fact that
the project is 50 percent additional,

Quantifiers must express the baseline in the same
units they wse to quantify changes in GHG emissions
and carbon stocks on project lands, typically, in 1ons of
COye. I quantifiers calculate the baseline on a per-acre
{or per-unit) basks, they must muliply the resul by the
number of acres {or units) encompassed by the progect.
IF the project reduces GHG emissions, then quantifiers
subtract baseline emissions to obtain the project’s net.
GHG benefit. If the project sequesters carbon, quantifi-
ers subtract baseline carbon stocks to find the project’s
net benefit.

Project developers typically divide a project into ac-
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counting periods during which they quantify and mar-
ket offsets. For example, a project that lasts 10 years
might quantify its net GHG benefits for 10 one-year
accounting pertods. Quantifiers must determine the
baseline for each accounting period.

Creating a Monitering and Quantification Plan

T ensure that a project’s offsets are verifiable and thus
acceptable to regulators and buyers, developers must
use documented and transparent methods o create
and quantify them. They must therefore write 4 moni-
toring and quantification plan befere beginning a proj-
ect. If changing conditions require revisions in the
project’s land-use or quantification practices, adden-
dums to the plan should document these revisions. Be-
fore developers can market offsets generated from the
project, these offsets must be independently verified.
Verifiers will refer to the documented plan 1o ensure
that developers have implemented the planned activi-
thes and that quantifiers have calculated net GHG ben-
chiis reliably.

Each project’s monitoring plan should be concise
but complete enough that ethers can comprehend it
and accept offsets based on it (A public version of the
plan may contain less detailed information about man-
agement of project lamds and their production) The
monitaring and verification plan should include the
following:

~Project boundaries if they are known when the
plan is writien,

- A list of the project’s potential sources and sinks.
of GHG emissions,

- Detailed protocals for measuring project condi-
tions, incleding the frequency of measurements
and procedures for recording, managing, and
storing data, The plan should include a design for
sampling the project’s GHG impacts, including
the locations of monitoring activities and mecha-
nisms for identifying those locations, such as
markings on serial photos, GPS coordinates, or
physical markers.

~Procedures, factors, and equations for analyzing
data (based on measurements from the project)
and quantifying offsets.

=Contents and timing of reports that quantifiers
will generate. These reports shoubd include sum-
maries of original data, not just the results of data
apalysis, so someone unfamiliar with the proj-
ectcan interpret the information and analysts
later can apply new techniques as they become
available.

~Cuality-control standards and methods, inched-
ing redundancy in recording data in case records
are lost.

- A baseline or a process for setting the baseline.

- Leakage rates or a process for assessing leakage
(see below),

Designing Measuremant Plans

The most important part of the monitoring and quan-
tification plan specifies the methods used 1o monitor
changes in GHG emissions or carbon stocks that re-
sult from the projects land-management practices.
Developing such a plan entails many asumptions
and professional judgments. To establish that emis-
sion cuts or greenhouse sinks are real, quantifiers must
use technbgues that are reliable, appropriate, complete,
unbiased, and transparent. Critical in this regard is o
careful sampling design for gathering representative
and accurate data that can detect actual changes in
emissions or sinks. ($ee Appendix | for key aspects of
such a sampling design.}

Different types of land-management projects re-
quire different techniques for measuring net changes
in emissions and sinks during the project. Individual
projects address various components of ecosystems,
and quantifiers must measure each component using
techniques appropriate to it. Designing complete and
accurate measurement systems requires a thorough
understanding of the biological and physical attributes
of what is being quantified, If not bazed on knowledge
of such dynamics, a mezsurement system may not ad-
dress afl the GHG flows that a project is likely to af-
fect. (See Chaplers 6, 7, 8, and @ for specific technigues
and methods appropriate for each type of project and
Thow.}

The accuracy of claims for a project’s offscts will
generally reflect the rigor of the methods used 1o mea-
sure and quantify them. This, in turn, means that proj-
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ect developers face a quandary, A more rigonous mea-
surement plan will produce more accurately quantified
ofsets, but i will also drive up the cost of producing
them, O the ather hand, a less-rigonous measurement
plan will lower project costs, but it will also drive down
the price the offsets can command in the marketplace.
Successful project developers will strike a balance be-
tween rigor and cost-effectiveness, producing real GHG
benefits while also realizing an acceptable profit,

For example, in theory, it is preferable 1o measare all
GHG fows and carbon stocks of the project as directly
as possible, However, this can become prohibitively ex-
pensive. Less-direct methinds, such as models and em-
pirical relationships, tend to yield less accurare resulis.
One reasonable approach is to carefully measare major
GHG Mows and carbon stocks, while relying on models
and empirical relationships to estimate besser lows and
stocks that will have 2 minor impact on the amount of
offsets a project crestes.

Deciding Which Emissions and Sinks to Quantify

Abong with establishing a project’s baseline, quantifiers
must assess all potentially significant changes in GHG
flows within the project’s boundarbes. These flows in-
clude inadvertent emissions arising from activities re-
lated 1o the project, such as from the burning of fos-
stl fuels 1o operate farm equipment. (See Appendix 2
for more on inadvertent emissions and how to quantify
them.)

However, quantifiers do not normally have to ac-
count for "upstream” and “downstream” emitsions re-
lated to the project because project developers do not
control those emissions, Upstream emissions result
from the prodection of inputs to a project. For exam-
ple. teee-planting projects may require seedlings grown
in @ nursery, which may use vehicles that burn fuel
that emits greenhouse gases. The nursery can choose
higher- or lower-emission methods of growing seed-
lings. However, the tree-growing project does nol con-
trod those choices, and thus quantifiers shoubd not have
te inclade them in the propect’s GHG inventory. On the
other hand, quantifiers should take 1o account emis-
sions associated with transporting and planting the
seedlings.

Counting upstream emission cuts can lead ta dupli-
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cation, For example, if a new forest plantation grows
wood fiber to replace concrete or steel in construction,
the landowner, the manufacturer of the wood prod-
ucts, the contractor who builds bulldings, the owner
of the buildings, and the steel or cement manufac-
turer may all want to claim cuts in greenbowse gases.
However, one ton of emission cuts can legiimately off-
set only one ton of emissions. These Lypes of conflicts
are resalved by allowing those directly responsible for
emissions cuts and carbon offsets to own them. In this
example, the landowner could ot claim the emissions
cuts. Instead, regulators of @ mandamory cap-and-trade
system would likely allow the steel or cement manufac-
turer to claim an emisshons credin.

Downstream emissions occur when other partics
acl on & propect’s outipuls. For example, a farmer may
sequester carbon in sl by reducing tillage. That
farmer might produce corn, and the buyer of the corn
might use it to feed cattle, which produce methane
when digesting the grain. The farmer who grows and
s¢lls the grain does not have to take responsability foz
the methane cmissions of someone else’s cattle because
the farmer does not control those cartle.

However, a project should account for downsiream
GHG emissions from lands and waters owned by oth-
ers if those emissions result directly from project ac-
tivities and not from anyone elee's activities. For exam-
ple, some nitrogen fertilizer applied to fiekds often ends
up in streams, where a portion tarns into nitrous oxide
that is emitted to the stmosphere. The leached nitro-
fen is a side effect of producing crops, not a marketed
product of the farm operation. Because no other down-
stream landowner is causing the emissions, a project
that uses fertilizer must take responsibility for those
emisshons. (Most projects would report average emis-
sions from N0 leaching in the region, rather than at-
tempting to actually measire those emissions.)

Some landowners aiming to create offsets may be
tempted to lake credit for up 1 culs in o
ter which they are not entithed, For example, if a farmer
uses Jess chemical-nitrogen fertilizer, he or she may
wish to claim credit for a drop in emissions from the
manufacture of the fertilizer. However, becaunse the up-
stream manufacturer of the fertilizer is not participat-
ing in the project, the farmer does not own those cuts
and thus would not be able to sell them as GHG offsets.
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Creating Contracts for Trading Offsets

Because offsets are property, property law determines
how lamdowners, project developers, and buyers can
teansfer owmership of offsets. For this reason, partici-
pants normally complete a contract before a project
begins that clearly articulates the nature of the proj-
ect and allocates costs, risks, liabilities, and profis,

Contracts between lapdowners and project devel-
apers may commit the former to performing speci-
fied activities or delivering a certain number of off-
sets. Contracts between project developers and bay-
ers usnlly specify delivery of a certain number of
tons of sequestered carbon or cuts in greenhouss
emissions, caleulated using a specified process. In
either case, the confract mast specify who owns the
rights to the offscts and, if applicable, prohibit the
landowner from registering or otherwise claiming
GHG benefits, to reduce confusion and the risk of
double-counting. To be legally valid, contracts must
provide some benefit 1o each party. such as allocating
carbon offsets o one party in exchange for payments
to the counlerparty.

Contracts should include a praject schadule. For
example, a contract governing sequestration of car-
bon in teees or soil should refer to a moniztoring and
verification plan, if completed, or a schedule for de-
veloping and approving such a plan. The contract
should also include o schedule for implementing the
plan over a specified period, Even if a contract covers
only the transfer of existing offsets, It should specify
dates for payments and delivery of offests

Contracts that transfer rights to offsets based on
emissions cuts, such as those based on capture of
methane from manare, may run for relatively short
periods of time, such as ore to five years. Contracts
that transfer offsets based on sequestering carbon, in
contrast, usually run for ot least 2 decade.

Carbon-sequestration contracts may involve a
perpetual commitment 1o keep carbon stored, or they
may run for only a fixed period. If the commitment
to store carbon is perpetual, it cannot be secured only
by a contract. Contracts, by definition, can run for
only a limited period of time. A buyer can ensure a

perpetual obligation only by obtaining a property in
terest from the seller, usually in the form of an ease-
ment requiring or prohibiting certain land wses or
management praciices. (An easement should be re-
conded with the title to the land. so new landown-
ers cannot claim they did not know about it} How-
ever, many landowners may be unwilling to grant 2
perpetsal easement for much less than the price they
would gain from selling the property outright. In
that situation, & project developer may wish 1o buy
the land rather than an easement. As an alternative,
the buyer or developer could obligate a landowner to
maintain carbon stocks for 2 specific period of time
(at a reduced cost), with the cxpectation to negotiate
a new contract with the same landowner or a diffee-
ent landowner when the original contract expires.

OMfset contracts vary widely in the way they dis-
tribute risks. For example. a profect that requires a
significant capital imestment (such as one involy-
ing planting trees for forest sequestration or build-
Ing a manure digester for reducing methane emis-
sions) may specify payments from buyers long before
the project creates offsets. In return for advance pay-
ments, abuyer may require a security intérest in lands
of facilities, to limit the risk that the project may no
produce the offsets. One approach is again to record
a lien, covenant, or easement on the title 1o the land.
This interest can expire at a certatn time or after the
buyer acknowledges that the seller has fulfilled the
contract's ohligations,

Contracts may specify delivery of a fixed number
oftons, or they may require (or prohibit) specified ac-
tivities and transfer all resulting fons to the buyer, If
the contract obligates the landowner only to perfosm
sprcified activities, the buyer bears the risk that the
activities will not geperate the anticipated amouant of
offsets.

Besides specifying the amount of offsets that a
project will provide, a contract may also warrant
that an independent verification organitation (in the
case of a volantary program) or a specified regula-
tory agency (in the case of & government-mandated
cap on GHG emissions} will accept the offscts. To
satisfy buyvers who must comply with emissbons caps.
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contracts may guarantee that a project developer will
deliver affsets of comparable quality if the antici.
pated offeets do not appear or are deemed upaccept-
able, As an alternative, buvers may opt to purchase
insurance from a company that promises to provide
suitable offsets if regulators or independent verifi-
ers do nod accepl the contracied offsers. Contracts
may also specify the steps that the parties will take if
one claims default and the other contests the claim.
A common procedure is to require arbitration with
specific rules for that process, including hiw to select
and pay the arbitrator, Parties commanly split the
cost of arbiteation, especially i i1 will define a settle-
ment rather than assign fault.

Parties wishing 1o transfer ownership of offsets
may consult several sources for examples of con-
Iracts:

=The Master Agreement for the Purchase and
Sale of Emission Products, by the Environ-
mental Markets Association, covers offsets
sodd outside an emissions cap (httpfwww,
environmentalmarkets.org).

~The International Emissions Trading Assocks-
thon (IETA) offers multiple model contracts for
transferring offsets within the European Trad-
nsg System o comply with the Kyoto Protocal
{hupeliwww ietaorg).

=The Emissions Trading Master Agreement for
the EU Scheme V2.0 provides a framework
for trading offsets between two parties or for
multiple trades of emissions allowances.

=The IETAs Clean Development Mechanism
Emission Reduction Purchase Agreement V1.0
Is specifically taibored to trading offsets before
they are created. This detailed contract, which
includes provisions for verifying offsets under
the Kyoto Clean Development Mechanism pro-
cess and for dealing with a project that pro-
duces fewer or maore offsets than anticipated,
can serve as a checklist for shorter contracts,

~The Climabe Trast website (ittp:fwww,
climatetrust.ong) describes the terms the trust
will ask for in a contract to purchase offsets.

=New Teols for Improving Governmen! Regula-
tion; An Assessment of Emissions Trading and
Other Market-Based Regulatary Toals by Gary
Bryner, published by the Center for the Busi-
ness of Government, provides a basic primer
om offset contracts.

Of course, parties must modify model contracts
1o fit particalar transactions and consult legal coun-
sel on the appropriateness of particular provisions,
given the laws of the locality that governs a contract.

The farmer could take credit, on the other hand, for the
drap in N0 emissions from project lands that results
Trom the use of bess fertilizer.

To make accounting more tractable, policy makers
may specify that emission mitigation be counted either
upstream or downstream from where it is actually oc-
curring. For example, a building constructed of wood
keeps carhon stared in its wooden striscture. However,
it would be very expensive to quantify and track the
wood in hundreds of millions of structures. Policy
might assign the right to count the emission mitiga-
tion provided by bolding carbon in wooden structures
to landowners who grow timber, IF the right to count
the carbon storage in wood products ks assigned to the
grower of the tree these products are made from, then

the counting is done upstream from the physical stor-
age of the carbon in a structure. The key is that double
counting is avoided because podicy establishes a single
point in the production chain at which a particular
Lind of GHG benefit is counted.

Greenhouse gases removed from the atmosphere
and re-emitted within the same accounting period do
not gount as offsets, For example. it a farmer grows and
harvesis a crop but then feeds the grain to livestock
and allows the residue to decompase, the project would
produce no offsets. The CO, from animal respiration
and the decay of plant residue replaces the CO, initially
remuoved from the atmosphere by the growing crog.

Project developers do not create new offsets by sim-
ply maintaining those they previously created. For ex-
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ample, suppose that in the first year of a project, trees
absorb and store one ton of CO, from the simosphere,
and the project gains credit for this as an offset, After
the first year, the trees are stricken by drought and stop
growing, The project will not create no new offsets after
the first year, as it simply continoes to store the carbon
H\q'l-l-l.-‘sm and credited in year ane.

Determining Who Owns Offsets

I carbon offsets are traded in markets, they are legally a
form of progerty, and their owners must be clearly and
uniquely identified. Therefore participants ln a project
{whether landowners, project developers, or buyers)
should assess ownership of any offsets. This normally
requires assigning the rights and responsibilities for
preducing and owning them (see sidebar on “Creating
Contracts for Trading Offscts™)

The owner of lands or factlities that reduce GHG
emissions or sequester carbon wsually has a strong
claim to the resulting offscts. However, in practice,
multiple parties may have claims to carbon offsets. For
example, a Farmer renting a field may sequester carbon
in the soil by switching from plowing to no-till cultiva-
tion. However, the landowner—nad the farmer—owns
the soll storing the carbon, and that landowner may
later pursue land-use practices that release those stores,
such as by reinstating plowing. A prudent buyer of car-
bon oifsets would require both the Earmer and the land-
owner 10 Sign a contract assigning rights to any offsets
and would require both to adiere to land -management
practices that protect those offsets.

Unclear or contested land titles weaken rights 1o
offsets unbess all parties with claims to the land con-
tractually assign the rights to any offsets. If landowners
have previously enrolled their lands in the Conserva-
tion Reserve Program or another federal program that
requires them to stop farming and plant grass or trees,
the federal government may own the affsets that result
because the government compensales farmers for par-
ticipating in the program. However, In a cap-and-trade
system, policymakers may choose to transfer owner-
ship of any resuliing offsets to landowners to provide
another incentive for them to participate.

Buyers typlcally prefer to purchase large blocks of

offsets instead of contracting with many kndowners
and project developers for numerous small and inde-
pendent offsets. This provides a role for retatlers and.
brokers {sometimes referred 1o as aggregators), who ac-
quire offsets from numerous landowners, ensure that
offsets are reliably measured and verified, and provide
blacks of “clean™ offsets to the market. Although re-
tallers and brokers ofien do not own the offsets, buyers
may prefer to work with those that do. That is because
such entities are in a better position than individual
landowners to self-insure—to make up any shortfalis
in the offsets they agree to provide 1o buyers, who use
them to meet their emission caps.

Buyers value certainty in the number of offsets and
the time of defivery. Landowners, in contrast, tend 1o
be unwilling to deliver a specified number of offsets at.
a specified time unless the price of offsets is high, pre-
ferring to commit only to certain land-management
practices. If a contract requires a landowner to pur-
sue certain land-use practices rather than create a cer-
tain quantity of offsets, the buyer assumes the risk that
greenhouse benefits will not materialize. Contracts
that specify certain land-use practices therefore usu-
ally transfer all eesulting offsets to the buyer. As an al-
ternative, contracts may specily certain land-use prac-
tices and require delivery of a minimum amount of
offiets. Another alternative is that, in the future, insur-
ance may become available where the insured could re-
ceive compensation if a project does not produce the
antickpated amount of offsets,

Accounting for Leakage

Although project developers and quantifers generally
do not have to account for upstream and downstream
emissions, they do have to account for leakage—
emissions displaced from inside the prodects bound-
aries to sources owtside it. Leakage is of most concerm
with prajects that aim to boost carbon stocks in existing
forestlands by carbing logging. U5, markets for forese
products are robust, and changes in supply in one region
often spur compensation in other regiona, For example,
when logging in the Pacific Northwest was sowed to pro-
tect the spotted owl, harvesting shified to the Southeast.
That isleakage on a grand scale.
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Landowners alming to produce offsets by cutting
back their timber harvesting must determine how
changes in the supply of forest products will affect de-
mand for those products. The landowners must then
take the resulting GHG emissions, or ks of carbon
stoged in bkomass, into sccount in measuring the net
greenhouse impact of their project. Assessing leak-
age can be challenging, but fairly standard econemic
methods can help (see Chapter 10,

Unlike proects that curb timber harvesting, those
that reforest marginal agricultural land are unlikely to
result in significant keakage. U5, farmlands overproduce
agricultural commadities, 5o such projects will probably
ot spur other farmers to convert forests to croplands to
replenish the supply of crops. Such projects will therefore
not displace emissions to other lands, Projects that entail
a shift from plowing to no-till farming are also unbikely
to produce leakage becanse the latter practice often im-
proves soil fertility and thus boosts crop yields. Therefore,
emisstons will not move o other locations.

Leakage i3 a concern il farmers restore marginal crop-
lands in one area 10 grasshinds while converting other
grasslands 1o crops. To address this isve, grasdand-
restoration projects esually need to establish baseline car-
bon stocks on a farmer's entire property three 1o five
years befare the projects begin.

Unlike uncapped landowners, companies or coun-
tries subject to emissions caps do not have to account
for leakage il they themselves reduce their emissions;
regulators limit total emissions regardless of how they
move around among emiters, Consider a situation
where one utility reduces its emissions by producing
less pawer, while another utility increases its emissions
because it produces more pawer to replace the last sup-
Ply. The second company must still meet its own emis-
skons cap. Thus overall emissions among the capped en-
tities cannol excesd the total established by regulatoss.

Quantifying Offsets from a Project

Projects will devote significant effort to implementing
the protocols fer measuring changes in emisshons and
carbon stocks as detailed in the monitoring and verifi-
cation plan. To ensure that measurements are both re-
liable and complete, the erew measuring soil cacbon,
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biomass, and methane and nitrous oxide emissions
in the field must receive specific guidance on bow to
perform all measurements. Crews should demonstrate
proficlency before quantifiers use their measurements
to calculate a project’s net greenhouse benefits.

Quantificrs use the results of such measurements to
calculate the carbon offsets to be claimed by project de-
velopers. This process requires five stages.

Stage | entails calculating either C, the total stock
of carbon stored on project lands (in the case of a proj-
ect based on carbon sequestration], or E, the total GHG
emissions from project lands (in the case of a project
based on reduction of GHG emissions). Quantifers
must adjust C or E to account for inadvertent emissions
arising from the project (see Appendix 2\

Stage 2 entails calculating B, the bascline (in the
same wnits a5 Cor E), and L, the leakage.

Stage 3 entails caleulating the net GHG benefit of
the project, before accounting for leakage, In the case
of a carbon sequestration project, the amount of car-
bon stored on project lands should be greater than the
baseline:

Net GHG Benchit = (C - B) Equation 3.1a

In the case of a project based on reduction of GHG
emissions, the emissions from project lands should be
lower than the baseline:

Met GHEG Benefit = (R - E] Equation 2.1k

Stage 4 entails calculating the project's carbon off-
sets by subtracting leakage from the net GHG benefit.
By comvention, leakage is expressed as a fraction of the
total NET GHG Benefit, so

Oflsets = Net GHG Benefit = (1- L) Equation 2.2

where the offaets are expressed as metric tons of COye
(see the end of this chapter).

Stage 5 emtails accounting for the uncertaimy or
probability error in the offsets cakeulated with Equa-
tion 2.2, This is critical because as uncertainty rises,
regulators of a capped system will geperally accept a
smaller propostion of offsets as real, and buyers in a
voluntary system will generally pay bess for the offsets.
To assure regulators and buyers that the offsets being
marketed are real, the offsets actually credited to the
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propect are typleally reduced by the uncertainty in the
calculated offsets. In other words,

Credited Offsets = Offsets - 5, osy  Equation 2.3

where 5,y . - s the uncertainty in the offsets 21 a con-
fidence bevel of CL% and is calculated using the stan-
dard statistical technbques described in Appendix 3. As
discussed in that appendix, we recommend that uncer-
talnties be stated at the 30% confidence level (Le., CL =
90%). This means that there is 2 one in ten chance that
the actual offsets achieved by the praject are less than
the Credited Offsets calculated from Equation 2.3, Be-
cause uncertainty reduces the offsets credited to a proj-
ect, project developers are confronted with a choice,
Projects that rely on less reliable methods will gener-
ally entail bess operating cost, but they will Lkely gen-
erate larger uncertainty. The challenge for developers
is to optimize profits by Ainding & balance so that the
methods used to generate acceptable levels of both un-
certaingy and operating costs.

Registering and Verifying Offsets

After quantifying offsets, project developers must com-
plete 3 few more steps before they can casily sell them,
To ensure transparency and make verification possible,
developers should make public a brief written report
that addresses several aspects of the project:

=Where it was located.

-Who was responsible for implementing it

-What activities landowners or farmers undertook
1o generate offsets.

=Who was responsible for quantifying and verify-
ing the offsets, and how they did so.

=How many tons of offsets the project generated.

~When the offsets occurred, and how long they
will perskst.

Concerns among praject developers about safe-
guarding proprictary information should not prevent
transparency. Published reports can outline the ap-
proach to quantifying greenhouse benefits while pro-
viding only general information on land conditions
and production technbques. Published information can
similarty summarize a landowner's obligations and the

legal instruments used to establish and enforce those
obligations rather than include the entire contract.

Project developers then need to enlist an indepen.
dent party to verily the offsets. Most regulated systems
require registration and independent verification, Even
though voluntary systems do not, buyers should be
wary of any offsets that have not been regisiered and
verlfied,

Verifiers act as auditors of the offset process, They
review the data gathered from project measurements
and the methods used to quantify 1he offsets, to en-
sure that quantifiers implemented the measurement
and verification plan properly and accurately. To avoid
confibcts of interest, verifiers should not be involved in
the project in any other capacity.

The final step in the process is to register the offseqs,
This entails filing notice of the offsets with the appro
priate agency, which assigns the owner a unique iden-
tifying number (just 23 in the registration of publicly
traded securities and Land properties), If the offsets are
sold, the registration is amended 10 reflect the trans-
fer. Thus ownership of the offsets is unambiguous, and
they cannot be sold to mare than one party at a time.

Retiring Offsets

When a company or country buys offsets to comply
with its emissions cap, it surrenders those offsets to the
regulators of the cap-and-trade system, who “retire”™
them 1o ensure that no other company ar country camn
use them. For example, regulators may assign a wtility
a cap of 100 tons of GHG emissions during a certain pe-
riod, 1T the company emits 110 tons, it must buy at least
10 tons of offsets to comply with its cap. When the wtil-
ity uses the offsets to meet its cap during that period,
regulators retire them, prechading anyone else from us-
ing the offsets. An environmental group or sther con-
cerned party could also voluntarily acquire offsets and
retire them by submitting them to regulators.

Offsets thay involve sequestering carbon in trees or
sobl are reversible. For example, timber grown under &
forestry project can be cut or burned, re-emitting the
stored CO,. Offsets that entail avoiding GHG emis-
shons, in contrast, are permanent. For example, if &
farmer creates offsets through practices that lead to
lower emissions of methane or nitrous oxide, even it
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that farmer Later reverts to high-emission activities, the
affsets created carller still continue 1o exist.

Regulators and buyers must have a mechanism for
tracking reversible offsets to ensure that they have not
been lost. One approach is 1o assign them an expiration
date, Unless a wtility or other buyer submits evidence
that the offsets continue to exist by the expiration date,
regulators can reclassify them as expired. A company
or country that relies on reversible offsets to meet its
emissions cap is essentially deferring emissions to the
tirme when those offsets expire. The emitter must then
either buy new offsels or show that the offsets remain
intact,

Expressing Offsets in Global Warming Potential

Participants In a cap-and-trade system must have a
uniform way of quantifying the greenhouse impact of
the offsets they buy and sell. That is especially impor-
tant because different greenhouse gases cause different
amounts of warming per unit of gas, and they persist
for different lengths of time in the atmosphere.

Global warming potential (GWP) compares the im-
pact of different GHG emissions on the climate over a
100-year period.* The GWP of each greenhouse gos is
determined by two quantities: the amount of warming
a specified amount of the gas causes and the amoant of
thmee it persists in the atmosphere. Consider two hypo-
thetical greenhouse gases, A and B, Both remain in the
atmosphere for the same length of time, but A causes
twice the warming as B. In this case, A would have a
GWP twice as large as that of B. Alternatively, imagine
that A and B cause the same amount of warming, but A
stays in the atmasphere twice as long as B, In that case,
A would again have a GWP twice as large as that of B.

By convention, the GWE of COy, is assigned a value
I, and the GW Psof other gases are expressed in relation
to that of C0,. Table | provides the GWP of the theee
gases most rebevant to land-management practices:
0y, methane (CH, ), and nitrous oxide (N,0). Two
sets of values are shown, one se1 from the 1995 report of
the Intergovernmental Panel on Climate Change and
the other from its 2001 report.®

In quantifying offsets, quantifiers use GWPs 1o con-
vert the tons of CH, and N0 emissions that a project
avoids emitting into metric tons of COLe (one metric

The Process of Creating Offsets

Tabbe 2.1 bM}-Year Global Warming Potentials

(o~ | e | weh ]
[extomgonac |0 [
| Methane i b 1] | n
(Niwsede | w0 | s

Sowrer: Intengevernmental Panel on Climate Change (1995,
ML

ton equals about 1,205 pounds). For example. in 20401,
one ton of CH, emissions had the same warming po-
tential as 23 1ans of COy, and thus it would be 23 tons
Cye,

Field scientists typically measure the amount of car-
ben 2nd nitrogen in biomass and soil, rather than the
amount of COy and M, 0. Thus, to quantify offsets, ana-
lysts peed to comvert those field measurements into the
equivalent amounts of GHGs, For carbon, they do that
by dividing the molecular weight of CO, (44) by the
muolecular weight of carbon (12) and multiplying the re-
sult (3,67) by the amouns of carbon in seil, Thus storing
I ton of carbon in the soll saves 367 tons of COe. Ana-
Iysts can similarly convert nitrogen to N0 by divid-
ing the molecular weight of NyO (44) by the molecular
weight of M, (28). They multiply the result (157} by the
amount of nitrogen that becomes 8,0, Thus 1 ton of
nitrogen emitted as N, O equals 157 wns of N,0. Using
a GWP of 296 for N0, 157 tons of N0 is equivalent
to 464 tons of COe. With offsets reliably quantified
in tons of COye, landowners can sell them 1o compa-
nies or countries that must meet their emissions caps
or 1o buyers that voluntarily agree to limit their GHG
EIMisAs0n,

This overview of the steps involved in developing car-
bon offsets based on kland-management techniques re-
veals how challenging that process can be. However,
wilh careful planning and implementation, landown-
ers and farmers can create reliable offsets that help
slow global warming while they alse reap a new Income
stream. The next chapter explores the various kinds of
offser projects landowners and farmers can pursue,
Part 11 of the book then provides a more detailed dis-
cussion of each of the steps outlined in this chapter.
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Chapter 3

Land-Management Options
for Creating Offsets

Landowners and project developers can pursue a va-
riety of activities 1o create carbon offsets. This chapter
forcwses on four overarching types of projects based on
those activithes:

L. Projects designed to sequester carbon in bio-
mass through the cultivation of new forests and
grasslands or through delays in the harvesting of
forests.

2, Projects designed to sequester carbon in soils
through changes in farming practices, such as
through the adoption of no-nill farming.

3, Projects designed 1o reduce greenhouse emis-
shons of methane and nitrous oxide through
changes in farming practices.

4. Projects designed 1o reduce greenhouse emis-
sions of methane through changes in the
practices used to process and dispose of
manure.

These four types of projects do not encompass every
possible change in land management that could oc-
cur at every site, {This book does not address activi-
thes available o landowners thar are not specific and
unigue, such as building windmills and growing bio-
energy crops.) However, they are particularly promis-
ing because they can

~Create larger amounts of offscts per acre than
other technigues,

= Create offsets at moderate or low cost per ton,
~Create substantial amounts of offscts across the
United States,

Although this book addresses each type of project
separately, any ane change in land-management activ-
ity can exert several different impacts on GHG emis-
sions, For example, a project that shifts from coltivating
annual crops theough plowing and applying nitrogen
fertilizer to growing and permanently conserving for-
est couhd produce several types of GHG benefits, These
inchude sequestering carbon in trees and other vegeta-
thon, sequestering carbon in the soll, reducing Fossil-
fuel emissions from the machines used in cropping.
and curbing nitrous oxide emissions from the fertil-
rzer. Project developers can take all these benefirs inta
account in assessing the amount of carbon offsets theic
praject prostuces, To do so, however, they must quan-
tify the GHG benefits of changes in each source of emis-
slons separately {see Chapters 6-9). They musi also ke
Into account a project’s inadvertent emisslons, such as
from the use of fossil fuels 10 power tractors, which re-
duce the amount of offscts a project can claim {see Ap-

pendix 2,

Increasing the Amount of Carbon
Stored in Trees and Wood Fiber

The mast common type of land-management activity
for creating offsets—and often the maost productive—is
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1o boost the amount of carbon tored in trees and wood
fiber, This activity includes four approaches

~Establishing trees on land that docs not have trees,

=Allowing existing trees to grow larger, or other-
wise increasing the amount of biomass in forest
stands.

~Increasing the amount of carbon stored in wood
products and wood waste.

=Decreasing the loss of carbon stored in trees.

Establishing Mew Trees

Trees are uniquely eficient at removing carbon from
the stmesphere and storing i as long-lasting bio-
mass, Oven-dry wood is approximately half carbon by
welght—carbon that was all in atmospheric carbon di-
oxide before the tree converted it during photosynthe-
sis, As it grows, a typical acre of Douglas Br will seques-
ter abaut 300 to 400 metric tons of COye over its first
5010 75 vears. A healthy 100-year-old stand of Douglas
fir on a productive site may hold as much as 800 metric
tons of CO,e.

Practices for establishing trees are well known. On
many siles that could support trees but do not, the bar-
rier is financial rather than practical. There are two
types of financial barriers. First, other land uses may
provide greater financial returns than activitics pro-
ducing GHG offsets. Second, establishing trees usizally
costs several hundred dollars per acre, and investors
may be unwilling to make a substantial cash invest-
ment on hope of receiving a financial return on the fu-
ture sale of ofsets. On optimal U5, sites, the cost of se-
questering carbon bn trees on former agriculiural land
can be as bow as $6 per ton {,‘Oze.' bt rising land prices
may make this bow sequestration cost unattainable in
the future,

Projects that seek to sequester carbon by growing
new trees should sebect suitable lands. A substantial
portion of such lands probably supported trees at some
point during the [ast millennivm and were cleared for
agricultural use. Suitable lands also include those from
which merchantable timber has been extracted, but that
did not regenerate forest and are not managed. Suit-
able Jands usually do not inclusde native grasslands, and

Land-Management Options

most buyers will not want offscts created by destroying
such lands and replacing them with forest. Note that
the conversion of native forest to a fiber-oriented plan-
tation may reduce the amount of carbon stored in the
forest.

The st cost-effective sites for sequestering carbon
in trees are those that are in low-value agricaltural wse
or those with degraded forest that are located where
land prices are low because development demandi
is weak, Such sites may be able 1o grow trees quickly
enough that the revenue from offsets can cover the
costs of purchasing the land and establishing trees.

Sites that require irrigation to grow 1rees are often
not good candidates for sequestration projects because
of GHG emissions from the fuel used to pump irrga-
tion water and because of the potential for COY, emis-
sions when irrigation water chiemically reacts with soils
and waters. Projects would have 1o take such emissions
into account (see Appendix 2. However, projects that
sequester carbon in wood products by irrigating short-
rotatbon trees may be economically feasible, glven reve-
nues from both wood products amd sequestration,

Allowing Existing Trees to Grow Larger

Profect developers can create offsets by increasing the
age of trees at final harvest or by ceasing harvest andl
fetting young trees grow, If harvesting ends, greater
harvest elsewhere will replace most of the lost supply of
wood products. Such a project would therefore have tos
subtract the emissions from the displaced harvest from:
the amount of carbon the project sequesters, Projects
can mitigate such displacement, or leakage, by includ-
ing new wood production. For example, a project that
preserves forest can include a new plantation that is
managed for a high rate of wood production.
Extending timber rotations can sequester a few met-

ri tons of COye per acre each year by raising the aver-
age carbon stock on productive timberland. However,
because developers of such projects would forego tim-
ber revenue, the cost per ton of offsets could be high.
Moreover, these projects would net create offsets until
the forest reached the longer rotation age, but the costs.
of foregoing harvest woubd occur at the start of the
progect. Still, extending rotation lengths increases not
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only the total amount of wood at harvest but also the
average amount of volume growth per year, partially
offsetting the boss from deferring harvest, At today's
wood prices, offsets crested by extending rotations
would wsually cost more than 5100 per ton, However,
they could cost less if the species or quality of the trees
is low ar if the landowner has some other reason for
deferring harvest.

In theary, another strategy for increasing forest
carbon stocks is reducing carbon boases from distur-
bances such as fires and disease, However, in practice,
such disturbances are hard to control. In addition, ef-
forts to reduce disturbances {such as vigorously thin-
ning overstocked stands to curtail the risk of fire and
disease) may also produce more GHG emissions from
the added wse of fossil fuel than the sequestered carbon
offwets.

Inereasing the Carbon in Wood Products
and Wood Waste

‘Wood products such as paper and lumber hold car-
bon sequestered from the atmosphere. Projects may in-
crease such sequestration by boosting the proportion
of harvested wooxd that forest owners set apart for wood
products.

Whether carbon sequestered in wood products
counts a8 offsets depends on the GHG mitigation sys-
tern, A regulatory or veluntary system may assign
ownership of such offsets to tree growers, wood prod-
uct manufacturers, whoever posesses the wood fiber,
the government, or someone else, [f the system assigns
ewnership to the possessors of wood fiber, very few
will have enough carbon storage to justify the costs of
documenting it, so0 most such sequestration would go
uncounted, If the system assigns ownership 1o land-
owners who grow trees, the offsets could provide o no-
ticeable increase in the financial returns from forestry,
thus encouraging the growth of trees for wood prod-
ucts. If the system assigns ownership 1o Lree growers or
product manufacturers, the amount of carbon stored is
a function of the lifespan of various products, based on
sudies of how bong they last.

With efficient timber harvest, only about a quarter
to a third of the carbon in live trees usually ends up in

products. Whereas entire tree trunks may be used to
make paper or other wood products, this stem wood
contains only a bit more than half of the carbon in a
merchantable tree. Processing the stern wood produces.
mill waste, which further reduces the carbon from
trees that goes into wood products, Some of the mill
waste is used for products such as partiche board (which
could be counted as sequestered carbon for the life of
the board), but some is burned for heat or electricity
{which could not be counted as sequestered carbon, but
which might avedd fossil-fucl emissions) Nevertheless,
the rate of carbon flowing into prodscts can be signifi-
cant, For example, tree growth on a productive site
hosting Douglas fir in the Pacific Northwest can aver-
age more than 200 board feet per acre per year, This-
represents slightly more than | metric ton of COye of
carbon in lumber.

Carbon sequestration in wood products can rise
even when carbon stocks within a forest are con-
stand. In a forest where harvest equals growth, and the
amaount of carbon in woody debris and on the forest
floor remains constant, the 1otal amount of carbon in
the forest will not change appreciably. Yer wood is flow-
ing out of the forest, and any wood products will se-
quester carbon, OFf course, wood products are taken
oul of use over time, so project developers and buyers.
must apply decay rates to offsets based on sequestration.
in these products.

The ultimate fate of the wood products also affects
the amount of offsets that a project can creste. When
buried in an engineered and managed kandRll, most
carbon in wood waste remains stored almost indefi-
nitely, Buried waste usually releases a small amount of
methane, bat this usually cancels out only a portion of
the sequestration, However, if waste is burned or left
te decompase, it releases essentially all its carbon into
the atmosphere, reversing all the initial offsets awarded
o a project for sequestration in wood products. IF the
waste decomposes in anaerobic conditions, it could re-
lease enough methane 1o lead 1o a negative offset.

GHG mirigation systems may allow project develap-
ers to count carbon stored only in wood products that
remain in wse, or they may also allow them to count
carbon in products disposed of in landhlls, 1T the bat-
ter is the case, either the landfill operatar or the proj-
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ect developer can claim credit for the offscts depending
upon who owns the rights to the carbon stored in the
Landfll.

Decreasing the Loss of Carbon Stored in Trees

Carbon released from forests accounts for a significant
proportion of anthropogenic emissions. In the United
States, forest is usually cleared for residential devel-
opment.* In developing countries, forests are usually
cleared for agriculture, Reducing those losses would
not only provide greenhouse benefits but also help
maintain the ccalogical value of forests.

However, simply preventing the removal of trees
from a specific area, without addressing the reasons
why removal is occurring. is unlikely to result in much
net GHG benefit. Most demand for wood or land will
be displaced o ather bocations.

Project developers may satisfy demand for wood
by establishing a highly productive forest plantation
on land not previously forested, usually land in agri-
cultural use, Displaced demand for agricubtural land
could be offset through lower agricultural subsidies
or the use of more productive or sustainable farm.
ng methods. Incentives for chustered development,
or regulatory limits on development, could also re-
duce demand for lapd. Fer example, a landowner could
volusntarily cluster development—indeed, clustering is
occurring in many forested rural regions of the United
Stales to preserve habitat—or a zoning board could re-
quire clustering. Any resulting offsets would have to
undergo an additionality test and account for leakage.
However, they would be legally strong if both the land-
owner and the zoning board acknowledge the potential
claims of the other and share the benefits.

If trees have valise as timber, and the landowner re-
quires payment of at least the value of the timber 10
preserve the trees, offsets are likely to cost at least 570
per metric ton COye in the United States. The cost of se-
questration can be much Jower if there is no alternative
economic use of the wood fiber. The cost can be much
higher if & project mast buy all the timber on a prop-
erty each year but can count only a small portion of the
todal carbon stock as an offset each year because clear-
ing affects anly a small proportion of the forested area,
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“This optéon is financially viable only if offsel prices are
relatively high.

Increasing the Amount of Carbon Stored in Sail

Globally, soil and plant detritus contain 1.5 to 2 trillion
metric tons of carbon—nearly three times the amount
in the stmaosphere. Yet conventional agricultural prac-
tices, especially plowing. have reduced soll carbon
stocks. This situation has created an opporiunity foe
landowners: by replenishing these lost carbon stocks,
they can remove carbon dioxide from the stmosphere
and can market the stored carbon as offsets, Practices
that restore carbon also improve food security because
they help soil retain moisture and nutrients while mak-
img those nutrients accessible 1o growing plants. That,
In turn, reduces the need for nitrogen fertilizer, thereby
cutling nitrous oxide emissions.

Crver time, the amount of carbon in soil moves to-
ward equilibrium, when carbon removals exactly bal-
ance carbon inputs. Land-management practices that
change the rate of carbon inpul, rate of carbon re-
moval, or both can raise the equilibrium bevel and in-
erease carbon stocks.

Strategles that can increase soil carbon include:

-Curbing sofl disturbance from tillage when grow-
ing annual crops,

~Increasing carbon inputs [rom plant residue by
boosting the rate of plant growth or the propor-
tion of time that plants are growing and by leav-
Ing the biomass onsite,

~Increasing the proportion of plant biomass re-
tained onsite.

=Switching 1o perennial species such as grasses and
Improving grassland conditbons.

~Changing conditions 1o favor, 1o a degree, the for-
mation of inorganic carbon compounds.

Decreasing Soil Disturbance in Annual Cropping

In conventional tillage, plowing completely inverts the
soil after the harvest of one crop and before the plant-
Ing of the next crop. The acration and exposure of or-
gAnic matter spurs actlivily among microbes that use
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organic materials as food, thereby decomposing it and
releasing CO, into the atmosphere.? Tillage provides
Iimmediate benefits by releasing some nutrients pre-
vioudy protecied within soll aggregates, controlling
weeds, and speeding soil warming in the spring, Flow-
ever, over time, these benefits come at the cost of de-
graded soll quality.

Conservation tillage encompasses a range of methods
for preparing the seedbed that curb evosion and leave at
beast 15 to 30 percent of the surface covered with crop
residue immediately after planting (the specific per-
centage depends on the crop), Conservation tillage also
requires fewer passes of equipment than conventional
tillage and thus reduces fossil fuel emissions,

Such methods include no-till and reduced-till crop-
ping, which disturb the soil less than conventional till-
ape, and other practices that leave substantial amounts
of crop residue on the soil surface. Conservation till-
ape raises the proportion of arganic carbon in the soil
by avoiding increases in soil respiration, which con-
verts organic carbon to CO, released into the atmo-
sphere, Reducing tillage also allows clumps of wil to
retain carbon-containing organic material, preventing
it from decomposing.

Farmers using so-Hill cropping do not disturh the
soil except to carve dots in the ground for seed, No-till
farmers also beave crop residues on the ground, which,
abong with herbicides, help control weeds. Farmers
practicing redieced-rill farming {alsn called strip plove
ing) plow only narrow strips of soil, breaking up the
soil less than comventional plowing. Redaced-till prac-
tices inchude ridge tilling, wherein farmers make ridges
every two or three years and grow a row of crops on
each ridge, leaving the soil undisturbed between har-
vest and planting.

Another type of conservation tillage is chised plow-
ing, wherein farmers use vertical shafts to rip the sodl,
aeraling it but leaving some crop residue to protect the
surface from erosion, Chisel plowing leaves a rough
surface and requires disking to smooth I

Mot all crops are amenable to no-till farming. Re-
moving root crops, such as patatoes, from the ground
disturbs the soil, and Farmers sametimes need tillage to
control pests or diseases. For example, California regu-
lations require farmers to shred the root crowns of cot-

ton plants every fall to control pink boll worm, which
they do using Uilkage.

Recent analyses have shown that reduced-till prac-
tices sequester carbon only under certain climatic
conditions. Regions with relatively high precipitation
(such as the ULS. Corn Belt, which extends from Indi-
ana to lowa) have a fair potential for storing carbon
because they have high productivity, which provides
large amounts of crop reskdue as carbon inpat o the
soil. Dieier environments (such as the Great Plains, west
of the Carn Belt) may not generate enough sequestra-
tion to make offset profects financlally viable, That is
because bower rates of productivity yield only madess
carbon inputs, and soil respiration over a larger pro-
portion of the year may actually reduce carbon inpus
to the soll.

Reduced-till practices such as chise]l plowing can
il disturb the soil encugh that it stores lintle carbon,
Unlike reduced-till farming, no-till cropping can re-
store some of the carbon lost through tillage. Although
sequestration rates vary with climate and crop rota-
tion, no-till farming boosts carbon storage in maoist,
semlarid, and arid conditions alike because it slows
respiration enough to raise the equilibrium soil car-
bon content. Increases in soil carbon are greatest when
farmers couple a switch 1o no-1ill cropping with inten-
sified cropping (see the next section). However, no-till
farming does not expand carbon stocks in cold, moksg
climates where soil carbon levels are already relatively
high, sisch as in parts of castern Canada.

Rotational-till systems uie both conventional and
conservation tillage practices, depending on the crop.
to control pests and weeds. However, rotational sys-
tems are not particulardy effective in sequestering car-
bon. Studies have shown that carbon storage declings
dramatically if land under continuous no-till manage-
ment reverts o convemional tillage. Even a singhe pass
of the plow every four to five years releases much of the
carbon stored through previcus no-till practices.

Switching from plowing to no-till farming may in-
crease nitrous oxide and methane emissions as soil
structure recovers from plowing. The mechanizms that
cause these increases are not compietely understood.
but they probably reflect low oxygen levels within
clumps of sail that form after tillage ends. The increases
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in methane and nitrous oxide emissions can cancel out
the GHG benefits of carbon sequestration resulting
from no-1ill farming for several years. Because most of
the extra GHG impact stems from nitrous oxide emis-
sions, developers of no-1ill projects must carefully con-
trol the timing and amount of nitrogen fertilizer they
apply. They must also continue their projects for at least
a devade to counteract this effect. Also, in many parts
of the coumtry, a substantial portien of cropping al-
ready uses conservation tillage, As a result, the base-
line for a project will reflect this existing proportion
of conservation Lllage, and a proportion of the carbon
sequestration achieved by the project equal 1o the pro-
portion of existing conservatbon tillage will not count
a3 an offser,

Increasing Carbon Inputs from Crop Residue

Plant reshdwes converted into argank matter are the
major source of carbon in soil, so leaving plant reskdues
behind after harvesting is an important technique for
enhancing soil carbon, Farmers can raise the amount
of crop residue by accelerating the growth of existing
crop strains or switching to crops that produce more
biomass. For example, soybeans produce relatively lit-
tle residue, whereas corn generates large amounts. 1f
farmers beave crop residucs on ficlds, switching from
soybeans to corn will increase carbon inputs to the soil,
all other aspects being equal. The extent to which sach
activities can lead to carbon offsets depends on a vari-
ety of factoss that landowners need to carefully con-
sider before they embark on an offset project.

Most crop residues decompose over a few years.
A fraction of | percent of such residues typically be-
comes. humic material, which can persist in the soil
for centuries. Decomposition converts most of the re-
maining carbon to CO,, which is returned 10 the a-
maosphere. The persistence of soil organic carbon is in-
versely related to temperature: cold soils can build huge
stocks of organic matter, whereas many tropical solls
never accumubate much, regardiess of inputs and land-
management techniques.

If farmers expand residue inputs for only a few years
and then retarn to bower bevels, much of the gain in soil
carbon will quickly be lost, as microbes consume easily
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decomposed plant material and refease O, However,
if farmers of moderately productive, temperate soils
sustain high residue levels for a decade or two, a signifi-
cant proportion of the gain in soil carbon from humic
materials should persist long afier the farmers revert 1o
Jow input levels,

Mineral fertilizers and better crop varieties raised
crop ylelds steadily during the latter half of the twen-
tieth century. This increased the amount of plant resi-
die, and thus carbon, in the soil.* In the US. Corn
Belt, rising amounts of crop reskdues partially reversed
losses of soil carbon from tillage in the frst half of the
lasz century. Further increases that may even surpass
natieral s0il carbon levels may be possible through the
application of organic fertilizers such as manure and
compos.

Ralsing levels of organic carbon in soil can increase
nitrous oxide emissions, which have a greater warming
impact than the carbon sequestration mitigates. This is
mwost likely to occur when projects start with very low
levels of soil carbon and when nitrogen is plentiful in
the soll. Moreover, if farmers obain manure by adding
less of it to other locations, then the carbon gains may
come at the expense of carbon losees from the soil a1
other sites.

Enhancing crop production can exert negative as
well as positive GHG impacts on-site, upstream in the
production chain, or downstream, The manufacture
of chemical fertilizers typically causes substantial up-
stream emissons. In some cases, sequestration of car-
bon in soil can more than offset these emissions, but
project developers must analyze the net Impact. Under
continuous tillage, the COue of soil carbon sequestra-
ticn resulting from increased carbon inputs 1o the sofl
from increased fertilization appears to often be lessthan
the CCY, emissions from manufacturing the additional
fertilizer (S<hlesinger 20080). However, land manag-
ers may also apply more fertilizer than plants and soil
biota can absorb, This excess nitrogen can cause signif-
icant nitrous oxlde emissions, and it 1s the major soarce
of dewnsream water pollution in some regions,

Irrigation enhances crop production and therefore
sodl carbon, particularly in semiarid and arid regions.
However, Increasing irrigation typically raises emis-
sions of methane, nitrous oxide. and CO,, canceling
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oul some or all of the carbon sequestration. If efforts 1o
expand crop production rely on more irrigation, proj-
et developers should account for any resulting meth-
ane, nitrous oxide, and CO, emissions, and for emis-
sions from the fuel used for pumping. Rising amounts
of crop residue can slso sometimes lead to methane and
nitrous oxide emissions. Although both dry and motst
solls are generally methane sinks, residue that decom-
poses while saturated with water produces methane,
Farmers may also burn residues to clear the soll sur-
face for later crops, control disease, or release nutrients,
If combustton ks incompiete, this burning produces
methane, Again, project developers must take these
emissions into account,

Boosting crop residue by increasing the proportion
of time that plams are growing on a site usually entails
eliminating or reducing fallow periods, when the soil
is bare. For example, if farming focuses on a summer
crop, and a ficld has lain bare between fall harvest and
spring planting, cover crops such as rye and legumes
enhance carbon storage because of the added residues
they produce, Farmers often treat cover crops as green
manure, leaving the whole plant in the field to provide
maximum carbon input. Although increasing the pro-
portion of time that plants are growing enhances car-
bon storage, coupling more growing time with no-till
farming Is much more effective because this both in-
creases carbon inputs and decreases removals.

If farmers were to allocate the cost of cover crops
only to carbon sequestration, the cost per ton would
be moderately high. However, the cost per ton of sc-
questration could be modest if the cover crop is a nitro-
gen fixer, reducing the need for chemical fertilizer, and
if it enhances soil quality and thus crop production.
Switching from chemical fertilizers to cover-crop resi-
dues may also cut pitrous oxide emissions, much like
switching from chemical fertilizer to manure,

Bare-sammer fallow has proven an imporiant land-
management option tn sembarid and arkd regions, Wa-
ter infiltrating the soil accumulates during the fallow
period, when crops are not actively growing and trans-
piring. Greater water availability enhances production
during the next growing season. which is then followed
by anather fallow period. Unfortunately, soil respira-
tion continues to remove carbon from the soil during

the fallow period. Under a no-1ill system, residues limit
waler bost through evaporation, enhancing carbon stor-
age in semiarid and arid soils. Farmers can coop con-
tinuously on some sites using no-till practices. whereas:
they might need fallow periods if they were using con-
ventional tiltage.

Switching from Annual Crops to Perennial Plants

Over time, croplands converted to perennial cover
such as grass or some kinds of trees approach native
conditlons in the amount of organic carbon they store.
The switch lessens soil disturbance and improves soil
structure, Although the rate of carbon storage 1s con-
siderably slower than the carbon loss that ocourred af-
ter the land’s orkginal conversion to cropland. the soib
is Jikely 1o gain more carbon than under other manage-
ment aplions,

For example, the U.S. Conscrvation Reserve Pro-
gram, which encourages landowners to st aside mar-
ginal cropland for grassland and forest, has seques-
tered more carbon in LS, agricaltural lands than any
other program. As of 2004, the program had cnrolled
nearly 35 million acres with grassy or woady perennial
vepetation ® However, the total sequestration is small
relative to total emisssons from agriculture,

When quantifying the greenbouse benefits of con-
verting cropland 1o grassland or forest, developers nust.
estimate leakage—the other lands planted in crops as a
result of the loss of project cropland. Research shows
that about 20 percent of a conserved area is canceled
by other lands brought into production elsewhere (Wi
2001, The amount of leakage may be more or bless than
the propertion of area displaced (Murray 2004),

Mixed systems incorporate one 1o several years of
pasture or hay into a crop rotation, such as four years
of corn followed by four years of hay. S1ands of peren.
nial grasses such as hay tend 10 have more root mass
than annual plants, so switching from annual crops b
a mixed system can increase carbon stocks by expand-
ing below-ground residue, However, the gains will not
e s great as under a permanent switch from annual
crops to perennial species, particularly If farmers use
tillage to clear perennial plants for an annual crop,

Some projects may consider harvesting plant resi-
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dues lor use as fuel. Developers should analyze such
projects carefully because removing residues reduces
carbon inputs into the soil. The net effect of projects
that remove aboveground biomass from a site will de-
pend on the soil carbon stock, the amount of resid
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plant growih from nutrients rebeased by fre offscts the
removal of residue, leading to a minimal loss or even
an inceease in carbon storage. A portion of the burned
material also terns into charcoal, which can persist for
millennia in the soll {although if sites burn again, the

feft on the soil, and the speed at which the retained
material decomposes, Even so, if residues displace fos-
sil Fuel used for energy, this mitigation will usually be
msch greater than the amount of soil carhon lost.

Improving Grassland Conditions

Several grassland-management practices influence the
carbon balance in soils, and thus they could provide
the basis for offset projects. These practices include re-
ducing grazing intensity, changing the timing of graz-
ing. irrigating grasslands, applying mineral and or-
ganic fertilizers, seeding more productive varieties and
legumes, and reducing or eliminating burning, The
more landowners use these practices in managing pas-
tures and rangelands, the more carbon the lands will
store.
Adding water or nutrients can increase plant growth
and thas the amount of plant blomass available for car-
bon storage. Grazing has an impact on carbon storage
because it removes biomass, but the effects are vari-
able because some plant species respond to some types
of grazing by allocating more carbon to roots than to
shoots. Under many conditions, a higher proportion
of root ressdues than aboveground biomass residues
are incorporated into soil organic matter. As a result,
some grazing regimes that improve grassland condi-
thons can sequester carbon, When the grazing regime
does not have this effect and leaves more carbon in the
shoots, biomass mus: be transferred to the soil through
physical mixing such as carthworm activity or through
Teaching of dissolved organic carbon into the soil. 7
The net impact of fire on the starage of erganic car-
bon depends on two contradictory effects. Intuitively,
burning surface organic matter would seem to Himit the
petential for increasing soil carbon because that prac-
fice converts plant matter into atmospheric CO,. How-
ever, burning stimulates new plant growth, in part by
releasing nutrients bound in plant tissues, In moist cli-
mates (such as the eastern prairkes of the United States),

charcoal may also burn),

The increase in plant prodfuction in response to fire
depends on several factors, including climatic varia-
bility, topography, and grazing. The net effect of fire
on carbon storage is therefore highly variable. These
impacts range from negative under conditions such as
drought, which limits later plant production, to positive
in situations where regrowth (with or without charcoal
production) outweighs carbon consumed by fire.

Sequestering Inorganic Carbon

Most sail carbon projects target organic carbon, which
is derived from the tissues of plants or animals and
is contained in organic molecules. Inorgankc carbon,
though, is an important component of total sedl carbon
levels, particularly in arid soils. Inorgankc carbon can
be very stable and thus remain in soil indefinitely. How-
ever, potential rates of Inorganic carbon sequestration
are low, and in most soils, they are less than potential
sequestration rates for organic carbon. Irrigation can
cause noticeable rates of deposition of inorganic car-
on in soils, but the effect of increasing water can cause
substantial amounts of net CO, emissions from solls.
Pumping irrigation water also causes substantial CO,
emissions if fossil fuel is nsed as the source of energy.

Soils can either produce or destroy inorganic car-
bon, depending on several factors, but mainly on soil
pH. Alkaline soils usually convert CO, from the air
imo solid carbonate, especially calcium carbonate.
Achdic soils usually break down carbonates and bicar-
bonates in the soil, releasing the carbon in these male-
cules as COy. Irrigation of soils with water containing
substantial amounts of calcium bicarbonate can re-
bease inorganic carbon as OO, becanse of acidification
resulting from greater plant growth and nitrogen fer-
tilkzer. If a project entails irrigating arid soils, it should
assess emissions from inorganic soll carbon.
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Reducing Fuel Use

Cutting the amount of fossi] fuel used to manage lands
reduces greenhouse gas emissions directly. Land man-
agers can curb fuel use by switching to cropping prac-
tices that require fewer passes of equipment across
fields or to practices that require less power for each
pass, For example, plowing requires mare power than
muost other cropping activitbes.

Eliminating plowing by switching bo no-till farming
can save a significant amount of fuel while requiring
only modest amounts of greater effort during planting
and spraying, Typically, projects that switch from con-
ventional plowing to no-till farming save about 2 gal-
lons of fuel per acre per vear, Every gallon of fuel burned
emits about 08 tons of CO,. For a farm that cultivates
2,000 acres, reducing emissions by 2 gallons per acre
per year would cut total emissions by about 40 metric
tons of COye per year, If land managers switched back
1o comventional tillage, they would stop generating new
offsets from cuts in fuel use, but they woukd not reverse
affsets from previous years.

Land managers can also reduce emisslons by switch-
ing from fessil fuel 1o biofuels. However, any net reduc-
tions in greenhouse gases must acoount for emissions
from the production of the biofuels, which can be sig-
nificant. Verifiers must also ensure that cuts in emis-
sions are counted only ance, rather than by bath the
fusel manufacturer and the end user. (This book does
not include guidelines for calculating offsets from bio-
fusels. The fuel sector has developed those methods,
and they do not relate directly to land-management
practices.}

Reducing the Use of Nitrogen Fertilizer

Hiological and geochemical processes in soil can con-
vert nitrogen from fertilizer to nitrous oxide, which is
emitted to the atmosphere, Because one pound of ni-
trous oxkde has about 300 times the warming effect of
one poind of C0,. a relatively small amount of nitrous
oxide emissions can offset the entire greenhouse bene-
fit of sequestering carbon in soil.

Land-management practices, especially agricultural
practices, greatly affect the amount and transforma-

tion of nitrogen in soils. The major human sources of
nitrogen in soils ocour when farmers apply fertilizers
and manure and when they incorporate crop residue
into soil.

To mitigate nitrous oxide emissions, landowners
can either reduce the amount of nitrogen in the soil or
interrupt pitrification and denitrification. Nitrification
is an oxidation process that typically releases energy
and produces nitrate. Under some conditions, nitrifi-
cation can result in some of the nitrogen leaking out as
nitrous oxide. Denitrification entails a chain of micro-
biological reactions that mostly produces gaseous ni-
trogen (M, but can also emit nitrous oxide or nitric
oxide from intermediate steps in the process.

The primary option for reducing nltrous oxide
emisstons from soll ks curbing the use of nitrogen fer-
tilizer. U5, farmers often apply more nitrogen in fertil-
izer than crops can absorb, Testing soil 1o determine its
nitrogen content, calculating the amount the next crop
needs, and adding just enough to counter any short-
fall may allow land managers to reduce their fertilizer
use, thereby saving momey as well as reducing nitrous
oxlde emisstons. Such practices can also reduce water
pollution because the excess nitrogen that crops and
microbes cannot absorb can leach into streams and
groundwater during wet periods,

Timing nitrogen inputs to match crop demand for
nitrogen is another strategy for reducing nitrous oxide:
emissions, The greatest need for nitrogen occurs when
crops are adding bivmass and forming seeds, which
wsually have a higher nitrogen content than other plant
tissues. This growth generally occurs in the spring and,
in regions with summer moisture, summer. However,
farmers often apply fertilizer in the fall because the soil
is firm and can support the weight of heavy equipment:
and because they often have more time after harvest.
Fertilizing during planting or after crops emenge (often
by using lighter existing tracks or large tires to avold
soil compaction) can decrease nitrous oxide emissions
and also transdate into a direct financial benefit. Nitri-
fication inhibitors, which slow the release of nitrogen.
can further improve the match between the timing of
nitrogen rebease and crop demand for nitrogen.

Ammaonia and ammenium bicarbonate usually have
higher nitrous oxide emissions per unit of applied ni-
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trogen than other common forms of fertilizer. Thus
farmers can reduce nitrous oxide emissions by switch-
ing from ammonia or ammeninm bicarbopate o an-
other form of fertilizer.

Sodls that are very acidic—thaz is, those with a pH
of 5 or bower—prodoce more nitrous oxide than sther
sobls. Land managers may want to consider liming such
soilito decrease theiracidity. However, liming also pro-
duces C0, emissions, and developers should consider
those emissions when assessing a project’s viabiliny.

If the entire life cyele of agricultural production is
considered, the OO, emissions that result from mang-
facturing nitrogen fertilizer are large. However, if a
farmer reduces use of nitrogen fertilizer, the fertilizer
manufacturer docs not necessarily make less fertil-
izer, and emissions may nod go down, Even if the emis-
shons from manufacturing fertilizer decrease, this de-
crease will show up in the emissions inventory of the
fertilizer manufacturer. The farmer who uses less fertil-
lzer does pot get to count the emission reduction of the
fertilizer manufscturer unless the farmer and the fer-
tilizer manufaciurer have an agreement that the farmer
will count the emission reduction and that the fertil-
irer manufscturer will not count that reduction.

Reducing the Frequency and Duration of Flooding

Although the processes governing methane and ni-
trous oxide emissions from sodl are complex, those
emissions result mostly from just 2 few steps. Both pro-
cessrs require that soils be depleted of oxygen, which
meost often oocurs in water-saturated soils. In methane
generation (or methanogenesish, soil microbes use car-
bon compounds to produce energy under low-oxygen
conditions, with methane as one output. Channpels in
the soil or plants can speedily transport methane from
deep in the soil to the atmosphere, Howeser, if the
methane diffuses into high-oxygen microsites within
the soil, oxidation can consume the methane before
it is emitted 1o the atmosphere. The balance between
the production and oxidation of methane determines
the net flow between the soil and the atmosphere. Ni-
trous oxide production eccurs during denitrification,
In this process, soil microbes use carbon compounds
tix generate energy while consuming soil niteate. This
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process produces mabecular pitrogen (M,) and nitrouws
onide (N,0, which diffuse through the soil and inta
the st rosphere.

Methanogeresis and denitrification occur under
different environmental conditions, but they share twe
characteristics. Both result from the activities of soil
microbes, as affected by temperature, molsmare, pH,
and other environmental fectors. In turn, a few ecolog-
ical conditions—climate, topography. soil properties,
vegetation, and human activity—govern those envi-
ronmental factors, A change in the ecological condi-
tions can change the environmental factors and thus
how much nitrous oxide and methane the soil emits.
For example, intensive graring can compact soil and
limit water and air flows, creating anaerobic condi-
thens {which increases methane production) or pro-
longing dry soll conditions (which increases methane
consumption).

A large proportion of methane emisssons from soil
stem from rice paddies and wetlands. Changing plant
species or rice cultivars can reduce the amount of car-
bon exuded by roots, which reduces the input avail-
able for methanogenesis, significantly curbing meth-
ane emissions, The transport of methane from wetland
soils to the atmosphere occurs mainly through plant
stems and roots, particularly through gas-filled tubes
within those components. Land managers can reduce
the transport amd release of soil gases by replacing
plant species or cultivars with others that do not have
internal tubes that effectively transport gas.® For rice
growers, the greatest opportunity for reducing meth-
ane emissions entakls switching from rice varieties thas
need Aooding to upland varieties that are grown with-
oul flooding.

Reducing Emissions from Anaerobic
Decomposition of Waste

Landowners can often produce offsets by switching
from a manure-handling system that emits high lev-
els of GHGs to a system that emits low levels. Storing
manure with limited aeration usually results in anacro-
bic decomposition, which produces methane. In con-
trast, treating manure o it is thoroughly aerated al-
flows aerobic decompaosition, which generates very low
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emissions. Conversion of manure to methane ranges
from nearly compiete in anacrobic digesters to nearly
nothing in intensive acrobic digesters and daily spread-
ing of residue on fields. A practice that produces large
amounts of methane can have low emissions if it cap-
tases and destroys methane before it is released into the
atmosphere.

The Intergovernmental Panel on Climate Change
has defined common manure-management praclices
with higher methane production (from highest 1o low-
est emissionsk

Anaerodic lagoos: Waste 15 flushed with water to
open ponds, where il 13 stored for more than a month,
with or without the capture of methane or the use of
water that remains after solids settle.

Anaerobic digester: Solids are converted to methane
with the help of a slurry of dung and urine, depending
on temiperature control, mixing, or pH management.
The resulting gas may be released, flared, or used to
PENETAlE POWer.

Liuid slurry; Dung and urine are transported and
stored for months in liguid form, with water added as
needed for handling, in tanks open to the atmosphere.

Pit storage: Combined dung and urine are stored in
vented pits bebow stalls.

Deep lirter (cattle and swinek Dung and urine accu-
mulate in stalls for long periods.

Common manure-management practices with low
methane production (from highest to lowest emissions)
include the following:

= [y lot: In dry climates, litter is allowed to dry in
stalls before it is removed.

=Pasture: Waste from pastared or range animals is
left where deposited and not managed.

= Powltry marnure: Waste is collected in cages, with
or without bedding.

-Solid storage: Dung and urine are collected from
stalls and stored for months, with or without
drainage of liquid; this is followed by another use
or disposal method,

-Composting—extensive; Waste is collected, piled,
and turned regularly for aeration.

= [aily spreading: Waste is collected daily from
harns and spread on ficlds.

=Compasting—intensive: Waste is placed in a vessel
or tunnel with forced acration.

—Aerobic treatment: Waste ke collected as liquid and
managed with forced aeration to allow nitrifica-
tign (the conversion of ammanium to nitrate) and
denitrification,”

Treatment produces large amounts of sludge, with the
extent of methane emissions depending on how the
sludpe Is managed.™

Table 3.1 shows the typical methane emissions from
cach practice. {The warming potential of nitrous oxide
emissions from manure is usually small relative to thas
of CO, and methane emissions.)

As mentioned carlier, landowners can take two ap-
proaches to reducing greenhouse gas emissions from
manure. One is to switch from a high-emissions pro-
cess b a low-emissions process, such as from an anaero-
bic system 1o daily spreading. The other approach is 1o
capture methane from a high-emissions sysitem and
burn it. When methane is burned, it produces CO,,
which is a GHG with a lower warming effect than meth-
ane. Alhough projects that capture and burn methane
meay raise the percentage of manure converted 1o meth-
ane, burning destroys the methane and thus prevents ie
from acting as a GHG. Howewer, the colbection system
must be efficient: if more than a tiny proportion of the
methane leaks into the atmosphere, net emissions may
be greater than those from a bow-emissions system.

When methane is burned and converted to OO,
embsslons are the same as if the manure had decom-
posed. The carbon in methane comes from animal feed,
which is usually plant material grown the year before
the animal ate the feed. Because plants grow by cap-
turing atmaspheric Oy, burning the methane from
manure simply returns that carbon 1o the atmosphere.
Thus, the net offset is the dilfference between the warm-
ing effect of the destroyed methane and the warming
effect of the resulting CO.,

Growing pressure to control odors and air pollution,
combined with new rules limiting air and water pollu-
tion, have spurred interesl in lower-emissions systems
for handling liquid manure. In particular, stricter lim-
its on water and air pollution have prompled opera-
tors of confined animal feeding operations (CAFOs) 1o
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Table 3.1 Methane Production from Different Systems for Managing Manure under Different Temperatures

_-1 Percent of potential | Percent al potential | Percent of poteniial
| CH, production CH, production | CH, production
System aghieved, cocd achived, iemperate schieved. warm il
Pasture (i1 T Qs I o2
Odyoprad | 0w | oes | om
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Dieep lister o | 0 | 03 storage < | month
Diorp liteer 039 L 045 | o2 Starage = | month
Poubry 005 |_ aars | 0K
Solid storage o | 0015 | ooz N
By ot T I aos . s |
Pit o a | 0l LSm_ngImml;h
pit 039 J 045 | 072 Storage » | month
Liquid slurry 0w | D45 | arz
| | Depends on rate
Anacrabic lagoon 0-1 | -1 { -1 of CH, capture &
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| ! 1 Depends on rate
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| | destruction
s il oo | o 0015 |
exlensive |
| Campasting- | |
| imensive LT r T | LT
b — i d
| Acrobsc | andl | 00 | o '

Notes: Cool s defined as an average annual temperature less than 15°C warm is defined a5 an sverage snneal temperature

greater tham 25°C; and temperaie is defined a5 an average anoual temperature between warm and cool. EI'I. production is

the propoetion ol carbon input that is converted to CH,.
Source: IPCC 2000,

adopt new ways of treating large, concentrated amounts
of manure. A single operation that houses over a thou-
sand cows or tens of thousands of chickens can pro-
duce tens of thousands of tons of manure—and signifi-
cant quantities of GHG emissions—each year.

Feed for confined animals is usually grown far from
the CAFO, and animals that eat shipped-in feed usu-
ally produce far more manure than nearby lands can
absorb. Farm managers often wish to avoid the signifi-

cant transportation costs of returning untreated ma-
nure 1o the fields that grew the feed. Anaerobic diges-
tion of manure dramatically reduces the volume of
material that must be transported. Digesters can also
reduce odors and water and air pollution in lagoons
used to stofe manure,

Anacrobic digesters maximize methane produc-
tion by storing and processing liguid manure under
low-oxygen conditions and by providing warm condi-
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Table 3.2 The Potential of Land-Management Options to Create Offsets

——

——= :
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1o reestablishing trees an sites where they were recently remioved by harvest or another disturbance, Mo :.podﬁc kength ol
1ime separates afforestation and refarestathon. However, wnder the Kyota Prosocol. affcrestation refers 1o lands that have
ned been foressed for at beast 50 years. Eligibility for GHG coedits from reforestation is limised to lands that did mot have

frees a5 of December M, 1989,

tions that speed the metabolic activity of bacteria that
digest manure. However, rather than releasing this
methane to the atmosphere, farmers can capture and
burn it. converting the methane to CO, and poten-
tially producing offsets. (A properly managed anaero-
bac digester can also avodd releasing ammonia, which
becomes an air pollutant in high concentrations.) This
approach ks particularly promising for producing off-
sets because use of such digesters is not yet the stap-
dard approach to manure management, The methane
produced by a digester can be burned in a flare, or it
can be cleaned, dried, and burned in a generator to
produce electricity,

As the cost of digesters falls, prices for electricity
and offsets rise, and limits on air and water pallution
become more stringent, more U5, farmers may gain
by converting wet, open systems for handling manure
(such as lagoons) to closed anaesobic digesters. Such a
move can reduce emissions by up bo 5 metric tons of

COye per dairy cow each year and by up to 0.4 metric
tans of CO,e per pig each year.

The Bottom Line

The benefits of GHG mitigation projects must be greater
than the cous, If project developers intend to ereate off-
sets for sale, that means revenues must be higher tham
cous, adjusted for risk.

Boosting revenues requires producing large amounts
of offsets at low or moderate cost. Modest changes
in land use do not wsually produce large amounts of
offsets. Some land-use changes can provide moder-
ate amounts of offscts, but land managers are likely b
consider such changes significant shifts in how they
do business. and thus they may be reluctant to pursue
them (see Table 3.2).

Converting open land to forest can generate several
hundred tons of COue of offsets per acre, usually over
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several decades. Switching to contained manure can
reduce GHG emissions by thousands of 1ons per farm
per year. Yet afforestation and anzerobic digesters re-
quire significant up-front capital investments, Activi-
ties that produce offsets at very bow cost may include
reducing fuel use and changing the use of nitrogen
fertilizer. Land managers may also take inexpensive
steps to increase soll carbon, though they may achieve
annual offsets of only a ton of COue or less per acre.
Maintaining those affscts precludes later plowing ar
land development. Landowners may regard these con-

Land-Management Options

straints on future options as a significant cost, even
though the cash cost of sequestering the carbon may
b low or negative.

For affset projects to be financially viable, they must
usually be compatible with the creation of the products
that ylelded the bulk of preproject revenes. Project de-
velopers must careflully examine their production pro-
cesses to see if a particular change in activities is com-
patibde with continaing to produce nevenue from their
lands.
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Before committing to a project, developers will want
reasonable assurance that it can provide enough offsets
10 justify the probable costs. To develop that assurance,
developers must “scope” the project.

Scoping requires following the same basic steps as
those used 1o actually quantify a project’s offsets. How-
ever, the procedures are less rigorous in the scoping
phase and therefore far less resource intensive, These
steps inchede:

- Assessing additionality and the baseline.

-Estimating the likely changes in GHG emissions
and carbon stocks on project lands, including
inadvertent emissions from the project’s land-
management activities,

=Calculating the net GHG benefits from the project
{the difference between the project’s changes in
oth GHG emissions and carbon stocks and the
Iraseline).

= Estimating leakage from the project.

= Estimating the GHG offsets that the project can
produce, expressed as tons of COye.

The scoping process should also assess the uncer-
tainty in the amount of offsets estimated for the proj-
ect {see Appendix 3). If this uncertainty is large, de-
vebopers face considerable risk that the project will not
produce the expected offsets. Risk ks one element that
projpect developers will want to consider when deciding
whether to proceed.

Developers also cane about the timing of offscts, so

Chapter 4

Step 1: Scoping the Costs and
Benefits of a Proposed Project

scoping should estimate the tons a project will produce
in cach accounting period throughout its life. For ex-
ample, if dernand for offsets in the next year is likely
to be large becanse potential buyers must meet specific
emissions caps, a project that delivers offsets in 10 years
may not be satisfactory regardless of the offsers’ price
or ceriainty.

If initial estimates show that a project is likely to cre-
ate GHG offsets, developers can then estimate the proj-
ect’s coats and net financial return. [7 these analyses re-
veal barrbers (such as that one component of the project
is very costly or has & high risk of failing), developers
may revise the project’s design and then scope it again.
Developers may also use scoping to compare multiple
project scenarios and to consider potential shortfalls or
windfalls in the projected amount of offsets. Taken 1o~
gether, this information enables each potential partici-
pant to dechde whether a project is worth pursuing, and
it servies as a basis for negotiating commitments 1o exe-
cute the project and distribute its benefits among the

partiipants,

Assessing Additionality and the Baseline

The first steps in the scoping exercise are o assess a
project’s additionality and its baseline. Additionality
ensures that the project’s approach is a true departure
from business as uswal so that the offsets claimed for
the project are in fact real. The baseline is composed of
the emissions and changes in carbon stocks that would
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have occurred in the absence of the project. Recall that
developers subtract the baseline from the changes in
emissions and carbon stecks they actually achieve on
project lands ty determine the project’s net GHG bene-
fits. The principles used to assess additionality and es-
timate a baseline during scoping are the same as those
used to establish additionality and quantify an actual
baseline while implementing the project (see Chapter
5L We recommend a method known as proportional
additionality, which considers additionality and the
baseline simultancously, so that the offsets credited 1o
a project ane proportional to the degree that the project
iz additional,

Developers need to bear in mind that baseline emis-
stons and carbon stocks that actually occur during the
project may differ substantially from those found at the
timeof scoping. For example, suppase an animal opera-
tion is now wsing an open lagoon to store manure and
carlier monitoring or independent studies have shown
that lagoons of that size and type emit 50 tons of meth-
ane a month. A project developer wants 1o install an
anaerobic digester, which would capture maost of the
methane and burn it in a flare, so the operation would
emit only 2 tons of methane per month. The developer
would initially assign a value of 50 tons per month 10
the bascline. and he or she would estimate a total of
48 tons per month in net GHG benefit from the proj-
ect, However, suppose that shortly after the project be-
gins, new regulations require all such operations to get
rid of their open lagoons to protect nearby water sup-
plies. Suppose the common approach 1o meeting the
regulations leads to emissions of 40 tons of methane
per month, Once the new regulation goes into effect,
the project developer would have 1o adjust the base-
line downward to 40 tons per month, and the net GHG
benefit would fall to 38 tons per month,

Forecasting Changes in Carbon Sinks
and Greenhouse Cas Emissions

Developers can usually estimate a project’s net GHG
emissions and changes in carbon stocks using either
modeling o comparison sites, where practices that the
profect intends to employ are already in use. These tech-
niques are nsually different from those used to measure

actual outcomes from 2 project. The former are used
1o project the amount of offsets based on anticipated
conditions and results, whereas the laer reflect actaal
mexsurements and calculations made during and after
the project,

Forecasting Biomass Gaing
from Forestry Projects

Scoping a forestry project requires projecting how
much extra carbon the trees will accumulate because
of the project and when the sccumulation is likely 10
accur, In principle, regional publications documenting
the average annual rate of forestry growth could pro-
vide a quick and cheap way 1o estimate carbon gaing
from afforestation projects, which grow new forests on
land, or from projects that extend rotation lengths on
land that is already forested and regulacly logged. Too
be universally useful, such publications would need 100
provide the amount of extra carbon stored in trees each
year as a function of species: the age of the stand or the
size of the trees; and other variables, such as site pro-
ductivity, management, and history. However, the few
tables that have been published do not cover all forest
types, growing conditions, and management practices,
s0 project developers must often use other methods.

One ahernative is 10 estimate gains in stored car-
bon by consulting "benchmark™ studies that forecast
carbon uptake for sites with similar species, history,
productivity, and management. However, developers
must congider how project lands differ from compari-
son lands and what those differences imply for project
oulcomes, A site where an old forest was recently clear-
cut, for instance, will probably have large amounts of
woody debris and logging slash, which will decompose
over tme and add carbon to the soil. Thus a project that
entails seeding and growing a forest on a site that has
not been recently clearcut will likely record a lower net
increase in carbon. Developers can make their scoping
estimates more robust by comparing their site to other
sites with both greater and lesser productivity.

Some kinds of carbon stocks will pot change sig-
nificantly during a forestry project. For example, the
carbon gains in understory plants on sites that grow
forests from bare ground will never be large relative to
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the carbon gains in the trees. Developers may find it
cost-effective 1o use a general estimate of sequestration
in the small stock rather than making a more precise
estimate of to ignore the potential carbon gain in the
small stock completely,

Developers may also use models to estimate the
amoant of carbon 8 tree-growing project will seques-
ter. These models predict how trees in a single stand
or multiple stands will grow, and they use equations
tos convert the increase in biomass to amoums of car-
bon, The simplest models predict how a single stand
will develop. These maosdels are simple to run, but users
marst still select the inputs to drive them and assess the
reasonablencss of their predictions. Developers may
choose to hire a consultant to do so, or they may ask
the profect’s eventual quantifier to perform the model
cabculations.

Multistand models can help account for some chance
occurrences, such as wildfire, ifa project entails actively
managing a forest with many stands. Running the
model thousands of times using probabilistic chodces
for whether a fire occurs or spreads provides a range
of patential outcomes. However, such landscape simu-
latfons usually require a great deal of knowledge, and
their outputs are often of little value without real data.
Developers might use such models to analyze lkely re-
turns on substantial investments, rather than to make
inktial estimates of whether projects are feasible.

Models that predict only changes in the total volume
of timber in a stand. rather than the number of trees
of different sizes, are usually not suitable for predict-
ing carbon sequestration. For example, models of tree
growth often predict significantly higher changes in
timber volume—and thus carbon sequestration—than
observed in reality for old stands. Models that estimate
forest conditions and carbon stocks over more than a
century abso have limited relfability, as small errors in
estimates of tree growth or mortality can greatly in-
fluence the results over time. Expecting forest manag-
ers lo pursue activities decades hence based on a plan
written today is unrealistic in any case. Very long-term
modeling can help rank alternative strategies but can-
nen predict actual results,

Scoping the Costs and Benefits

Estimating Gains in Soil Carbon

Changes in so0il carbon result from a complex Interac-
tion of climate, soil texture, topography, vegetation,
soll disturbance, and history of all those factors. Be-
cause of this complexity, no standard 1ables forecasn
the amount of carbon in soil stemming from changes
in land management. However, developers can use a
varbety of alternative methods—and preferably at least
two, If the methods yield similar estimates, they are
more likely 1o be rellable, although their reliability may
still be uncertain,

Developers can use wser-friendly and well-tested
computer models to forecast changes in soil carbon re-
sulting from changes in land management. However,
these models encompass enly a limited range of tech-
niques for managing lands. 1f the history of project
lands and anticipated project activities are similar tos
those available in the models, the models can provide
reasonably sound estimates of the changes in carbon
stack that the project can achieve. If the lands and ac-
tivities are not similar 1o those in the models, then the
mandels are of limited utility.

PFroject developers can aluo consult w0l scientists at
long-term research sites and agricultural experiment
atations, If the types of sites and Land-management
practices these sclentists study correspond to those
anticipated for the project, the results can provide a
benchmark for estimating the likely increase in carbon
stocks on progect lands from those activitics.

If planned land-management practices have been
in use on a similar site for 2 number of years, a sim-
ple comparison of soil carbon levels between that site
and the project site can prove wseful. For example, if a
farmer plowed an adjacent field for decades and then
switched 10 no-1ill cropping, any difference in carbon
between that field and the project site could indicate
the gain that might accrue from a project invelving no-
till farming.

Estimating Changes in Methane
and Mitraus Oxide Emissions

The approach to forecasting changes in methane and
nitrous oxide emissions on project lands is similar o
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thas wsed to quantify actual changes in emissions dur-
ing the project, except that scoping entails estimating
rather than observing some site conditions. The steps
in this process include specifying the baseline man-
agement regime and the project regime and then com-
paring the stream of emissions expected 1o result from
cach (see Chapter 9).

Accounting for Emissions

from Project Operations

[n estimating how many offsets a project will create,
developers need 1o take into account the inadvertent
GHG emissions their land-management activities may
produce during a propect. For exaniple, almost all proj-
ects produce fuel emisshons, and some produce nitrous
oxide emissions from fertilizer wse,

Developers can start by quickly estimating fuel
emissions from activities such as preparing the site, ap-
plying fertilizer, spreading manure on ficlds, thinning
trees, and spraying from aircraft, as well as from the
manitoring and verification activity itself. If total fuel
use is large and varies substantially by activiry, devel-
opers should caboulate fuel emissions for each activity
maore precisely.

Estimates of fuel use for heavy equipment are based
on the amount of fuel consumed per hour rather than
miles per gallon, Equipment operators should estimate
the mumber of hours required 10 perform each proj-
ect activity [pilots should include the time needed to
fiy to and from the project location) and multiply the
toital mumber of hours by the amount of fuel used per
hour. Developers can then find the tons of COye that
the amount of fuel would emit (for more on inadver-
tenk emissions, see Appendix 2} To estimate emissbons
from the use of additional fertilizer, developers can use
standard equations (see Appendix 2 and Chapter 9).
Developers can then use global warming potentials 1o
convert N0 emissions to COLe (see Tahle 2.1).

Manufacturing fertillzers produces substantial GHG
emissions because the process is energy intensive. How-
gver, because these emissions occur upatream from the
project, developers do not have 10 include them when
estimating the project’s emissions. Under a mandatory
emissions cap, those upstream emissions would count

against allowances credited 1o the fertilizer manufac-
turer. Inan uncapped situation, the emissions could be
seen as 2 kind of leakage (see below), and developers
might need to subtract those emissions from the proj-
cct’s net benefits.

Predicting a Project's Leakage

1fa project reduces the amount of some good or reduces
the amount of land in some use at a particular locatbon,
it may increase emissions elsewhere. Those emissions
are referred 1o as beakage, and must be subtracted from
the project’s net GHG benefit. For example, if landown-
ers plan to stop harvesting timber from a forest, they
should estimate how much harvesting may occur else-
where as a resull, along with the greenhouse emissbons
from such harvesting. Similarly, if a project removes
land from cropping, developers should estimate the
amount of land elsewhere that is likely to be drawn intes
cropping in response to the project. The methods used
to estimate leakage in the scoping phase, involving eco-
nomic tools and models, are similar to those used dur-
ing the quantification phase (see Chapter 10).

Intensifying production on project lands 1o sequester
carbon can increase GHG emissions from some sources
but should not cause beakage. For example, intensifying
forest management generally means using more fuel.
thus producing more operational emissions, However,
such an approach should not incresse emissions from
other forests, and therefore it should ol produce leak-
age. On the other hand, intensified management can
increase upstream emissions from manufacturing in-
puts (such as fertilizer) or downstream emissions from
the use of forest products, In a capped situation, devel-
opers would not count those emissions as leakage be-
catse they would not own or control them, However, in
an uncapped situation, a developer could teeat them as
leakage.

Assessing Risk
Scoping a project shoubd include assessing risk—that is,
the likelihood that some partion of the anticipated off-

wets and financial returns will not materkalize, Sources
of risk include



217

-Poor counterparty performance: A project devel-
oper may not have the capacity to execute project
activities or maintain project lands, especially if
the progect is planned to last decades,

- Production shortfalls: Even if participants do ex-
acthy what they plan, a project may generate fewer
tons of offsets than expected, perhaps because of
unanticipated weather, crop failures or disease,
fire, or floading.

= Price changes: Costs may be higher—or revenues
lower—than anticipated. For projects with com-
ponents priced in different currencies, the value
of those currencies may factuate.

= Ervors in baselines and leakage: Estimates of base-
linees and leakage may be too low, 50 a smaller
propoertion of GHG benefits may count as offsets.

=Large uncertainties in calculated offsets: Despite
the best efforts, the methods used In the project
may vield relatively large statistical uncertainty in
the calculated offsets,

=Faulty measerement and sampling: Poor design
or execution of project measurements may mean
that quantifiers fail to detect some carbon seques-
tration or culs in GHG emissions,

=Regulatory uncertainty; Regulators or verifiers
could conceivably disqualify offsets. However,
regulatory systems and good certification systems
should have mechanisms for reducing this risk,
respuiring that developers receive preapproval for
their project design and their methads for quanti-
fying their results.

Itis hard to overemphasize the fact that events may
Aot transpire as planned. For example, even if models
of tree growth are accurate, the amount of carbon a
forestry project sequesters can differ significantly from
the estimated amount if some arcas prove unsuitable
for planting trees or if stands take longer than usual
1o become established. Developers should therefore es-
timate high and low ranges of possible outcomes and
base their risk assessment on the expected value, or the
average valee of all possible culcomes.! OF course, good
information for projecting the likelihood of different
outcomes is ofien not available, 1o such analyses may
be subjective,

Scoping the Costs and Benefits

Weighing the Bottom Line in Project Offsets

Once developers complete the steps above, they can use
Equations 4.1 and 4.2 to estimate the offsets they expect
a project to produce:

Expecied Offuet = Met GHG Benefit = {1 - L) Equation 4.1

where Net GHG Bengfit i the GHG emission reduc-
tioh of increase in carbon stocks estimated from proj-
ect activities, less the baseline {and any proportional
additionality), and L is leakage {expressed as a frac-
tion of the Net GHG Benefer). Developers can further
refine the expected amount of offsets by factoring in
risk aversion:

Expected Offset (corrected for risk) =
Expected Oifset = (1 - Risk)
Equation 4.2

where Risk is a weighted factor that accounts for events
that might cause a project 1o fail o deliver some or all
af the planned offsets, as well as for the anticipated
level of uncertainty in the generated offsets. This fac-
tor can be tailored o the specific inclinations of indi-
vidual developers. Those who are risk averse would as-
sign greater weight to possible negative cutcomes, while
risk-seeking speculators might assign lesser weight 1o
those owlcomes.

Evaluating a Project's Financial
Costs and Returns

After estimating the amount of offsets they expect a
project to produce, developers need to estimate their
cost per ton, as well as the net income the project will
provide, Even if developers implement a project be-
cause they believe in it, they need to estimate these fi-
nancial costs and benefits to ensure that enough funds
are available to complete it and that they will reap as
many offsets as passible for the money they spend.

To estimate the costs of the land-management ac
tivities they will employ, project developers can rely
an commercial software packages and other published
materisls. These estimates need to take into account a
variety of indirect costs for maintenance and transac-
tions. If such costs are greater than the value anticipated
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from the sabe of the offsets, the project is probably not
worth deing. Maintenance costs can include the costs
of pateolling a project, managing animals, control-
ling fire, and taking other protective actions, as well as
property taxes. Transaction costs include the costs of
organizing a project, negotisting contracts, quantify-
ing and verifying results, obtaining official recognition
of offsets, and transferring rights to offsets. Transac-
tion costs can be greater than the value of the offsets
that small projects generate, However, such costs will
tend to shrink dramatically as more offset projects oc-
cur, and that is why developers often find it useful to
aggregale offsets from maltiple projects into a single
paortiolio for marketing.

Developers determine the cost of each ton of off-
sets by dividing the project’s total costs by the expected
amount of affsets:

Expected Cost

Cost Per Ton= o ot
O Expected Offses

Equation 4.3

If the cost per ton obtained from Equation 4.3 is
lower than the anticipated market value of the offscts,
then the project has the potential to produce a net fi-
nancial gain, Determining whether the project is able
to produce fAnancial gain requires analyzing its level-
fred cost,

Finding a Project’s Levelized Cost

As noted, different projects produce costs and benefits
at different times, making comparing projects difficuls,
Consider the following simple example,

A buyer newds 10 tons of offsets and can purchase
them today from a project that requires an investment
of S100 today. The buyer would be paying $10 per ton
in today’s money, Now suppose that the same buver
has the option of investing in another project; in this
project, the buyer can receive 12 tons and pay only 390,
However, the buyer would not receive the offsets until
the tenth year of the project and must pay the costs in
the third year.

Which project entails the lowest cost per ton? Level-
izing, a techmique for purting the costs and benefits af
different alternatives into the same terms, can provide
the answer, If the levelized cost of one project is miusch

higher than that of another project, project developers
and offsct buyers can obtain more mitigation for the
money by chonsing the latter,

Developers and buyers can use standard methods of
financial amalysis to quantify preferences for deferring
costs until later and obtaining benefits sooner. That ap-
proach, known as discounting, is like calculating inter-
esl, except that analysts move backward In time from
the future to the present, That is, developers and buyers
use discounting to find the value today, or the present
value, of a payment that they must make or the income
they might receive in the future.

The first step is choosing a discount rate; differ-
ent project participants will choose different rates.
Low rates might match interest rates for very bow-risk
bonds, such as U5, Treasury bills, whereas higher rates
would reflect inflation or higher risk. Because the dis-
count rate can have a large effect on the outcome, par-
ticipants would do well to use low, high, 20d mid-range
discount rates and then comparne the results.

After choosing a discount rate, developers and buy-
ers can find the levelized cost of a 100 of offsets by di-
viding a project’s discounted costs by its discounted
benefits, The result provides a basis by which they can
compare different projects. For example, the levelized
cost of offsets in the second scenario above—assuming.
an annualized discount rate of 6 percent—would be
$11.68 a ton, compared with just S10 a ton in the first
scenario, Thus the lanter option would be more attrac-
tive [see Appendix 4 for more an how to obtain these
results). These calculations are easy 1o perform using &
spreadsheet program or a pocket calculator with finan-
cial functions, Because of compounding, even & mod-
est discount rate over a decade or more makes the pres-
ent value of a future cost much less than today's cost.

Deciding Whether to Proceed

These analytical processes can provide a great deal of
useful information on the amount, Hming, costs, and
net present value of offsets a project is likely to gener-
ate. Such analyses may show that a project’s expected
retarn is modest relative 1o the risk or that the return is
bower than Investors require.

Prudent developers will also consider other factors



219

in scoping a potential project. Landowners, for exam-
ple, are often concerned aboat long-term restrictions
on the use of their land, a5 well as the net return from
the current use of their land, For example, a contract
for prodhuci ng offsets could limit the extent of logging.
which could defer or permanently limit revenue from
wood products. An agricultural project could Hmi till-
age. reducing options for dealing with weeds, soil com-
paction, and high levels of crop residue, which could
threaten revenue from crops, If creating and maintain-
ing offsets reduces landowners’ income or Mexibility,
the payment they receive must be encugh to offset
that lost income and flexibility. Even if the gross rev-
enwe from creating offsets is high, the project may vield
lower net revenue than an alternative use if the proj-
ect’s costs are high and the project prevents another

Scoping the Costs and Benefits

revenue-producing use. IF a contract to produce off-
sels obligates a landowner to deliver a certain number
of tons of offsets rather than o pursue specific land-
management practices, the landowner must also factos
I the cost of obtaining replacement offsets should the
praject fall shorr.

OHffect projects may also create nenfinancial ben-
efits, such as prometing bicdiversity and generating
goodwill. Potential participants might therefore weigh
a project’s environmental and social benefits against its
difficelty and expense. For example, farmers may ex-
pect @ reap only a small payment for storing carbon
by switching from plowing 1o no-till farming, but they
may contract to do so because they judge no-till farm-
ing 1o be maore sustainable.
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Chapter 5

Step 2: Determining
Additionality and Baselines

To create offsets, o landowner or project developer
mast show that a project has actually produced green-
house benefits beyond those that would have ocourred
under business as wsual (practices that landowners
would have pursued if the project had not occurred).
Making such a determination is of course challenging.
as it bs difficult 1o know what might have happened if
history had played out differently. Nevertheless, rea-
sonably objective methods can be used 1o make that
determination.

Such an effart typically involves two tasks. The first
15 4o establish that a project is additional—that the
land-management practices it pursues represent a trug
departure from business as usual, The second is to es-
tablish the baseline—the GHG emissions and changes
in carbon stocks that would have occurred on project
lands if the practices had not been adopted. To deter-
mine a project’s net benelits, quantifiers later sublract
project emyissions from baseline emissions (i.e. subltract
bascline carbon stocks from carbon stocks recorded
during the project).

The method recommended here is based on pro-
portional additionality. This approach teeats addition-
ality and the baseline simultaneously so that the offscts
awanded 1o 8 project reflect the proportion of the proj-
ect that is additbonal. (For details on these steps beyond
those in this chapter, see Appendices 5 and 6.)

In contrast, many regulatory systems use cafegori-
cal tests (o establish additionalisy, inchuding the Kyoto
Protocol’s Clean Development Mechanism (CDM)

which allows developed countries o buy GHG offsets
{rom developing countries. If the project does not meet:
the additionality test, it Is disallowed as an offset proj-
ect. [f the project does meet the test, analysts use a sec-
ond step to establish a baseline, (See Appendix 5 for the
processes wsed to establish categorical additionaliny.y
Obviously in the case where existing regulatory andl
voluntary systems for reporting or limiting GHG emis-
sions exist, projects need o follow the requirements of
those systems,

Setting Baselines Using

B ional Additionali

The fundamental concepl underlying the recom-
mended method for establishing additionality and set-
ting a baseline is that, in the absence of the project,
project bands would have been managed like compa-
rable lands in the reghon, Thus culcomes on other lands
provide the benchmark for measuring the GHG bene-
fits, or offsets, produced by the project. This approachs
depends on identifying appropriste comparison lands
and quantifying GHG fluxes and carbon stocks o
those lands.

The first step is to bdentify lands that are comparable
to project lands and representative of land-management
practices in the region. The second step is 1o see what
happens on these comparisen lands as the project pro-
ceeds. The difference between the emissions and sinks
on comparison lands and those on project lands rep
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resents the GHG benefits that can count as offsets. For
example, if comparison lands gain | ton of carbon per
acre and project lands gain 3 tons, 2 tons per acre may
count as offsets. This method for calculating the base-
line uses the proportion of the GHG benefits achieved
by the project thal exceeds any benefit achieved on
comparison lamds.

Project developers typically select comparison lands
after they decide 1o proceed with a project but before its
land-management activities begin, Comparison lands
ideally resemble prodect lands in their physical charac-
teristics, inchuding weather, soil, and topography. Land-
management practices on comparison lands at the out-
set of the praject should also reughly mimic those nsed
in the region so these lands can serve as a valid mea-
sure of the degree 1o which the project exceads busi-
ness as usual. Changes in land-management practices
on the comparison kands throeghout the project period
then represent the region as a whole. The baseline GHG
emissions or changes in carbon stock measured on the
comparison lands during the project provide a continu-
ous update of the profect’s additionality.

An alternate approach is to choose comparison
lands that are subject 1o the game uses and practices as
the profect lands before the project starts. Project de-
velopers assess the fractbonal additionality of the proj-
ect at the outset and discount the GHG benefits they
later achieve by this amount. For example, suppose a
project plans 10 pursie no-11l farming of small grains,
and 40 percent of the farmers of small grains in the
reghon already use no-till farming. In this approach,
propect developers would discount the amount of GHG
brenchts the project achieves by 60 percent. IF the com-
parison kands shifi to no-till farming during the proj-
ect, the baseline would reflect those changes,

Field sarveys of land cover on potendlal comparison
siles can sometimes help identify the management ac-
tivities on those lands, For example, the proportion of
land covered by residue from an carlier crop alter a new
crop is planted usually indicates the degree of rillage.
However, project developers shoald try to choose com-
parison lands based not just oo land cover but also on

Determining Additsonality and Baselines

known management practices.

Comparison lands should usually be near project
lands to ensure that they have similar weather, topog-
raphy, and ecology. Forestry regulations vary widely
from state to state, so project developers would do well
1o choose comparison lands within the same state. Tf
ecological conditions in an area vary greatly, develop-
ers should also choose comparison lands based on ele-
vation, precipitation, soil type, and productivity. Many
states tax resowrce lands according 1o their potential
productivity, and official maps often include informa-
tion on those attributes. However, project develop-
ers need to keep in mind that comparison lands with
similar productive capacities and subject to the same
regulations may face very different market opportuni-
ties {inchuding proximity to transportathen, ownership
structure, and economic risk), and they should choose
comparison lands sccordingly.

To avoid the cost of performing annual surveys 1o
determine changes in the uses of comparison lands
during a project, developers should seck lands subject
toan existing survey, Several such surveys are available
for U.S. lands:

~The Mational Resources Inventory of the U5,
Department of Agriculture (USDA) includes
information on Jand use and land cover, crop
history, and conservation practices for 00,000
sites on federal land. Each site represents a larger
tand area. Although information is not up-
dated every year, the agency Is moving toward
an annual inventory. (See hitp:fwww.onrcs usda.
govitechndcal/MRIL)

~USDA census data, collected on a five-year in-
terval (nyostly since 1974), includes county-level
information on farm size, livestock numbers, and
crop acreage by irrigation status. [See hrtps/www,
nass.usda. govioensusl)

~The L'SDAs Forest Laventory and Analysis reports
on forest cover, growth, mortality, tree removals,
and general health for all forestland in the United
States. The information, updated every 510 10
years, is reported mostly at the state and county
level to protect the confidentiality of landowners.
(See hatpn!fia fa.fed usl)
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-Purdue University’s Conservation Technology
Information Center provides annual information
at the county level on tillage practices by crop.
Analysts can use the information to determine
the overall use of conservation tillage, but not the
probability that land will change from one use o
anoiher over time. That is because the data do not
shovw whether specific land parcels remain subject
fer & given management practice from year to year.
(See httpaiictic pardue.eda/CTIC/CRM. himl.)

- The National Land Cover Mapping of the LLS.
Geological Survey shows 21 classes of land cover
at the 30-square-meter scale, based on satellite
imagery from the LandSar Thematic Mapper in
1992 and 1999, (See httpedc usgs.gov/geodatal)

If information on specific uses of comparison lands
is not available, project developers may have to rely on
general categories of kand use (such as annual crops
versus pasture, rather than varistions in tillage prac-
tices used to cultivate annsal crops). However, that ap-
proach may increase the risk that comparison lands will
differ from project lands in some unmeasured way.

Determining Baseline Emissions
and Sequestration

A robust approach 1o establishing baseline GHG emis-
shons and carbon stocks on comparison lands is to em-
ploy the same method used to quantify emisstons and
stocks on project lands—and to do it over the same
time period. For example, quantifiers for a project that
aims 1o sequester carbon in soil could directly sample
carbon stocks on comparison lands, as that is the ap-
proach they will use to measure carbon gains on proj-
ect lands. However, gaining access to comparison lands
to make such measurements is difficult, To circumvent
that problem, developers can set askde a small fraction
of project lands or facilitles where they do nol imple-
ment project activities, They can then use these par-
thcular lands 1o help characierize baseline GHG emis-
sions and sequestration, SUll even this will not suffice
if land-management practices on comparison lands
change during the project period or if the region has an
array of practices (see the next section).

Cost can be an even bigger impediment than ac-
cess to comparison lands in establishing baseline GHG
emissions and carbon stocks because these lands can
inchude an array of land-management practices. Deter-
mining the baselines may then be more costly becanse
measuring changes in emissions and stocks may re-
quire taking more febd samples and even using strati-
fied sampling (see Appendix 21}

To avoid the challenges of taking field samples on
comparison lands, some carbon-trading systems may
allow quantifiers fo use very limited information on
conditions and practices on those lands, along with
other information or models, 10 estimate a baseline.
For example, Birdsey and Lewis (2003) employ models
to calculate trends in stocks of forest carbon in each
state, which quantifiers could use 1o establish base-
lines for forest projects. The Intergovernmental Panel
on Climate Change provides defoult emissions rates as
a function of land-management practices for methane
projects. The USDA's Matural Resources Conservatlon
Service offers the COMET-VR tool that estimates soil
carbon stock change for selected cropping practices in
the LS. that could be used to establish project base-
lines fior soil carbon projects. In another approach, the
USDA or the US. Forest Service could periodically
[perhaps every 5 or 10 years) publish default baselines
for various types of offset projects as a function of their
lncation and topography.,

Although such information and medels provide a
relatively inexpensive and convenient way to estimale
baselines, they will generally be less accorate than di-
rect sampling of comparison lands. The carbon-trading
systemn of offset buyer will determine whether less ex-
pensive bul less accurate methods are acceptable. Even
in trading systems that do not require sampling to es-
tablish a baseline, savvy buyers may insist that analysts
use robust methods, The resulting offsets should bring
a higher price than those with baselines based on less
accurate methods, and project developers may decide
that the higher price justifies the extra costs.

Cuantifiers must express baselines in the same units
they use to express changes in GHG emissions or car-
ban stocks an project lands. For example, if they ex-
press project emissions and stocks as total tons of COLe,
and they first calculate the baseline as tons of COye pee
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acre or per unit, they must multiply the baseline by the
number of acres of units encompassed by the project.

If the project involves emissions cus, then quantifi-
ers subtract baseline emissions from project emissions
to obtain the net GHG benefit. If the project involves
sequestration, then quantifers subtract baseline carbon
stocks from project carbon stocks, Quantifiers then ad-
Just this net greenhouse benefit for leakage (see Chap-
ter 10). Once ownership is established and the benefit is
verified, it may count as offsets and be marketed.

Timing is another issue. A project is typically di-
vided inte accounting periods during which offsets are
colculated and marketed. For example, a project that
lasts 10 years could establish 10 one-year accounting
pertods. Quantifiers must determine the baseline for
each accounting period.

Accounting for Changing Baselines over Time

In practice, GHG emissions and sequestration rates for
a given tract of land can change as a result of chang-
ing environmental conditions and management prac-
tices. For example, low crop prices can prompt farm-
ers to abandon agriculture on marginal comparison
lands, and the cessation of plowing and reestablish-
mient of woody vegetatbon can boost soil carbon stocks.
A baseline can change even when the mix of activities
on comparison lands does not. For example, intensified
logging on comparisen lands can lower stocks of bio-
mass carbon, or better livestock management can help
restore riparian conditions, which can increase woody
biomass and thus soll carbon. Project developers and
quantifiers must therefore analyze both changes in use
and site dynamics, including climate varfability, on
comparison lands during the project to construct relia-
ble baselines.

Figure 51 shows how such changes can influence
the amount of offsets an emissions abatement project
creates. The project s divided inte 12 accounting pe-
riods for which quamtifiers calculate offsets. Doring
the first five perbods, comparison lands emit 35 tons of
GHGs, However, by the last accounting period, emis-
sions drop to just over 25 tons. Thus baseline emissions
vary from 35 to abowt 26 tons over the course of the

profect.

Determining Additianality and Baselines

Like emissions from comparisoen lands, emissiony
from project kands can also change for reasons beyond

the control of project developers, and developers must
similarly account for these changes. In Frgure 5.1, emis-

sions from project lands initially fall from 35 1ons to
about 22 tons during accounting periods 7 and 8, and
then they rise to about 26 tons by the end of the proj-
ect. The net GHG benefit lor any given accounting pe-
riod (before accounting for keakage) is the difference
between baseline and project emisspons. In this ex-
ample, net mitigation on a per-acre basis is zero in the
first accounting period, then peaks at just over 10 tons
during accounting perfods 5 and 6, and then declines
to zero during the last accounting period, Quantifiers
would find the net amount of offsets by multiplying the
per-acre GHG benefit by the number of acres in the
project.

Accounting for Variable Land-

Management Practices

A further complication in determining baselines arises
from the fact that comparison lands are often subject
to several land-management practioes. In such cases,
quantifiers determine the bascline by calculating the
“weighted average™ of the changes in emissions or car-
bon stocks from each land-management practice, The
equation for doing so is

) ]
Ba'Eﬁ'Eﬂ!f"-

Equation 5.1

where B, is the average bascline emissions or sink pee
unit area, I is the sum of all uses { applied to compari-
son lands (from use 1 1o use fl, ¢, b the emissions or sink
per unit area for each use i, area, is the area in use 4,
area, ., is the total comparison area, and fa, is the frac-
tien of the tofal comparison area in use i, That is,

= area;

aAreR Ly
For example, consider a project involving no-tll farm-
ing that has chosen 100 acres of comparison lands. Erur-
ing a given accounting period, 20 acres for 20 peroent)
of compartson lands are also in no-tll cropping, while
the remaining 80 acres {or 80 percent) use standard till-

Equation 5.2
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ing. Mo-till cropping boasts carbon stocks by 0.5 1an
per acre during the accounting period, while tilling se-
questers {11 tons per acre, In this case, the baseline in-
erease bn carbon stocks per acre is
B, = 02x05 00 4 pgw0 2 < .19 2
acre acre acTe
If project kands are all sixhfect bo nu-tl'll.l'arrn:lng_ and se-
quester 0.5 tons of carbon per acre, the net GHG bene-
fit during each accounting period equals 0.32 tons per
acre (0.5 tons per acre - (LIS tons per acrel.
When comiparison lands are subject 1o several differ-
ent management practices, these caloulations became
e arduous, and a '|.'pﬂ.1.d.-|hurﬂ can make -.'al;;ul.n:np;

the weighted average much easier. Table 51 provides a
template for sch a spreadsheet applied tw our sdmple
no-tilill example.

Anather complication artses from the possibilicy thas
usés and management practbors on comparison lands
can change during the project period. Because devel-
opers chivose comparison lands to reflect what happens
under business-as-usual circumstances, establishing a
baseline requires them o track all changes in the use of
comparison lands and to analyze the impact on GHG
emtasbong or carbon socks, In principle, they can do
this by documenting uses and management practices
on comparison lands for each accounting perbod, as

well as changes in emissions or carbon stocks on these
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Determining Additionality and Baselines
Tabie 5.1 Template for a Spreadsheet to Caleulate a Weighted-Average Baseline for Multiple Uses
i the Mo-TilliTill Example
|r | fa, Fractional contribution 1o C
Land-use Fractional cover on C sequestration for land-wuse 1ype seques TRz on comparison lands
type comparison lands aver period [tonsiacre) | (tensfacre)
| Hatill | 0s .4
Tll] ol (LOR

B - 'I'nul E-lwllhc " Tnlllncl'l'rld!nn] mnlrlbmmm-

.18 toms per acre

lands (using Equation 5.1 to calculate 8, ). However, de-
vebopers are sometimes unable to track management
practices on comparison lands during each account-
ing period—perhaps they can determine then only at
the beginning and end of the project. In that case, they
musgl estimate the impact of changes in activities on
comparisen lands for each accounting period using the
periodic transition rates in Appendix &,

Establishing a project baseline poses a nnmber of chal-
lenges for developers and quantifiers, but doing so is
essential 1o creating real and sccurate offsets. In most
cases, regulatory agenches and offsel brokers and buy-

ers will insist on a transparent process for developing
a baseling so they can independemtly verify its rigor.
Project developers and quantifiers shoubd therefore
give careful thought to how they will address addi-
tionality and the baseline during the scoping process,
and then they should scrupulously follow their chosen
method throughout the project. The most robust ap-
proach is to choose comparison lands with propertics
like those of project lands but that are subject to man-
agement practices at the start of the project that repre-
sent the regson. The bascline is then the rates of GHG
emissions and carbon sequestration observed on these
comparison lands,



226

Chapter 6

Step 3: Quantifying the Carbon
Sequestered in Forests

Forests represent significant reservoirs of carbon cap-
tured from the atmosphere through photosynthesis. If
rebeased from forets, this carbon would largely con-
vert back into atmospheric CO,. Reforestation—the
process of shifting previcusly forested lands that had
heen converted to other uses to stands of growing trees
through natural regeneration or planting'—sequesters
carbon from the atmosphere and thus produces GHG
benefits.

The amoumnt of carbon stared in forests depends on
their type, as well as the climatic conditions and man-
agement practices to which they are subjected. How-
ever, patterns of sequestration are similar among dif-
ferent types of forests (see Figure &1, Shortly after a
clear cut or fire, when new trees are relatively young
and small, sequestration rates are low. After trees grow
1o the paint where they fully acoupy the canopy, the
rate of sequestration rises and continues at a high rate
for several years. [n many forests, this period of rapid
sccumulation of carbon persists for several decades,
As the trees mature, annual growth and sequestration
show, but the cumulative amount of stored carbon is
substantial. In very old forests, the amount of carbon
in the stand may continue 1o increase slowly or may
decline. In very abd forests, tree death can cause large
trees to become widely spaced, reducing the total car-
bon stock of the forest. The carbon stock in mineral sodl
and the forest floor can continue 1o increase as a result
of annual litter inputs and the decomposition of woody
debris, Overall carbon stocks can decline, however, if

succession produces a shift to speches in which individ-
ual trees do not grow as large.

Because of these complex changes in carbon ac-
cumulation, a well-designed system for sampling for-
est biomass is critical to an offset project.’ Developers
miust be able to accurately measure carbon sequestra-
tion without incurring prohibitively high costs. This
is especially important because forest projects usually
last for decades.

Sampling designs for forest profects must therefore
e

=Accurate and repeatable over long periods of
tirme,

- Adaptable to unforeseen circumstances, such as
wildfires, forest management changes, and the
addition or removal of lands from a project.

- As simple as possible to allow outsiders to audit
results,

This chapter describes an approach for quantify-
Img sequestration that is designed to reduce variability,
contral costs, and detect much of the sequestration a
project achieves. This approach is based on extensive
experience In measuring changes in forest carbon and
entails the following steps:

-Designing a forest sampling system that is robust
with respect to the different locations of carbon
accurmulation
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- Conducting initial field measurements of the dif-
ferent sites of carbon stocks in o forest.

=Selecting allometric equations for converting field
measurements imto carbon mass, or developing
new ones.

- Taking subsequent field measuremnents to deter-
mine changes in carbon stocks over time,

Crucial aspects of this approach include performing
unbiased sampling, choosing an adequate number of
sampling sites, and deciding whether and how to strat-
ify sampling across a site. (See Appendix 2 for more on
sampling, and see Appendices 7-15 for more details on
the steps described in this chapter)

Cruantifiers must pecform the steps listed correctly
when the project is established, the first time, as they
cannot go back in time and redo them. They should re-

peat quantitative field measurements every five or We
years, relying on annual quatitative or quantitative ob-
servations in intervening years to determine whether
a profect is proceeding according to plan and to take
remedial action, if needed. As with other profects, de-
velopers should aim (o detect net carbon sequestration
with an uncertainty of W percent at a % percent con-
fidence level, as the potential benefits of greater accu-
racy are generally not worth the added cost (see Ap-
pendix 3.

To ensure that i1s system for quantifying carbon is
accurate but not overly costly, a forest project should
encompass at least several hundred hectares and gen-
erate at least 100,000 tons of CO, equivalent in offsets.
Project developers with smaller areas, or who seek to
generate fewer offsets, thould consider combining their
tands with ather parcels.
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Dividing a Forest into Carbon Pools
and Using Subplots

A forest project’s plan for sampling carbon stocks in
the field must evaluate all types of biomass,! including
live trees. shrubs and seedlings, standing dead trees,
downed woody debris, the forest foor, and possibly
mineral soil, Quantifiers will track these carbon pools
separately throughout the project. Remotely sensed im-
agery can provide a helpful guide in locating the vari-
ous types of pools present on & project's lands (see side-
bar), If quamtifiers conclude, based on existing scientific
knowledge, that a particular pool will not lose o gaina
significant amount of carbon, they may remove it from
the sampling plan, but comprehensive field measure-

ments will be far moee persuasive to independent veri-
fiers and potential buyers. Quantifiers should certainly
mieasure pools that are likely 1o lose carbon, to aveid
accusations that their analysis is biased. (See Appen-
dix 7 for more on carbon pools.) Attention should zlso.
be paid 1o deciding whether mineral soil carbon stocks
shiould be measured. Scientific knowledge should be
used to predict whether project activities have a signifi-
cant chance of causing a decrease In mineral soil car-
ban. If s0, mineral soll carbon should be measured {see-
Chapter 7 for methods for measuring change in min-
eral soil carbon stocks),

To measure biomass carbon, field crews first cre-
ate an adequate number of unbiased located sampling
sites, or plots.® Then, within each plot, field crews lo-

Using Imagery to Design a
Carbon-Sampling Program

In all but the simplest projects that aim 1o seques-
ter carbon In forests or soil, detailled remotely sensed
imagery provides key information for designing and
executing an efficient system for measuring changes
in carban stocks. Images can help delineate the proj-
ect area, define the extent of project activithes, and
group similar areas togethes, therchy increasing the
precision of measurements of carbon sequestration.

Several types of remotely sensed images are
available:

~Chrthophodos (in elther hard copy or digital for-
mat), Orthophatos provide the best tradeot be-
tween high resolution, timeliness. and limited
cost, Orthophotos have a uniform scale because
they correct for parallax, enabling quantifiess
1o caleulate the size of areas subject to specific
activities. Orthophotos also rypically show Ltl-
tude and longitude coordinales or state plane
conrdinates. Such ger-refercmcing allows quan-
tifiers to calculate the coordinates of specific lo-
cations and then use a handheld GPS receiver to
travel to those bocations on the ground, or vice
veTsa,

~Aerial photographs. Standard acrial phote-
graphs taken on S-inch-square negatives have
high resolution and can help reveal which areas

are alike and which are different. Such photos
are available for meost of the United States, start-
ing in the kate 19505,

- High-resolutivsn satellire images. Satellite imag-
ery comes in very different levels of resolutbon,
many of which are too coarse for use in quanti-
fying carbon sequestration. and it is ofien very
costly. Analyzing such images require more
akill and software than do serial photos. The
abiliny to automate analysis makes satellite im-
ages a very useful toal for use in larger projects.
However, because they are taken on a weekly 1o
manthly basis. satellite images are much more
likely to capture  project closer (o ts start |
date than aerial photos. Such images ane useful
im tracking land-use changes (such as distin- |
guishing annual cropping from pasture. forest,
and development) or in recording wind or fire
disturbance,

Maps are an alternative source of spatial data that
can help users document the general location and,
sometimes, the sizes of land parcels enrolled in o car-
bon sequestrathon project, Seldom can ad ministrative!
awnership boundaries be inferred from maps, unlbess
they were created for this purpose. Maps must be de-
tailed enough to show land attributes such as eleva-
tions, streams, roads, and administrative boundar-
fes; scabes coarser than 1:25,000 are of limited use.
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poale

Nate DEH = dismeter at breast height, typically defined as the podet 1.3.0r 1.37 m sbove the ground.

cate several circular subplots—one for each type of bio-
mass. or carbon pool—around a single point known as
the plat center {see Figure 8.2).* Crews then make mea-
sunements specified in the field protocol of the moni-
toring plan, They then measure woody debris along
perpendicular lines that extend in each cardinal direc-
thon from the plot center because such debris can be
afected by trampling, (If the projoct expects to store 2

large propoction of carbon in woody debris, quantifiers
may want to extend the bength of those transects.) Cal-
cubsting carban stocks sccurately requires determin-
ingwhether plants for other materials being measured)
near plot boundaries are in or oul of the plot. which
necessitates establishing plot boundaries precisety and
accurately,

Quantifiers should size plots 10 measure lrger trees
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precisely (larger trees generally being greater than 15
e dbh in mast forests or greater than 10 cm in diame-
ter at boeast height (dbh) in forests with smaller trees),
a5 they will sequester the most carbon in most proj-
ects. Experience has shown that plots with as lew as
four trees can provide an accurate and precise sample
of the amount of carhon a project is sequestering, even
if tree size varies, Howewver, large trees are more widely
spaced than small trees, so quantifiers will need larger
plots to precisely sample them. 1f a project is designed
1o grow a mature forest, and such a forest includes at
least 40 large trees per hectare, a 0.-hectare plot would
probably be efficlent. Trees in a natural forest are of-
ten located in clumps and at a density of 40 trees/ha.
This clumpiness means that a 0l-hectare plot woeuld
have & probability of less than 0.5 of sctually encom-
passing four trees. However, in most forests (ot wood-
lands savannahs), the density of moderate and large
trees is usually greater than 100 trees/ha, and even with
a clumpy distribution of trees, a 0.1-hectare plot would
usually encompass at beast four moderate- or large-size
wrees. I a project encompasses more than 1000 small
trees per hectare, 0.02-hectare plots might work, as
they would average five evenly spaced trees, IF few trees
will ever get larger than the small-size category, it may
reqquire only a little more effort 1o make the plots a bit
bigger. Having meore trees per plot would substantially
increase precision. However, ifl the project is expected
to grow larger trees, it may not be worth any additional
effort to get a more peeclse measurement of the carbon
stocks in small trees, Somewhat larger plots might be
efficient for sparsely vegetated woodlands or natural,
spatially heterogeneous forests.

Staristicians often maintain that many small plots
provide greater statistical power than fewer large plots,
given a homogeneous population of objects being mea-
sured. However, in practice, maximizing statistical
power for a given cost usually means establishing more
large plots. This is because the cost of traveling from
ane plot to the next can be substantial. Spending that
effort on measuring larger plots instead of a greater
number of plots can yield greater precision. For exam-
ple, in Table 6.1, travel time between plot centers would
have to be just less than four minutes o drop the cost
of establishing and measuring 0.01-hectare plots be-
bow the cost of measuring 0.1-hectare plots. This short

travel time is not feasible for widely spaced plots or for
those located on noncontiguous parcels, Note also that
the time to travel between plots would have to fall s
Just over one minute for 0.001-hectare plots 1o become
mare cost-efective than 0.01-hectare plots.

The effort and expense of measuring each carbon
peod should be commensurate with the amount of car-
bon it is expected to sequester over the course of the
project. Relatively imprecige measurements of pools
with small changes in carbon stocks will have little im-
pact on the precision of the overall measurement.

Conskder a hypothetical project that expects to se-
quester 100000 tons of carbon. Suppose this forest
stores carbon in large and small trees only; the large
trees are expected to store 90,000 tons of COye, and the
srll trees are expected to store 10,000 tons of CO,e.
Because quantifiers expect the large-tree posl to con-
tain roughly 90 percent of the sequestration, they
should devote roughly 90 percent of the sampling ef-
fart 1o that poal.

Similarly, because the forest floor usually does not
gain much carbon in mrost forest ecosystems, quanti-
fiers may choose inexpensive methods to measure it,
even if they are not very precise. For example, crews
could measure the combined thickness of duffand lie-
ter’ at one specified point on each plot. Then the den-
sity of the litter and duff could be used 1o estimate the
forest loor mass on each plot® However, the litter and
duff density should be measured for each project, tak-
ing into account that it can vary significamly from sea-
<00 1o season. [f a progect may have a change in the for-
cst floor carbon stock that s & substantial fraction of
the total carbon stock change within the project area, it
s strongly recommended that forest-floor mass be di-
rectly measured by weighing material collected on sub-
plots of fixed size, not inferred from thickness.

Cuaantifiers may decide 1o stravify a carbon pool
Across A project area or across physical characteristics
to decrease variabtliry. IF there t2 a known difference
in the phystographic characteristics (e.g. soil drainage,
s0il parent material, and forest composition) it s useful
to stratify the project area by these variables and caleu-
late the carbon stocks independently for each stralum.
This approach reduces the total uncertainty in the fi-
nal stock estimates with no additional sampling. How-
ever, stratifying requires establishing mare boundaries
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and analyzing separate sets of data. Stratum boundary
choices depend on the frequency of the occurrence of
trees or other objects being measured, the size of sub-
plots, the time needed to measure and analyre each
subplot, and the sequestration likely to occur within
each class of biomass, It is generally efficient 1o divide
woody debris inte two or three classes based on size,
and to divide standing vegetation into at least three
classes.

Another approach to measuring biomass is to sam-
ple a given proportion of the project area. Experience
shaws that sampling 1.5 percent of the project arca can
provide reliable measurements of forest carbon if the
plan ealls for several dozen sites. This approach is best
for moderately sized projects of 300 to 1,000 hectares,
Quantifiers can base the percentage of the project area
to sample on the size of the subplat for the carbon pool
expected to record the largest change.

For a plot size of 0.1 hectares, sampling 1.5 percent
of the project area would mean installing one plot for
every 6.6 hectares. If large changes in carbon stock are
expected to occur in a poal other than large teees, ob-
taining the needed precksion may require more inten-
sive sampling. Quantifiers may find it more efficient to
expand the size of the subplot used to sample that pool
rather than increase the wotal pumber of plots because
the latter approach would require more overall effort.
For projects larger than L00O hectares, installing one
plot every 6.6 hectares would require more than 150
plots. I several strata are sampled separately, it may be
feasible to measure no more than 15 plots in each stra-
tum, i the total number of phots is sufficient to achieve
the desired level of precision (see Appendix 1L

Afer determining the number of plots, profect de-
velopers should evaluate whether the measurement sys-
tem will generate precise enough data to yield enough
sequestration (once uncertainty is considered) 1o make
the project economically worthwhile, If the answer is
no, they can investigate whether a different level of pre-
cision would make the project Rnanchally viable. Inde-
pendent verifiers should check the project’s sampling
approach and financial structure 1o determine whether
the project is likely to ful il its commitments.

Installing the Sampling Plots

Ficld crews must establish permanent sampling plots
s0 crews can return decades Rater 1o remeasure the
amount of carbon on each plot. Using a GPS recelver
to record the coordinates of plot centers and place per-
manent markers is essential. A mapping-quality GPS
receiver (which should be accurate to 1 to 10 meters)
should enable field technicians to ind the monument
that marks a plot center later, although GPS measure-
ments will be less accurate under heavy forest canopy
and in narrow valleys,

To mark the plot center on sites where significant
s0il disturbance is unlikely, crews can drive @ plece of
rebar 110 2 feet into the groand. Fire, tree fall, and vehi-
cle traffic will usaally not disturb the rebar if it is flush
with the ground, and later crews can use a metal de-
tector to find it. For sites where significant soil distur-
bance is likely, crews can bury & magnetic ball marker
0.5 meters deep to mark the plot center. 1 major ground
disturbance is likely, crews should establish two addi-
tional monuments, using a GPS receiver 1o record their
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distance and direction from the plot center. (For spe-
cific steps in installing field plots, see Appendix 8
Plot centers should also be recorded in a geographic
Information system (with a scale of 1:12,000 or larger) to
Toelp crews reach the vicinity of plot centers later, Nar-
rative descriptions of how to find plot centers from a
landmark can be useful, although things often change,
making descriptions hard to follow decades later.

Choosing Resampling Intervals

Fiedd measarements of forest blomass inevitably entail
error. For example, measurements of tree diameter by
twer different feld technicians (even if they are skilled)
are Hikely to vary by up to 1 cm dbb in larger trees,
Quantifiers can minimize this problem by lengihening
the interval between fiekd measurements, as changes
in carbon stock will vastly exceed the unceriainty at-
tributable to measurement errors. Measuring carbon
stocks every five 1o 10 years alio averages oul anmual
varkations in sequestration and allows quantifiers to
detect a greater proportion of sequestration while re-
ducing cost.

However, more frequent measyrements can help
project developers remedy any shortfall in sequestra-
tion that fiekd data indicates, for example as a result
of the invasion of low-carbon-sequestering species. In
addition, as the time between measurements grows,
so does the cost of waiting to quantify the increase
in carbon sequestrated. Thus, a1 some point, expand-
ing the time between field measarements becomes
counterproductive.

The optimal period between measurements will
vary with their precision, the speed of change in carbon
stocks, the costs of measurements, and the value of the
resulting offsets. Larger projects may want to mezsure
carbon stocks every five years for the first few decades
and then less often as quantifiers gain information on
how much carbon a project is likely sequester moving
ferward, especially if sequestration ranes are declining.
Projects usually schedule a field measurement shortly
before they end to determine total project carbon.

Quantifiers should make annmual observations, ef-
ther visually or using remote sensing, between more
detailed fiebd measurements, to detect major devia-
tions from expected conditbens. For example, scan-

ning a landscape from a high point can reveal whether
it is substantially covered with healthy trecs, Observa-
thons of the “leader” stems of young Lrees can also re-
vieal whether they are growing vigorously. If large ar-
¢as show discolored foliage or if many trees are dead
or missing, quantifiers can conduct detailed measare-
meents of biomass, If projections of how much carbon a
project will sequester are conservative, an chservation
that 25 percent of the project area is not in a healthy,
growing condition might trigger remedial action, I
prajections are bess conservative, the threshold for re-
miedial action may be as low as 5 10 10 percent of the
project area. These annual checks may be qualitative
assessMmEnts or quantitative stocking surveys, such as
those performed to measure the survival of planted
seedlings (soe Appendix 9).

Satellite imagery can be used to measure leaf area
amd estimate growth. However, this kind of analysis
requires multiple, fine-scale images through the grow-
ing season and a skilled analyss. The costs of data and
analysis necessary to estimate growth rates from sat-
ellite imagery may be more than the cost of ground-
based assessrents. These costs and the capacities of
the quantifier will determine whether it is most cost-
effective to asiess vegetative condition using satellite
imagery, aerial photographs. or groand based surveys,

Some offiet contracts require developers to model
future tree growth partway through a project to de-
termine whether it will achieve its goals. CQuantibers
should use such & model only il it has been validated
for the project’s location and forest type. Validation
requires running the model for locations not used to
build the model and for which independent data exist.
Because cach model has its own idiosyncrasies, mod-
elers should have experience running the mode] they
will use.

Modeling usually requires collecting more informa-
tion than quantifying biomass. If 2 model requires ex.
tra information, crews should collect it from a subset of
the trees used to caloulate biomass. A model may also
require histaric information on tree growth and man-
agement activities, which can be gleaned from land re-
cords and interviews with previous managers. If his-
tarical information is unavailable, the modeler must
start from current stand conditions and be aware of
how this lack of knowledge could affect model accu-
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racy. To acourately estimate future carbon stocks, the
model’s input should require knowing trees by species,
height, and diameter, not just the volume of growing
stock,

Determining the amount of carbon stored in the proj-
ect area entails documenting the physical character-
istics of objects or materials measured on the sub-
plots, including the heights and diameters of trees and
shrubs, and the mass of argankc material on the forest
floor, Fieldwork may inchude collecting samples from
subplots 3nd measuring the weight of the material. This
material ks then analyzed further in a laboratory, Labo-
ratory analysis may be limited to drying the samples
and finding their welght, or it may invalve determining
the cachon content of each sample.

Quantifiers use blomass equations 1o convert the
gathered information into the amount of carbon in
each pool per hectare. Different blomass equatkons
use different characteristics of the trees and pieces of
woody debris on the subplots fand the carbon coments
of differen parts of these objects) 1o derive total carbon
comtent, Quantifiers must therefore identify the spe-
cific biomass equations they will use before the project
staris w0 field crews will know what kinds of measure-
ments to make. The next section suggests a protocel for
each ol these steps. A different sampling strategy would
use different protocols, and could be equally valid.

Making Field Measurements
and Cathering Samples

Becauge of the sheer variety of objects, materials, and
carbon pools that a forestry project must monitar, as
well as the size of some of the objects, making field
measurements is challenging. Crews should measure
the cachon pools in each subplot in a standard se-
quence, concentrating on subplots for forest floor and
fine debris first, as those are sensitive to disturbance
from trampling. Adhering to a standard sequence re-
duces the chance that the crew will forget to measure a
subplat or 1o measire a tree on a large subplot, A stan-
dard pattern for taking messurements also helps quan-
tifiers check them for quality contral
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In making all these measurements, each crew will
adapt its division of labor to its skills and the types
of biomass on a plot, although one person wsually re-
cords all the data. In a two-person crew, one person
can measure woody debris and litter while the other
person measures trecs. IF two people examine trees,
one person can determine which trees to measure and
measure diameters while the other person measures
helghts, determines vigor, and records data. In a three-
person crew, one person can measure litter, woody de-
bris, and small live material while the other two people
measure larger trees and snags.

Fieldwork 1o remeasure carbon stocks later in the
project resembles initial measurements, except that
crews re-locate plots instead of installing them. If &
layer of decomposed organic material was present
above mineral soil during the first measurement, crews
should remeasure this material at different locations 1o
avoid the disturbed areas. If a erew cannot re-locate a
plot, it should make fis best guess as to where the plog
should be and establish a new one at that location, not-
ing the change in field records, Cruantifiers can judge
whether to use the new measurements when analyzing
the data.

Meost projects will focus most Intensely on the
amount of carbon in living trees. To accurately deter-
mine tree growth, and thus changes in carbon stocks,
crews should follow LS, Forest Service procedures for
measuring the diameter and height of trees over 5 cm
dbsh. Crews measure smaller trees, saplings, and shrubs
at the base.

Because small pieces of woody material and decom-
posed organkc matertal will never provide a significany
source of carbon, crews can count the number of pieces
of a particular size rather than measuring their exace
diameter or length, Quantifiers can then cakoulate the
Iiomass within cach class based on the median size.

To measure the amount of biomass in Hiter, erews
gather boose beaves, twigs, bark. seeds, and other identi-
fiable plant parts that accumulate on the ground sbove
mineral soil up to a threshold size, and they weigh a
representative subsample from each subplot, These
subsamples are then dried and weighed to find the ratio
of dry weight to wet weight. Quantifiers use this infor-
mation zlong with blomass equatbons to quantify the
amount of carbon (see below).
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Iflitter (Le. soil O horizon) bs present or |s expected
to became present during the course of the project. the
 horizon should be mezsured separately. In locations
where O horizons form., the O horizon carbon stock
can become very large over time and can be bost quickly
though disturbances such as fire or logging. Ifan O ho-
rizon will be measured, it is recommended to measure
dufwith the O horizon, not with litter. One method for
measuring mass of organic matter above mineral seil is
1o abtain a round template of known area (225 cm? Is
a favored size), place it on the ground at the point to be
sampled, cut around the template, lift the organic ma-
terial, place it on a plastic sheet, and carcfully remove
any mineral soil from the sample of organic material,
The entire sample may be bagged and removed for dry-
ing and weighing. or the sample may be weighed in
the field and a subsample removed and weighed in the
field, and the subsample taken 10 a laboratory for dry-
ing and re-weighing to establish the dry 1o wet weight
ratho 1o be used to caleulate the dey weight of the whole
samiple.

Fogest soils may also comprise a significant carbon
pool and thas should be measured (see Chapter 7). Cal-
culation of the mass of woody debris requires informa-
tion on the density of materlal of various degrees of de-
composition (see Appendix 1007 When forested lands
are hilly or mountainous, quantifiers must correct for
these sloping land features in their ares caloulasions or
instruct crews o install sampling plots in the horlzon-
tal plane (see Appendix 1)

Analyzing Biomass Samples
in the Laboratory

For mast species, the concentration of carbon in whole
trees is very chose 1o 30%. As a resull, it is acceptable
1o assume that the concentration of carbon in live tree
biomass 15 50% and not measure the concentration. In
nontree biomass (such as beafy annual vegetation) and
decomposed material, the concentration of carbon is
often significantly different from 50%, and the concen-
tration should be abtained from a published source or
by laboratory measurement of samples from the proj-
ect anca.

To determine the concentration of carbon in the
samples collected, each sample must be analyzed lor its

dry weight and carbon content, Quantifiers with tech-
nical expertise and access to laboratory facilities can
perform this analysss themselves. However, engaginga
qualified laborstory will often prove less costly. In the
United States, many university labs provide analytic
services for a fee, as do some commercial labs. (Projects
in less industrialized countries may not have access o
analytical equipment.) The cost of analysis is gener-
ally a few dollars per sample—higher if more sample
preparation 15 needed. and lower if more samples are
run, Forestry and agricultural extension profession-
als should be able to point quantificrs 1o nearby labs
that can analyze the chemical content of organkc ma-
tertals or soil Some commercial laboratories that focus
on soll putrient testing, and many laboratories in de-
veloping countries, still use the Walkley-Black method
10 analyze samples. This method should be avoided, ™
Crantifiers should confirm the process and equipment
the labs will use befose engaging them. The lab should
use standard materials of known composition to cali-
brate instruments and should participate in interlab-
oratory comparison of results of analysis of reference
materials.

Obtaining the dry weight of biomass samples re-
quires drying them as soon as possible 1o aveid mold or
loss of organic carbon from decompaosition. Tf analyste
cannol immediately dry feld samples, they should be
air-deled or, if that is pot possible, refrigerated. Ideally,
samples should be dried by cutting them into small
pieces and desiccating. However, heat is often used
instead of desiceation. Heat does not remove quile as
mach water from wood as can be removed by desic-
cating ground samples. For samples from live plants,
drying should occur at 60°C to B0°C, as higher tem-
peratures can velatilize modest amounts of the organic
carbon. Drying should continue until the weight of the
sample becomes constant, indicating that all the wa-
ter has beoen driven out. This usually takes several days.
and maore time for segments of branches longer than
couple centimeters. Quantifiers should weigh the dried
samples immediately before they reabsorh moisture.
especially in humid climates.

Quantifiers must then analyze the proportion of
the dried biomass that is carbon using the modified
Dumas combustion method. This entails oxidizing a
small samiple at very high temperatures, typically about
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LOUPC, and then using infrared gas absorption or gas
chromatography to measure the amount of COy emin-
ted. This rechnique is extremely accurate and precise if
samples are homogenized well (since only H-20 mg ks
used for the analysis, obtaining a representative sub-
sample is eritical) and equipment is well calibrated,
Other methods such as near-infrared reflectance (NIR)
and nuclear magnetic resonance (NMR) provide accu-
rate resulis, but the equipment and trainkng needed to
use them are nol widely available.

Finding the Total Carbon Content of a Plot

To determine sequestration, quantifiers must conver?
plot measurements to carbon stock on cach plot at each
thme, find the change on each plot over time, and scale
up to the project area, The carbon stock on each plot
is the sum of the stocks of all the carbon pools within
the plot, such as live trees, other live plants, woody de-
brig, and the forest floos. When feld measurements are
weights, such as the weight of litter collected from a
subplon of a specified area, field measurements can be
converted 1o carbon by multiplying them by the pro-
poertion of weight that is carbon, then scaling up,

When field work measores the sizes of things, these
sizes must be converted to weight to calculate carbon
stocks, A& large part of caloulating forest carbon seques-
tration is conversion of data about the sizes of trees and
the frequency with which they eccur into carbon mass.
A key step in this process is calculating the mass of car-
ban in each measured tree.

The species, height, and diameter of a tree reliably
refate to the mass of that tree. Individual trees of a
given species and shape have similar sizes and shapes
of trunks and branches and similar wood densities.
There is some variation in the relationship of mass 1o
height and diameter, however, depending on the varia-
lions within some species, climate, and (1o a besser de-
gree) the conditions under which an individual tree
grows, As a resubl, equations azed to predict tree bio-
mass a5 a function of height and diameter should,
ideally, be created from trees in the region in which the
equation will be used. Otherwise, they should at beast
e created from trecs that grew under climatic condi-
tions similar to the conditions where the equation will
be used. Equations that predict tree weight or volume
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35 a function of tree sizes are also called allometric
equatiens. Quantifiers may use existing biomass equa-
tions or develop new ones if appropriate equations are
not available.

Equations that predict carbon content of trees
from height and diameter are available from a variety
of sources, U5, Forest Service publications contain &
welth of information, including biomass and voburme
equations for a wide range of species. Quantifiers may
need to search the website of individual Forest Ser-
vice research slations because system-wide searches
do not seem to find all applicable materials. Many For-
st Service research publicatbons are available for free
download.

BIOPAK, software the US. Forest Service offers at
o charge, includes biomass equations for a variety of
North American plants (seehttp:www, fafed usfprw ).
BIOPAK provides references for the original sources of
the equatbons, which can help users determine their
applicability. However, although an extraordinary re-
source, BIOPAK is not casy 1o use, and most quantifi-
ers will search for ather equathons to wse in elecisnnbc
spreadsheets or other programs. Clark et al, (1986} pro-
vide equations for eastern Morth American hardwood
species, and Clark (I987) gives sources for equations
that predsct total aboveground biomass, or the mass af
specific companents, for southern U5, tree species. Al-
dred and Alemdag (1988} provide sources for predict-
ing total aboveground biomass of specific tree compo-
nents of Canadian trees.!!

The Internet or a forestry library can also be &
source of biomass equations. & scarch that includes the
name of the species, the word "biomass,” and the words
“equation or estimat®” will likely turn up references.
{The * serves as a wildcard in most search programs,
and it will return any word that starts with the betters
preceding the wildcard, such as either “estimate” or
“estimation.”} Il such a search does not yield results,
the word "biomass™ can be replaced with “volume™ and
the search repeated.

Stem-volume cquations are available for many spe-
cies because the volume of Lree trunks is commercially
important for the production of lumber and woaod fi-
ber products such as paper. Such equations use infor-
mation on the density of carbon in different species to
convert the volume of wood, as indicated by field mea-
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surements, to carbon mass. Some volume equatbons are
for wood enly; others inchude both wood and bark. Be-
cauze the wood-products industry developed many of
these equations. they often exclude branches, foliage,
tops, and stumps, but quantifiers can estimate crown
mass a5 a function of stem size or mass.

An equation may apply to a single species or group
of speches, or Il may be limited to a single species grown
under a specific management regime. Experts develop
the equations by culting and weighing trees and then
using regression apalysis to develop an equation that
relates the measured weights to the physical character-
istics of the trees, The resulting equations apply only
tov the range of tree sizes from which they were devel-
oped. Quantifiers are often tempted to use equatkons
intended to estimate the blomass in smaller trees to
estirmate biomass in large trees if the equatlons march
the species and location. However, that approach may
cause significant errors, and there will be no way to de-
tect them. IF an equation for large trees is needed, it is
better to adapt an equation for large trees of a similar
species that have a similar growth form than 1o apply
an equation for smaller trees, A biomass equation can
be adapted for application to a different species having
a similar growth form by adjusting for any difference
in the specific gravities of the woods of the two species
In question.

Equations for shrubs and very small trees often use
the diameter measured al the base, just above the root
crown, rather than the diameter af breast height. Some
shrub equations vse canopy diameter rather than stem
diameter. Some equations provide volume rather than
omags. (Quantifiers can convert volume to biomass
by multiplying by the density or specilic gravity; see
Appemdix 10 Some equations caleulate the dry-weight
biomass or carbon mass of a single tree, typically as
a function of diameter or both diameter and height.
Maost such equations are made from m ements af

Biomass equations that do not use free heights give
less reliable estimates of biomass than equations that
use both height and diameter. This is because tree
height—for a given diameter—can vary tremendously
as a function of site productivity and the tree density
under which the stand developed. However, much of
the time, using both height and diameter gives no more
than 10% more sccurate predictions of biomass than
uging diameter alone. If forest stands are managed and
biomass equations are developed from similar stands
and ot applied 1o obd-growth trees, equations that use
only diameter and species to predict biomass should be
adequate.

Cuantifiers must specify the equations they will use
to calculate biomass. and the propertics of the trees
that will be used to drive them, before designing the
sampling system and specifying the feld protocols.
If quantifiers do not select equations until later, feld
crews may not collect all the information needed for
the calculations. and the money spent on sampling
may be wasted )2

If more accurate equations become available during
the project, or if the factors weed to drive the equations
change, quantifiers may be able to adopt the new equa-
tions. However, this may not work if measurements
from earlier fieldwork cannot drive the new equations,
A project’s monitoring plan may also call for develop-
ing new factors, such as site-specific densities of woody
debris not present on the site earlicr. Waiting until the
second measurement of biomass stocks 1o develop new
density factors or equations is often efficient, as other
analysts may have created usable factors or the project’s
needs may have changed. All the needed data must be
collected at the appropriate time, though, and quan-
tifiers should use exteeme caution in changing meth-
ods for collecting information because such changes
may rube out comparisons of earlier and later biomass

the aboveground parts of trees, Some equations predict
biomass of a single component of a tree. such as foll-
age, branches, bark, or bole wood. Relatively few stud-
ies of the root blomass of trees have been published,
although general equations for Morth America predict
root biomass as a function of aboveground biomass
and diameter.

At
If quamtifiers do not have enough information to
use a specihic biomass equatbon for a given species, or
if they cannot find an appropriate equation, they have
several options. They can use equations developed for
other species, they can create new equations, or they
can use an equation for a group of species instead of an
equation for a specific species (see Appendices 13-15)
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Calculating Changes in Carbon Stocks

After calculating the mass of each carbon pool an a
plot and scaling the results into commen units (sach
as tons of carbon per hectare), quantifiers sum them
to determine the total carbon mass for each plot, They
then subtract the amount of carbon present on thai
ploe at the start of the project from the pew amoum to
find the change in carbon stocks. Of course, quanti-
fiers must use the same biomass equations 1o esimate
both amounts,

Using permanent plots allows finding the change
in carbon stock on each plot before expanding 1o the
change in carbon stock on the project area as 2 whale.
This approach of finding the change on each plt is
called paired plot analysis; the carbon density of each
plot measured af a later time is paired with the carbon
density on each of those plots measured at the start of
the project. Paired plot analysis is different from the
typical analysis of difference of means. The difference
of means would be found by cabculating the mean es-
timated carbon stock of the entire project area at the
start of the project, caleulating the mean estimated
carbon stock of the entire project area at a later time,
and then finding the difference between these two es-
timated mean carbon socks. Paired plots are used be-
cause pairing plots through time reduces variability,
thus giving a maore precise estimate of the change in
carbon stock.

After calculating the change in carbon stock on
each plot, quantificrs then calculate the change in car-
bon stock for the entice project area, along with Hs un-
certainty. If the project has onky one stratum® and has
installed plots randomly, then the averall change in
carbon stock is the average of the changes in all the in-
dividual plots, in metric tons of carbon per acre. The
average change per plot is

AC, -li:l:‘:, wl:'J,rl.':r Equation 6.1

where AC, B the average amount of carbon gained
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throughout the project area, C1, is the amount of car-
bon ohserved on subplot § in sampling site 5 at time |,
C1, is the amount of carbon observed on subplos § on
plot s at time 2, and m is the number of subphots in the
area sampled. IFthe project has multiple strata, this cal-
culation is performed for each stratum.

Before applying Equation 6.1, quantifiers should
convert C2; and C1, 10 tons of carbon per hectare so
that AC, will also be in tans per hectare.

The next step is 1o calculate the mean estimated
change in carbon stocks for the entire project area, If
all plots have the same area, quantifiers can do this by
calculating the average change per plot {in units of tans
per hectare) and then multiplying by the total hectares
in the profect:

C\q ':"“:m A Eguation 6.2

where C i the total amount of carbon sequestered by
the prodect (in tons), .&Cm is the average change in car-
bon stock observed on plots (in units of tons per hect-
are), and A is the total area of the project lands. IF the
project is stratified (sce Appendix 1), Lo the sum
of the amounts of sequestration calculated for each
SUTATL

As described in Chapler 2, the project’s net GHG
benefit is the overall gain in sequestration minus the
baseline :Cmq - B) and inadvertent empsions from:
project activities (see Appendix 20, The project’s off-
sets equal the net GHG benefit minus leakage and the
statistical uncertainty in the calculations (see Appen-
dix 3L

Ofall biotic offset projects, forestry projects have the po-
tential to provide some of the greatest GHG benefits—
both per hectare and per dollar invested. Thus they can
provide an impoertant contribution to a carbon market.
However, forestry progects are complex, and their ben-
efits are difficult 1o measure precisely. Careful planning
and strict adherence to the procedures outlined here is
eazential to the success of these projects.
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Chapter 7

Step 4: Quantifying the
Carbon Sequestered in Soil

Although soil and plant detritus contains 1.5 to 2 tril-
lisn metric tons of carbon worldwide, carbon accounts
for only 1 10 5 percent of the sotl on the surface and
less than | percent of soll below the surface. Moreover,
the amount of carbon a land-use project sequesters is
usnally small compared with the amount of carban al-
ready stored in the soll. The gain is almost always bess
than 10 percent and often less than 5 percent, and if
carbon is measured to a depth of only | meter, the gain
is usually less than 3 percent.

These attributes make quantifying the offsers a soil
project produces challenging. Measurements must be
precise and designed to account for varlations in soll
carbon (rom one from location to another, This chap-
ter provides an overview of how to design a quantifica-
thon system to achieve those goals (see Appendix 16 for
mare informatkon).

Because a system for quantifying soll carbon is com-
plex, most developers will want to consider projects
that emcompass at beast 25,000 acres and sequester at
st 25,000 tons of carbon,' to make the costs of mea-
suring changes in soil carbon cost-effective, Project de-
vebopers with smaller land arcas, or who are secking
to generate fewer tons of offsets, should consider ag-
gregating their lands to reduce the cost per ton of mea-
suring and verifying offsets. As a last resort, smaller
prosects may be able to rely on modeling 1o estimate
how much carbon they sequester. However, some car-
bon markets or regulatory systems may not accept less
rigarous guantification, or the resulting ofsets may sell
ala kower price,

In most cases, developers must quantify the carbon
sequestered in soils on project lands by

-Designing a system for measuring changes in the
amount of carbon in the woil.

=Taking field measurements of carbon stocks at the
start of the project,

-Monitoring project conditions over time to assess
whether gers have impl d changes in
land-use practices and to gauge the amount of
carbon stored.

=Remeasuring carbon stocks in soil and calcular.
ing changes in those stocks.

Designing the Measurement System

Quantifiers must be able to document and accurately
quantify the sequestration that ocours on project soils.
Without an acceptable method for estimating benefits,
project developers cannot say with confidence that se-
questration has occurred, and thus they will likely be
unable to market their offsets,

A sampling design and protocol for analytic mea-
surements must be designed at the outset to accurately
quantify the changes in soil carbon over the project pe-
riod, Sampling and analyzing svil samples can be costly,
a0 the design of the sampling program can strongly af-
fect the cost of the project and its profitability. The goal
iz to select a sampling program that achieves a level of
precision high enough to detect tons of sequestesed car-
bon withowt incarring untenable costs, An appropri-
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ate sampling design and analytical framework, careful
fieldwork, and high-quality labaratory testing can pro-
vide a high level of precision for acceptable cost. For
some types of projects, establishing an adequate sam-
pling strategy may prove prohibitively difficult (see the
sidebar on erosion).

Quantifying carbon sequestration Is made espe-
cially difficult by the fact that the increase in soil car-
bon stocks in most projects will be less 1han 10 per-
cent of the total soil carbon content—and much less if
deeper soil ks sampled. This means tha if quantifiers
need to measure the net sequestration {or change in
the sodl carbon content) o an acourscy of 10 percent (as
recommended in Appendix 33, they will have 10 mea-
sure the total soil carbon content to an accuracy of at
least | percent.

For example, consider a project that switches from
plowing to no-till farming. Such projects will typically
store on se order of 2 to 4 tons of carbon per acre. Sup-
pose that the project actually stores an extra 4 tons of
carbon per acre, Further suppase that the project de-
veloper hopes to get credit for sequestering at least
35 tons of carbon per acre. That means that the un-
certainty in the measured change in carbon stock must
be o more than 0.5 tons of carbon per acre (see Chap-
ter 3.

Achieving that level of accuracy can be challenging.
Project developers can increase their odds of meeting it
by adopting a strategy that involves choosing sampling
sites randomly to aveid bias, using paired sampling,”
selecting enough sampling sites to ensure statistical
accuracy, and adopting stratified sampling to further
increase statistical power (see Appendix 1) A typlcal
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project would probably require about 50 1o 100 sam-
pling sites to achieve that level of statistical precision,
with one site located every 100 hectares.* That means
each field would probably include only ane plot, and
soarue fiebds would have none. With this widea distribu-
tien of plats, projects need a system 10 ensure that the
locations of sampling sites are in fact random, If devel-
opers are using a GIS program to map the project arca
the sofiware can randomly assign plot centers. If de-
velopers are not using a GIS program, quantifiers can
use a random-sampling technique to assign plot loca-
ticns manually,

A sampling strategy should include a detailed pro-
tocol for collecting samples of a specified volume from
numerous sites. Field crews will have 1o remove rocks
and roots from each sample. The soil is then ground
and mixed, and a subsample 15 analyzed in a lab te
determine its carbon content. The sampling prodocol
should specify

~The number and spatial arrangement of soil sam-
ples 1o be taken at each site.

=The steps field crews should take if they cannot
extract a sample at the specified bocation,

=The diameter of the soil cores and the depth to
which field crews will colbect each core.

~The guidelines for how crews should deal with
materials on the surface of the soll and for how
they should label, package. and handle samples.

Coring is the most efficient soil-sampling tech-

nique that uses commercially avallable tools, In this

approach, field crews collect soil cores from specified
sites by hand or by using hydraulically powered coring

The Challenges of Erosion-
Abatement Projects

Conservation practices such as contour plowing.
planting ofgrass strips. and reduced tillage can greatly
reduce erosion and thus increase the amouant of car-
bon in soils. However, reducing erosion may merely
prevent the transport of stored carbon off project
lands, rather than increase the total amount of car-
bon stored inside and outside the project. Moreover,

carbon stocks under 2 given type of vegetation for a
particular soil and climate tend o approach equilib-
rium. Thus when erosion removes carbon fram a sile,
the vegetation will usually store more carbon for a
period of time to make up the deficle. [f seils ouside
project boundaries trap the eroded carbon, and vege-
tation begins sequestering more carbon at the eroded
site, erosion may actually increase rather than de-
crease overall carbon stocks (Smith 2005),
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machines. (The latter can take larger and deeper cores,
but the cores must be transported by a truck or tractor.)
Obtaining the desired level of precision requires mix-
ing matltiple cores from each site to account for vari-
ability and reduce measurement error,

Corers employed 1o sample soil are vsually tubular
and range in diameter from about 2 1o B centimeters.
Although using the smallest-diameter corer that will
gather intact samples is most cost-effective, a larger
corer may work best in soils with some buried gravel.
I crews are uncertain about whether a particular corer
will collect samyples to the desired depth, it ks cheaper
to field-nest the corer than to choose a large-diameter
corer, transport hundreds of kilograms of soil, and
spend days processing the larger samples.®

Coring may not work if crews are taking measure-
ments at multiple depths in soils that compact a great
deal when cored, that contain large numbers of rocks
or buried wood such as roots, or that are very noncohe-
sive (such as dry sand). 17 the amounts of rock or bue-
jed wood are so great that crews cannot extract cores
aﬁzriﬁrw:llnn[ﬂs. CTEWS mi'rm::d.lrl Engtrument -d:a
signed for sampling noncohesive materials, such as a
bucket auger for sampling sand. A drawback of bucket
augers {s that they extract disturbed material, not an
intact core, thus mixing soil from a range of depths.

Quantifiers may seon be able to use new portable
technologies such as laser-induced breakdown spec-
troscopy, inelastic neutron scattering, and near-infrared
spectroscopy 1o measure carbon content in the held.
However, these emerging technodogies require further
testing and refinement before they become accepted
approaches to measuring changes in soil carbsan,

Deciding on Sampling Depth

The decision of how deeply to sample soil is perhaps the
mast important deciston in designing a system for mea-
suring soil carbon. Most of the increase in carbon in
soil projects will usually occur in the top few centime-
ters of soil. However, these increases may simply rep-
resent carbon redistributed from decper depths, with
the project having produced litthe or no net sequestra-
tion, especially in the first few years after a change in

land management or vegetation. This may be the case,
for example, during the first decadde after a switch from
plowing to no-till farming because the lack of plowing
sdows the transport of plant material {and its attendank
carbon) to lower depths, Such projects may even see an
overall loss of soil carbon during the first few years, cs-
pecially in dry climates. For this reason, na-till seques-
tration projects should usually sample a1 least the en-
tire plow Layer of soil, which typically extends about 20
centimeters below the surface.

COn the other hand, sampling deeper than 20 ta
30 centimeters may not be worthwhile unless species
and sodls have unusually large amounts of root mass
or carbon deposition a1 greater depths. Projects shoald
conduct deeper sampling if amounts of soll carbom
may decline at those depths, or if the project will es-
tablish deep-rosting grasses, which can add signifi-
cant amounts of carbon to soil to 2 meters, and smalll
amounis to 4 meters. Sampling to deeper depths makes
discerning sequestration against a larger volume of soil
more difficult, Developers may choose 1o forego mea-
suring some of the carbon gain af these depths if the
cost of doing so is greater than the value of the carbom
or if attempting to measure some of the carbon stock
would dilute the precision of the overall measurement.
However, if there is serious concern that the change in
land management will cause boss of carbon deeper in
the soil, sampling must encompass the depth where
loss may occur,

Determining the Mumber of Cores

A detailed measurement plan must specify techniques
for establishing permanent sampling sites where crews
collect 2 set number of cores from each site with a spe-
cific spatial distribution, which are then mixed into a
single sample and sent 10 a laboratory for analysis. Es-
tablishing permanent plots allows crews 1o return years
later to remeasure soil carbon and calculate the change
on each plot, which gives the overall resols for the
project statistical power. To help fiekl technicians And
each plot during later sampling periods, crews should
mark each phot center, such as by placing an electronic
marker in the soil. {An electronic marker (s an antenna
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Figure 7.1 Layout of cores at a sampling site. Establishing permanent plots
allows crews 1o return years later to re-measure soil carbon and cabculate the
change an cach plot, which gives statistical power to the the overall sesulzs for
the project. Although most aspects of sampling should remain constant from
ane measurement round 1o the next, crews should extract soil cores at points
displaced from those used during prior sampling to ensure that the results are
nat inflaenced by disturbances incurred by the sampling itself.
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that is encased in plastic [to keep it from rusting] that is
buried deep enough so any likely disturbance, such as
plowing, will not move it.) Field crews collecting later
samphes use a electronic locator, which is similar 10 a
metal detector, 1o find the marker.

Flots are typically at least 2 by 5 meters (10 square
mieters), but not larger than 9 by 9 meters. Field crews
coflect a predetermined number of cores around the
plot center, even though the center may be on the cor-
ner of the grid (see Figure 7.1). The spacing between
cores, wiually 2 meters, should not be so geeat that plots
cross soll types or landforms or that plots vary signifi-
cantly in some other way,

The number of cores to collect and mix on each
sampling site is a key determinant of whether the sam-
ple accurately represents the amount of carbon in soll.
Collecting and mixing as few as skx cores per plot may
work for sedl that has been tilled many times, as tilling
makes soil more homogeneous. Mixing 10 to 16 cores
per site is best for sodl that has not been tilled or for soil
where woody plants have been growing,

If early measurements show that collecting fewer
cores per site or wing a smaller-diameter corer will
vield measurements of acceptable variability, quantifi-
ers can make those changes 1o reduce costs. Quantifiers
may also decide o analyze differemt depth increments
separately and to collect fewer cores o the full depth.
For example. if the plow layer is 20 cemimeters deep
and crews sample 1o a 50-centimeter depth, quantifi-
ers might analyze the 0-20-cemtimeter layer separately
{rom the 20-50-centimeter layer. This approach can re-
weal where sequestration is or is not rising. However, it
does nod give mare statistical power because it does not
increase the number of plots. Measuring depth incre-
ments scparately also increases the costs of transport-
ing and processing sodl samples. Collecting fewer deep
cores at each site and processing an additional sample
af the added depth is usually more cost-efective.

Although most aspects of sampling should remain
constant from one measurement round to the next, two
aspects should change. Crews should extract soll cores
at points displaced from those used dusing prior sam-
pling to ensure that the results are not influenced by
disturbances incurred by the sampling itself {sce Fig-

ure 7.1). Consider a sampling design that removes nine
cores from each sampling site in a 4-by-4-meter grid,
with I meters between intersections. During initial
sampling, the northwesternmost sampling point is the
reference point. For the next round of sampling, crews
could displace each sampling point | meter south. Dur-
Img a third round, they could displace each sampling
point | meter east of the initial points, and during a
fourth round they could displace each point | meter
south and | meter east.

The second aspect of measurement thar should
change is the location of points for sampling decom-
posed organic material. If a layer of such material sits
above mineral soil, sampling will reduce the carbon
stock in this layer for at least several vears, and posaibly
for more than & century. To keep this local disturbance
from biasing the estimate for the project, Geld crews
shauld digplace locations for sampling decompased or-
gankc materials from earlier locations, However, crews
can sample such litter at the same locations if they do
50 only every five vears of more, as most lier will have
accumulated during that time.

A project’s sampling protocol should specify how
to deal with obstacles such as large rocks and trees
that prevent crews from collecting cores at designated
points. I they cannot extract a core from a specified
point, moving a fixed distance such as 10 centimeters
north may introduce bess bias than moving only as far
as aeeded. [f coews still cannot extract a core, they can
move another I} centimeters porth and try again. 1f
they hit bedrock, they should collect a sample to that
depth and record it. If no soil is present, they can alse
record that fact.

Cruantifiers should remove plots from the mes-
surement system only if the land on which they sit has
been dropped from the project. Plots should not be re-
moved hecause they have been bulldozed or otherwise
disturbed, a road has been built through them, or a
river has shifted its channel. If field crews fail 1w find
a plot marker after a diligent search, they can consbden
the plot lost and establish a new one at the prescribed
lecation.
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Determining Frequency of Measurement

The optimal interval for measuring changes in soil car-
bon depends on the rate of change, the cost of conduct-
img measurements, and the value of any offsets. More
frequent measurements reveal any shortfall in carbon
sequestration quickly, giving developers a chance o
address problems. Project developers also wish to de-
liver offsets and get paid for them as soon as possible.
In addition, uncertainty rises as time passes since the
last measurement, eroding the amount of offsets veri-
fiers will accept and lowering the price these offsets
might command. On the other hand, lengthening the
time between remeasurements spreads quantification
costs over a larger amount of offsets, which tends to
increase the profiability of the project. The challenge
is 1o balance the tension between delaying remeasure-
ment 1o reduce costs and hurrying it to verify seques-
tration as it occurs,

Changes in soil carbon are typically not measur-
able from one year to the next because the change is
1o srmall relative to the 1otal carbon stock. Moreaver,
such frequent measurements may prove unreliable be-
cause sequestration varies from year to year depend-
ing on the weather. The dynamics of soil carbon during
the first one to three years after a switch from plowing
tor no-111] farming are also poorky understond, and i
is unclear how quickiy net sequestration begins. Given
current technology, costs, and annual variability in se-
questration, most project developers should probably
choose to measure soll carbon every five 1o 10 years for
the first 10 1o 15 years. Developers may plan further
measurements in later years, or they may simply mani-
tor a project 1o ensure that conditions are conducive
I maintaining sequestration, if they expect the soil
to store little additional carbon. Projects usually mea-
sure soll carbon shortly before they end, 1o determine
whether they have met their overall targes.

A project’s measurement plan may call for a hy-
brid approach wherein quantificrs measure carbon
stocks for several years and then use the resulting data
in models to calculate changes in later years. Before
chosing a hybrid approach, project developers should
assure themselves that the needed modeling capacity is
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available a1 an acceptable cost. Although leading soll
carbon models are available free of charge, paying peo-
ple with the expertise to run them may prove costly.

Designing a sampling system; conducting an initial
measurement of soil carbon within the project areaz
measuring changes in soll carbon later; and paying
for laboratory costs, data amalysis, and verification can
casily cost several tens of thousands of dollars, After
calculating the number of plots needed and setting a
schedule for remeasurement, developers may wish to
estimate the cost of all the quantification work over
the lifetime of the project to see if it is likely to detece
enough sequestration to be financially viable,

Developers may choose to monitor st more frequent
intervals to determine whether land managers have im-
plemented the promised activities and those activities
are yielding the antickpated sequestration rates. These
extra monioring activities should specify perfor-
mance threshalds, such that if the thresholds are met.
the propect is likely to be sequestering carbon accord -
ing to plan, A near miss might trigger further measure-
ments to better understand project conditions, whereas
a complete miss could trigger remedial action.

Thresholds may be quantitative rather than categor-
ical. Suppose a project plans to boost soil carban by in-
creasing crop residue left on fields to 5 lons per acre.
Field crews weigh the residue on small, randomly lo-
cated plots, 1f the average mass is bess than 5 tons per
acre, or if more than 10 percent of the plots have less
than 4 was per acre, such a finding would trigger more
intensive measurements of residue and modeling of the
sequestration likely to result,

Quantifying Carbon in Samples

The most commen techniques for apalyzing the pro-
portion of soil that is carbon are based on measure-
ments of the emissions from the dry combustion of
soll samples. (This approach is quite similar to that de-
scribed in Chapter & for analyzing samples collected in
a forestry project.) Cores of a known volume are col-
lected, dried, and weighed. The weight is then divided
by the volume to vield soil bulk density.

To find the amount of carbon in the sample, labo-



244

Steps in Determining a Project's Offsets

Medeling Future Changes in Carbon Stocks

Developers typically use modeling or extrapolation
from benchmark sited to estimate how much seques-
tration a prapect will produce before they embark on
it. However, developers may also use data colbected
during the initial measurement of carbon stocks to
madel potential sequestration and 1o check progress
during the project.

Developers need at least one modeling ran for each
combination of conditions. For example, Il the proj-
ecl encompasses two different sobl textures and crop-
ping regimes, they need to run the model for each
combinaticon of sail type and cropping regime. Mod-
eling is typically done on a per-hectare or per-acre
basis and scabed up. Two user-friendly compater pro-
grams, the soil carbon tool of the Intergovernmental
Panel on Climate Change {PCC) and the COMET
model {both available free online), quickly give a
scientifically based estimate of changes in soil car-
bon resulting from changes in land management. A
third soil carbon model, CENTURY, can make site-
specific predictions based on data from land manag:
ers, an initlal measurement of soil carbon, and other
soueces. CENTURY has been widely validated and
is also available online at no cost. However, format-
ting data for use in this model, selecting factors for
the caleulations, and assessing outputs requires sub-
stantial expertise. The information needed 1o oper-
ate the IPCC and COMET models includes soil tex-
ture, cropping regime. tillage practices, productivity,
and nutrient inputs, whereas the CENTURY moded
also requires historic weather data from a nearby
location,

Assessing Uncertainty

Regardless of whether quantifiers use measurements
or madels to determine changes in soil carbon, they
st assess the uncertainty in the caboulated offsets.
Using site-specific information o better represent
actial carbon dynamics may yield more precise es-
timates, reducing uncertaimty. Smaller uncertainty
ranges, in furn, may allow quantifiers fo detect mone
of the sequestered carbon with a high level of con-

fidence, thus producing more credited offsets and
gaining a higher price for the offsets,

Empirical measures of uncertainly are far berer
than expert opinion. Studies have shown that peo-
ple often think their predictions are much more ac-
curate than they turn out to be.® Whereas an evalua-
tion of unceriainty based on actual measurements of
soil carbon stocks is fairdy straightforward (see Ap-
pendix 3 on statistics), such an evaluation based on
mindels is more problematic. One approach 1o quan-
tifying 1he uncertainty of estimates by a model in-
volves Anding the difference between modeled and
observed owicomes in a number of cases and using
that difference 1o caleulate the standard deviation of
the model's errors.

Some analysts use Monte Carle analysis to estl-
mate uncertainty. Properly done. Monte Carlo analy-
sis examings variation in predicted outputs from
thowsands of model runs, where the inputs for each
run are randomly selected from the possible range for
cach input.” For example, suppose that 2 model uses
the amount of rainfall occarring each month as an
input, and the model is run with ralnfall recosds for
a 25-year period. For each month, there are 25 pos-
sible values for the amaunt of rainfall for that month.
During each run of the model, for each month, the
Monte Carlo analysis would randomly select a year
and wse that amount In the model ran.

Using Monte Cardo maodeling to estimate uncer-
tainty assumes that the model correctly represents
dynamics in the physical workd. This assumption is
never totally correct; all models, by definition, are
simplifications, If the model represents the world
reaspnably aceurately, the modeled uncertabnty will
be close 1o the sbserved uncertainty in the world,
Il the model does not reliably depict the world, the
modeled uncertainty may be much smaller or larger
than tlse true uncertainty. Monte Carlo simulation is
appropriate for a complex moded such as CENTURY,
The IPCC's soil carbon 1ool and COMET do not al-
low enough variation in inputs for wsers to perform
Monte Carlo simulations. However, the COMET 100l
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does provide estimates of uncertainty by comparing
differences between modeled outputs and measure-
ments at benchmark sites.

Validating Model Estimates

1fa project will run for along time and quantifiers will
calculate soil carbon stocks more than twice, madel-
ing can be very useful in determining whether initial
projections match what is occurring, Initial measure-
ments can be used 25 inputs to model runs, and pre-
dicted soil carbon values can be compared with those
observed during the second field measurement. If the
modeled and measured values match, users can have

much higher confidence in model projections of later
sequestration, If modeled and measured sequestra-
thon amounts do not match, project developers can
adjust profections of future sequestration, Only a few
sampling points, spanning the range of conditions
across the project area, need to be measured during
the second field measurement. Quantifiers can run
the model using information from these sites as a
check on the reliability of predictions for all sites.

Sensitivity analysis can be wsed o determine
which inputs have the greatest impact on oatputs,
Quantifiers can then focus on obMaining more rell-
able data far those input variables.

ratory analysts first take a small subsample from each
core and measure its mass. They then oxidize (or burn)
the subsample at & very high temperature, using infra-
red gas absorption or gas chrematography o measure
the amount of CO, emitted, Analysts can convert this
amount to grams of carbon by dividing it by 3667 (the
ratlo of the mass of CO, to carbon). They can then find
the amount of carbon in sodl per unit of area by divid-
ing this quantity by the mass of the subsample and mul-
tiplying it by the bulk density of the sample and depth
of the core (see Appendix 16). Th amount of carbon se-
questered in soil is best expressed in tons per hectare.

This technigque is extremely accurate if samples are
prepared  properly and equipment is calibrated and
used correctly.® Crews must be careful to collect all il
Trom sample cores and to exclude sodl that is not from
the cores. If samples will not be processed for several
days, they should be refrigerated or frozen to show de-
compasition and boss of carbon.

To obtain an accurate reading of soil carbon, labora-
tory staff should theroughly mix the entire sodl sample
or preferably mill the entire sample except for roots or
other materials that are not classified as soil. A1 mini-
mum, it is essential 1o mill a subsample of soil to a very
fine texture and homogenize it If such preparation is
insufficient. carbon numbers will be highly variable,
and quantifiers will not detect the modest amounts of
carbon that profects are likely 10 sequester. (Subsam-

ples typically weigh only a fraction of a gram, although
their weight may vary with their carbon contem.}

If a significant proportion of the particles in the soil
are larger than 2 millimeters, analysts should grind
a sample of this material and test it for the presence
of carbon, If they find carbon, they should process 10
to M) samyples to see if such material contains a wni-
fisrm percentage. If it does, they can wee that percent-
age in evaluating the overall amount of carbon thas
such material contributes 1o soil samples. 1 the car-
bon content in this materkal varies significamly, ana-
lysis should measure more samples until they find an
acceptably small standard of deviation. Poroas rocks
such as sandstone and some volcanic rocks are particu-
larly likely 1o include carbon. Rocks with carbonates,
such as limestone, include inorganic carbon that will
produce CO, when combusted, so their presence woukd
require further analysis to distinguish organic from in-
organic carbon,

A number of universitics operate high-quality ana-
Tytical facilitbes and will analyze the amount of car-
bon in soil subsamples for @ modest fee. A useful ap-
proach is to rely on a lab that analyzes samples jointly
with other labs and compares results. After chemical
anualysis of soil subsamples, quantifiers should archive
remaining samples for reanalysis later, if necessary.
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Determining the Change in Carbon Stocks

One might assume that the change in carbon stocks at
any specific site is simply the difference between the
mass of carbon per unlt of area at the beginning of the
measurement period and the mass at the end. However,
if the bulk density of the soil changes over time, the cal-
culation process must account for this change. Fallure
to do so can lead 1o ercors that range from doubling ac-
tual sequestration to falsely concluding that the soil has
lost carbon when it has gained carbon (Gifford 2003).

Changes in bulk soil density usually reflect the fact
that soil has become more or bess compacted. For ex-
armple, soll density usually rises for several years after
lanad managers switch from plowing lo no-till farming.
That is because the soil collapses until satl aggregates
form and re-create the porous structure found in pro-
ductive soils with little disturbance. The height of the
soll surface usually changes along with bulk soll den-
sity: when sail compacts, the surface drops; when soll
becomes less compact, the surface rises.

When soil density increases, resampling 1o a given
depth captures more soil. The inverse is also true: if soil
density decreases, resampling (o a glven depth captures
less soil, For example, suppose that in project year I,
crews samiple sobl 1o a depth of 20 centimeters. Further
suppose that over the next few years, the soil Increases
i density (or compacts) by 1) percent, and the surface
drops. 1F resampling in year 10 also occurs to a depth
of 2 centimeters, it will capture about as much soil
as sampling to 22 centimeters would have captured in
year | (see Figure 7.2).

To account for this effect, quantifiers must calculate
bulk soil density for each sampling site cach time they
measure carbon stocks, They can do so by separating
any rocks, roots, and other material larger than a speci-
fied size (such as 2 millimeters) from fine soil and then
consulting soil-sampling manuals on how o measare
the density of this material. This approach accounts for
the fact that samples taken a1 different times may in-
clude more or fewer rock fragments and roots, (Unbi-
ased measurement of the density of rocky solls requires
the use of more laborious pit sampling, as corers can-
not encampass large rocks and usually do not yield in-
tact cores when encountering them.)

T determine whether soil density has changed dur-
ing out-year sampling, fiedd crews should extract an ex-
tra 5-centimeter portion of soil from the first few sites:
{see Figure 7.3). For example, il the initial sampling in-
cluded soil 1o a depth of 20 centimeters, crews should
remove soil from a depth of 20 10 25 centimelers as a
separate sample,

Quanmtificrs then measure the density of several soll
samples taken at the original depth. IT densities are
within 1 1o 2 percent of remaining constant sver time,,
field cxews may stop collecting the extra depth incre-
ments. However, they should not discard the samples
eollected until the overall analysis is complete. If bulk
density has changed. the change might be a fairly con-
stant percentage across sites, or it might occur only un-
der some conditions. Quantifiers may reed to analyze
200 vor 30 sines to discern a pattern. If they cannot detect
a pattern, crews should collect the extra depth incre-
ment a1 all sites. Quantifiers then use those depth in-
crements to correct for changes in bulk soal density (see
Appendix 16],

After calculating the change in carbon stock at
each sampling site and correcting for changes in bulk.
density, quantifiers then caloulate the change in car-
bon stock for cach plot. Mext, they calculate the mean
change in carbon per plot for all the plots analyzed.
If the project has only one stratum® and has installed
sampling sites randomly, then the average change in

carbon per phot is

AL = IC2—C1) m Equation 1.3
where AC, . Is the average amount of carbon gained.
€1, is the amount of carbon observed on plot § at time 1,
23, is the amount of carbon observed on plat § at time
2, and » is the number of ploas. M“ will be in the
same units as €2, and C1,. As noted, quantifiers should
convert plot mexsurements to tons of carbon per hect-
are before performing this calculation.

The mean estimated change in carbon stock is the
average of the changes measured at each sampling piot
{in metric tons of carbon per hectare) times the num-
ber of hectares in the project:

Coog =L, ¥ A Equation 7. 4
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Figure 7.2 The elfect of changes in bulk soil density on the amoant of soil sampled. Sedil
demity can change over time {for example becawse of compaction and swbsidence) and aften
changes in denaity are sccompanied by changes in soil beight, When sl density increases
(as iBustrated here), resamspling o 8 given depth captisnes mote soil. The inverse is also trme
1 ol density decreases, reaampling to a given depth captures bess soll. To sccount fior this
effect, quantifiers must calculate bulk soil denadty each time they messure carbon mecks,

where C_, is the calculated amoant of carbon seques-

tered aver the project lands in metric tons of catbon,

A, i the average of the changes per unit of area
measured at all plots fas metric tons per bectare), and
A i3 the number of hectares encompassed by the proj-
ect. Note that the mean estimated change B2 nit the
amoant of offsets credited o the project. The credined

offsets arc equal to C_, minus inadvertent emissions,
the baseline, the uncertainty or confidence inferval,
and the leskage ¥

Cakeulations of total project sequestration are some-
what more complex if the project is stratified. In that
case, project sequestration is the sum of the amounts
of sequestration calculated for each stratum. Quanti-
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fiers calculate sequestration for each stratum using the
methid for a project without stratification.

Soll projects offer an opportunity for farmers and land
managers to participate in burgeoning carbon mar-
kets by making only minor sdjustments to thelr nor-
mal practices, such as by switching to no-till farming.
With a moderate investment in labor and monitoring
equipment, landowners can realize extra profits while
taking steps to absorb greenhouse pollutants from the
atmosphere.

Figure 7.3 Extra samipling to calculste soll bulk density,
Soil demsity can be obtained from the same cores used

1o measure carbon content by extracting an extra
S-gentimeter portion of sail from the firs few sibes.
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A manure offset project uswally entalls moving from a
manure-handling system that releases a large amount
of methane {most likely an open anacrobic lagoon, but
perhaps a liquid slurry, deep litter, pit, or anaerobic
digester) 1o a system engineered to capture and burn
methane. Although burning methane produces CO,
emissions, such a project can have a significant GHG
benefit because methane is about 20 times more po-
tent than CO, as & greenhouse warmer (sec Chapler
2). Moreover, if the captured methang is burned in an
electric generator, it can reduce the project’s use of fos-
sil fuels and may also create additional affets.!

This chapter presents an overview of the proto-
cels, analytic procedures, and calculations develop-
ers should follow in developing and implementing
manure-based offsct projects. (For more detall, see Ap-
pendices 17 and 18

Manure-Handling Systems

A wide range of systerns for managing mamnure is avail-
able. The Intergovernmental Panel on Climate Change
{IPCC) uses the following nomenclature to classify
them (IPCC 2000}

- Pasture: Manure from pastured or range animals
left where deposited and not managed.

- Daily spread: Manure collected daily from barns
and spread on felds.

- Deep litter (catthe and swine): Dung and urine left
to accumulate in stalls for long pericds of time.

Chapter 8

Step 5: Quantifying Greenhouse
Gas Emissions from Manure

= Poultry manure: Manure collected in cages, with
of without bedding.

= Solid storage: Dung and urine collected from
stalls and stored for months, with or without
drainage of liquid, followed by some other use or
disposal method.

=Dy lor: In dry climates, litter allowed to dry in
stalls before removal.

- Pis sterage: Combined dung and urine stored in
vented pits below stalls,

= Liguid sturry: Dung and urine transported and
stored for months in liquid form, with water
sdded as needed for handling, in tanks open to
the atmosphere.

= Anaerobic lagoon: Deng and urine fushed with
water into open ponds, where they are stored for
more than a month, with or without the capture
of methane or wse of the water remaining after
solids settle.

- Anierobic digester: Management of slurry of dung
and urine designed to facilitate conversion of sol-
ids to methane, which may involve temperature
comrol, mixing, or pH management; the resulting
gas may be released, llared, or used 1o generate
pawer.

- Camposting-intensive: Waste placed in a vessel or
tunnel with forced acration.

- Compasting-extensive: Waste collected, piled, and
regularly turned for aeration.

~Acrobic treatment: Waste collected as liguid and
managed with forced aeration 1o provide nitrifica-



250

Steps in Determining a Project’s Offsets

tion and denitrification; treatment produces large
amounts of sludge, and wial methane emissions
deprend on management of resulting sludge,

Anzerobic digestion projects are especially promis-
ing. Bystoring and processing liquid manure under low-
oxygen conditbons, anacrobic digesters convert much
of the carbon in manure to methane, In fact, many ma-
nure digesters are designed to maximize methane pro-
duction, bolstered by warmer temperatures and lon-
ger residency times. 1f this methane is released, it is &
potent greenhouse gas, but a project that captures and
burns the methane avoids these emissions and thus can
create offsets. The methane can be flared in an open
burner, or it can be burned in an electric generator or
other equipment. A properly managed anserobic di-
gester can also avoid the release of ammonia, which
becomes an air pollustant in high concentrations.

Owerview of the Approach

Because dc:nmpu:lnx manire can Fn‘u{m methane
and nitrous oxide emissions,’ quantifiers must acoount
fior both when caleulating the greenhouse impact of
a project based on changes in manure management.
However, the methane emissions are wsually much
greater than nitrous oxide emissions. In addition, even
though nitrous oxide has a much greater warming efect
per unit of gas {see Chapter 2), nitrous oxide emissions
typlecally have a minimal overall greenhouse impact
compared with the methane emissions (rom manure.”
Quantifiers should therefore focus on accurately mea-
suring methane emissions; they can ofien rely on pub-
lished tables to estimate nitrous oxide emissions.

Quantifiers must also calculate emissions of CO,
because a project’s offsets are based on the warming ef-
fect of the methane minus the warming effect of the
CO, into which the methane is converted.! Quantify-
ing emissions from manuze projects therefore entails
several steps:

L. Determining project-specific ratios used for con-
wverting rates of manure inputs to emissions of
methane and nitrous oxide.

2, Making direct measurements at specified inter-

vals to determine the total wet valume or weight
of manure handled in the project.

3, Calculating methane and nitrous oxide emis-
sions as a function of manore input amounts
during each step in the manure-handling system.

4. Summing emissions from all steps and convert-
ing them to COe, for each accounting period.

5. This whole process needs to be repeated when-
ever the digestibility of animal feed, the carban
and nitrogen in the feed, the type of animals,
of the distribution of their ages have changed
enough to warrant it

Determining Project-Specific Ratios
Project-specific ratios include:

~The dry mass of manure, as a lunction of wet
mass or wet volume.

= The nitrogen content of the manure, as a function
of manure mass or volume,

—-Emissions of methane and nitrous axide, as a
fanctbon of manure mass or volume,

= Mass transferred 1o any later manure-handling
process, as a function of inputs to the earlier
PrOCEss,

Quantifiers should measure these factors lor each
step in the manure-handling system that might release
maore than a tiny amount of emissions. For example,
if a project holds digested waste In a bagoan until ap-
phying it 1o fichds in the spring, quantifiers shoald cal-
culate emissions from the digester. lagoon, and Geld
application, as well as from those practices on com-
parison kands. If a project helds manure in a pit before
periodically transferring it to a digester, quantifiers
should count emissions from both the pit and the di-
gester. Projects might also store manure as shurry be-
fore moving it in batches to an anaerobic digester and
then applying the material remaining afier digestion
to fields, Projects might reuse some liquid to flush ani-
mal pens, wse other liquid as fertilizer, and feed solids
into o digester. If manure inputs or handling processes
change significantly, quantifiers will need to develop
new project-specific ratios.
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Dry-Mass Ratio

I measuring project-specific emisskons per unit of ma-
nure imput is ot possible, some carbon offset systems
meay allow quantifiess 1o use ratios observed at other lo-
cations, Emisssons estimates based on ratios from other
locations usually calculate emissions as a function of
the dry mass of manure input. However, manure inputs
at the project site are almost always measured when the
manure is wet, expressed in volume (for example, by
recording the change in depth of a holding tank) or
weight (for example, by weighing the trucks transpart-
ing the manure). In these cases, @ profect-specific ra-
tio muost be measured for the dry mass of manure as a
function of wel mass or wet volume.

Determining the dry-mass ratio requires collect-
ing wet samples that span the range of manure types
that occur in the progect. The weight or volume of the
samples is measured, the samples are dried, and then
the dry mass is measured. The ratio is then abtained
by dividing the latter value by the former (see Appen-
dix 17},

Mitrogen-Content Ratio

Nitrous oxide emissions are typically estimated as
emissions per total mass of nitrogen in the manure,
Thus quantifiers need to measure the nitrogen content
of the manure. This is done using procedures similar
1o those for obMaining dry-mass ratios: collecting sam-
pes, quantifying their weight or volume, drying the
samples, and using standard analytical chemical mea-
surements to determine the nitrogen content.

Emisstons Ratios

Measuring emissinns per unit of mass or volume re-
quires sampling gases cancfully and then using dif-
fusion equations to find emissions as a funclion of
pas concentrations. (uantifiers should measure meth-
ane and nitrous oxide emissions over a period of sev-
eral weeks or months to determine the rate per unit of
wet manure input at each step in the manure-handling
system.

Sampling methane and nitrs oxide emissions

GCreenhouse Gas Emissions from Manure

from open manure-bandling systems is difficalt. Emis-
sions from manure spresd on lands vary greatly, with
a substantial portion of annual emissions occurring
within a day or two after soil becomes saturated with
water. Even when gas production is more constant,
such as from a manure lagoon, changes in temperature
proshuce variations that complicate sampling and cal-
culations, Quantifiers assessing emissions from open
systems should therefore work with technicians expe-
rienced in taking these measurements.

1F a project captures amd meters the volume of gas
from manure, this metering may replace measurements
of manure volame or mass and the factors needed 1o
calculate diffusion rates for the gas, Cruantifiers can
cilculate methane and nitrous oxide production by
maltiplying the metered gas volume by the proportion
that is methane or nitrous oxide, To do this, quantifi-
crs must develop project-specific ratios for concentra-
tions of methane and nitrous oxide in the gas by ak
ing samples 1o a laboratory for analysis. (This assumes
that the average chemical content of the gas remains
cloge to the measured values, If it does not, quantifi-
ers must perform periodic sampling and analysis) To-
tal methane production is the volume of gas produced
times the proportion that is methane times the density
of the methane (the default density of methane is 067
kilograms per cubic meter),

The warming effect of nitrows oxide produced by an:
apaerobic digester should not exceed uncertainty in
the estimates of the warming impact of methane emis-
sions. For this reason, quantifiers usually can rely on
default raties such as those published by the 1PCC in
20040 and listed in Table 8.1.°

If gas production from a digester is metered, quan-
tifiers must measure or estimate methane emissions ax
the proportion of methane that burning does not de-
stroy because of incomplete combustion or fugitive
emissions. An engineer can calculate the completeness.
of combustion as a function of burner design and use.
In the absence of a site-specific measurement or cal-
culation by an enginecr, quantifiers can assume that a
homemade burner combusis 95 percent of the meth-
ane, whereas an engineered burner combusis %7 to 99
percent, The IPCC defoult range for fugitive emissions
from anaerobic digesters is 5 to 13 percent.® If quantifi-
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Table 81 Estimated Rates of Nivrous Oxide Productbon
a5 2 Function of Mass of Nitrogen Input, by Manure-
Management Practice
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Eaurcer Caleulated from 1PCC {2000}

ers cannot measure methane production {or emissions)
from a digester, they can estimate it as a function of the
amount and type of manure inputs and the duration
and temperature of digestion.”

Seasonality can be a concern when developing ra-
tios, as the temperature and the perbod over which ma-
mure is held affect emissions. Quantifiers should take
meéasurements over an entire production cycle 1o find
total annual emissions, For example, they might mea-
sure shurry temperature every month for a year to de-
termine how it varies with air temperature. If quanti-
fiers cannot make measurements over an entire cycle,
they must model variations that may oceur.

Quantifying Manure Inputs

Quantifiers may use any of several methods to find the
mass or volume of manure added 1o the handling sys-
tem, They should choose the method that provides ade-
quate reliability for the least amount of wark, given the
project’s equipment and layout,

For example, if manure is treated in tanks, quan-
tifiers can calculate the volume of manure as a func-
tion of its depth. (They should subtract the residual
amount left in the tank before refilling. using a spread-
sheet program to record the annual tally) Dry manure
and sludge removed from liquid-processing systems
are often transported for spreading or other disposal,
As with tanks, quantifiers can calculate the volume of
transport containers and determine the volume of ma-
nare by observing the depth of each load.

For continuous liquid flow systems, quantifiers need
information on the Bow rate. 17a project is large enough.
developers may be able to justify the cost ol installing a
miter where flows from different sources join together.
Quantifiers may also estimate flows by multiplying the
specified pumping rate by the amount of time pumps.
operate. If they use that approach, they should check
the flow rate by diverting the pumped flow to a large
container of known volume and measuring the length
of time it takes for the pump to fill it This observed
pumping rate can be used to calculate the volume of
material handled.

Quantifiers should measure flow as early in the
treatment process as possible, before fractions are sepa-
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Alternative Methods for Quantifying
Manure Emissions

A small offest project may find the sampling and
analysis required to determine project-specific m-
tios too costly, If measuring manure weight or vol-
ume would be very difficult or expensive, quantifiers
can estimate manure emissions from feed inputs, al-
though that approach is less reliable * Efarts are also
under way to develop models that can provide reli-
able, site-specific estimates of emissbons.

The LLS. Environmental Protection Agency's In-
weertory of LLS. Greenbowse Gas Emissions and Sinks,
1990-19% estimates manure production for dairy
cattle and the most common livestack in each state.
Developers could use this information to quantify
their emissions. However, developers who do not
weigh their animals would have 1o estimate their

weights as a function of livestock type, age class, and
location.

The 1PCC provides a methed for estimating ma-
nure mass as a function of animal numbers, types,
and bocation, with animal type and location serv-
ing as surrogates for information on animal diet and
condition and air temperature (IPCC 1996, 1PCC
2000). The IPCCs revised Guidelines for National
Greenhouse Gas Inventeries: Reference Manual also
includes annual methane emissions for different
types of animals in different parts of the world. How-
ever, many of the IPCC's weight estimates and emis-
w40 ratios are based on expert consensus rather than
surveys, and the arganization does not quantify the
refiability of these numbers. Farmers often claim that
animals’ weight gain is predictable in controlled op-
erations, but they can reduce uncertainty by gather-
Ing more site-specific information.

rated or mass is lost through processing. If a water-
supply hose is dedicated to fushing manure. a fow
meter placed on the hose can record cumulative fow if
checked periodically, such as monthly. However, water
flow may give a pogr estimate of the amount of ma-
natre solids because different workers may use different
armioints of water 1o flush the same amount of manure,
1f quantifiers use this method, they should periodically
check the proportion of dry solids in the slurry, mea-
suring a half-dozen small samples every few monthe
until the degree of variability is clear.

Quantifiers can use ratios observed from nonproj-
et locations to estimate project-specific emissions per
unit of manure input. However, this approach is valid
only if all aspects of manure generation and handling
at those bocations are similar to those of the project,
including the digestibility of the feed, the carbon and
nitrogen content of the feed, and the types and ages of
the animals. Such emissions estimates wsually calcu-
late emissions as a function of dry mass of manure in-
pat, possibly considering other factors. As noted, even
if quantifiers use a published ratio to predict emissions
as & function of manure inpats and handling practices,

they must often convert mezsurements of wet manure
to dry mass, a5 emissions ratios are usually published
in terms of dry-manure mass. In these cases, the proj-
ect plan must include protocols for determining the
project-specific dry-mass ratio.

Quantifiers using projeci-specific ratios of emis-
sbons to manure Inputs can also rely on the [PCC's de-
fault estimates of the amount of manure produced by
each animal to estimate total emissions. 1f quantifi-
ers use more than one method to calculare emissions
and the results substantially agree, their apalysis has
greater credibility.

Calculating Methane and Mitrous

Oxide Emissions

Quantifiers should develop a project-specific rate of
methane emissions per unit of manure input. They
can then measure the amount of manure input during
each accounting period and multiply that by the emis-
sions rate to find the towl emissions for that period. 1#
manire inpul i measured by volume, based on either
flow or changes in the amount in a container, the ratio
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converts this valume 1o mass of GHG emitted from the
manure, If the input is measured in mass. the ratio pre-
dicts the mass of gas emitted.

For example, suppose a project includes 100 dairy
cows. Sampling shows that an open lagoon emits 0145
metric tons of methane per ton of manure dry matter,
Further. suppose that measurements show that each
dairy cow produces 19 metric tons of dry matter® ev.
ery year, for a project total of 190 tans. Thus the open
lageon emits 2755 metric tons of methane that year,
These emisskons have a warming potential of about
579 tons of COe (based on the IPCC's [1995] 100-year
ghobal warming potential for methane of 21),

Cuantifiers can compare these project-specific cal-
culathions to the TPCC's default annual emissions per
animal. by type and region. The IPCCT defaul maxi-
mam embssion for dairy cows in developed countries
15 0608 metrlc tons of methane per metric von of ma-
nure dry matter (see Table A 36 in Appendix 18). This
default maximam rate is abour 11 percent more than
the hypathetical measured rate of {1145 1ons of meth-
ane per ton of dry matter input. 1 the project does not
leave manure in the lagoon as kg as is typical. or if the
lagoon temperature is coaler than average, this modest
difference is logical, and the default rate would support
the conclusion that the measured rate is accurate. If in-
stead the project places manure In the lagoon only dur-
ing fall and winter, and it spreads the manure on fields
in the spring and summer, quantifiers would have to
caleulate the emisshons from each practice and sum
them 1o find the total emissions,

As when calculating methane emissions, quantifi-
ers determine the project-specific rate of nitroos oxide
emissions per unit of manure input. They then mulziply
the measured amount of manure Input by that rate. As
noted, the global warming impact of these emissions is
usually quite small compared with that of methane.

For example, consider again the project with 1 ULS,
dairy cows that stores manute in an open lagoon for
years. Suppose the ratio of nitrous oxide emissions is
0000105 mietric tons per ton of manure dry matter, The
lagoon receives 190 metric tons of manure dry matter
during the year. Therefore, 0.01995 metric tons of ni-
trous ooide are emitted that year, These emissions have
a warming potential of about 6.2 tons of COye (based

on the IPCC's [1995] 100-year global warming poten-
tial for nitrous oxide of 319), This is just aver | percent
of the warming effect of the methane emitted by the
lagoon.

Rather than determining and using a project-specific
ratio, quantifiers can estimate nitrous oxide emissions
based on manure mass, nitrogen content, and manage-
ment practices. University and other laboratories per-
form dry combustion analysis of samples for a mod-
st fee, (See Appendix 1% for specific equations used tos
calculate methane and nitrous oxide emissions from
emissions ratios and mamere inputs.)

Accounting for Carbon Dioxide Emissions

Manure projects emit CO, when the manure decom-
poses and when combustion destroys methane. Quan-
tifiers may count CO), emissions when caloulating both
project and baseline emissions, or they may exclude
those emissions from both. Mot counting GO, emis-
sions from decomposing manure is acoeptable because
the carbon content comes from crops that remove CO,
from the air. In fact, nearly all the carbon in CO, emit.
ted from manure had been absorbed from the atmo-
sphere by plants 1 to 4 years prior. often within the
same year. Given this relatively fast cycling. counting
carbon content in growing crops as sequestration is
unreasanable. If the carbon in crops does not couns as
sequestration, there is no reason to count the rebease of
that carbon as emissions.

When calculating the GHG benefits of a project that
converts methane to COy, quantifiers need not account
for the COy, produced in the conversion. Thus, destroy-
ing about | ton of methane would avoid a warming ef-
fect of 21 tons of CO, (based on the 1995 GWP of meth-
ane af 1.0

Calculating Fugitive and Other Emissions

Quantifers should include fugitive emissions when
cabculating project and baseline emissions. Such emis-
sions occur most often during storage of manure.
when containment vessels are not totally airtight; dur-
ing transfer of manure; and as a result of incomplete
combustin.
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Some types of projects may find that most emissions
are fughive emissions. For example, projects with an-
aerohic digesters that flare methane produced by the

Greenhouse Gas Emissions from Manure

monitoring and verification plan, or they may simply
dezcribe how they will determine the baseline.
Calculations of baseline emissions include three

L%

digester would have no other methane emissions if
combustion were complete and there were no leaks in
the system. However, faring does not completely com-
busst all methane fed into the flare, so all facilities have
fugitive emissions. Handling and storage of waste be-
fore and after digestion may abio produce emissions.
The IPCC gives a default fugitive emissions rate from
digeiters of 5 o 15 percent " However, quantifiers can
use sampling 1o actually measure fugitive emissions.
If they do not use sampling, and if the digester is en-
gineered and inspection shows it to be properly con-
striscted and operated, quantifiers can conservatively
assume that fugitive emissions are 10 percent of the
methame produced. A default estimate for an engi-
neered flare 15 that 98 percent of the methane is com-
busted. A default combustion rate for farm-designed
and farm-bullt flares is 95 percent. Generators typlcally
combust at least 9 percent of the methane input.

A manure project can have a high likefibood of pro-
ducing Indirect GHG emissions. [Fa project uses more
electricily to operate a new asrobic digester, for exam-
phe, quantifiers must account for the emissions from
that increment of electric power. Some digester designs
alio include spraying, which consumes substantial
amounts of energy. However, if a project sells sludge
as fertilizer, that would probably not increase emis-
séons, as the purchaser would probably have acquired
fertilizer fram another source if the project did not sell
it. Such wse would actually decrease emissions if the
shudge had fewer emissions from manefacturing and
use, per unit of nutrient, than the alternative form of
fertilizer. However, the project could probably not take
credit for those reduced emissions because it would mot
own them.

Determining Baseline Emissions

The method required to determine baseline emissions
for manure-handling projects can differ considerably
from that required for other types of projects. Quanti-
fiers may establish bascline emissions of methane and
nitrous oxide on comparison lands when writing the

- Determining the manure-management practices
that probably would have been used in the ab-
sence of the project,

-Determining the rate of emissions from each
practice,

-Multiplying the rates by the amount of manure

generated by the project.

Quantifiers can use EFA data 1o cabculate average
emissions for the dry wesght of manure, weighted by
the prevalence of each management practice in the rele-
vant state. They can multiply this rate by the project’s
manure production to calculate baseline emissions for
each accounting period. If local dma are not available,
quantifiers can use IPCC default factors to estimate
emissions rates for each practice

Rates of methane production from lagoons (a5 a
proportion of carbon input) vary widely, depending on
how long the manure stays in the lagoon and the tem-
perature of the material. Quantifiers should choose &
conservative rate that is appropriste 1o the project to
allow for uncertainty.

Changes in manure-handling practices on lands
similar to the project should serve as the baseline.
These shifis might include changes in the age or feed of
the animal population, as well as changes in mansire-
handling equipment. Quantifiers can consult informa-
tion from the EPA to determine the rates of use of dif-
ferent manure-management Praclices on COMPArisom
lands. Rather than conducting detailed on-site mea-
surements of emissions from these comparison facili-
ties, quantifiers can rely on mean estimates from agen-
cies suich as the ERAY

To determine a hypothetical baseline, consider an.
anaerobic digester project with a constant rate of ma-
nure ingut. Before the project, the land managers in the
reglon stered manure in open lagoons, which emitted
A0 tons of methane per year In the tenth year of the
project, ) percent of comparison facilities formerly us-
ing open lageons had switched to digesters, 10 percent.
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Table 8.2 Weighted Average of Baseline Emissions in Year 10 of a Hypothetical Project,
Compared with Project Emissions
i e e
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had switched to daily spreading, 40 percent had cov-
ered the open lapoons and flared the methane, and 40
percent were still using the open lagoons,

Assume that all the facilities are the same size and
process the same volame of manure. Assume also that
the digester emits 5 tons of methane annually, daily
spreading emits 1 ton, and the system for covering
and flaring emits 10 tons. The quantifier would find
the welghted average by multiplying, for cach possible
outcome, the probability of that cutcome by the emis-
sions for that outcome and then summing. This pro-
duces a baseline emission of 156 tons of methane {see
Table 8.2), Conversely, if all other facilities using open
lagoons continued 1o use them, the baseline emission
would remain constant at 40 tons of methane per year.
In this case, the net emissions reduction for a proj-
ect that only used digesters would be 40 - 5 = 35 tons
annually,

‘The baseline of manure projects is often misunder-
stood. Suppose a project switches from an open pit sys-
temn to a digester and flares the methane produced by
the digester, while none of the animal operations in the
region change their manure-handling systems. Further
suppose that the pit system produces 5 tons of meth-
ane per month, and emits all the methane to the at-
masphere. The digester, with the same manure input,
produces W tons of methane per month and burns 9
of those tons. The system leaks the remaining ton as

fugitive emissions or with exhanst because of incam-
plete combustion. A « error is o that
the 10 tons of emissions from the digester are the base-
lime and that the project benefil 1s the 9 10ns per month
that are burned. However, the baseline is the emlssions
from the pir system, or 5 tons per month. The emis-
sions bemefit is the baseline methane emissions (5 tons)
minus the project methane emissions (1 ton), yielding a
neet bemefin of 4 tons of methane per month.

Because baselines for manure projects often change
over time, quantifiers need to establish them for each
accounting period, If a project extablishes baseline
emissions before it starts, the monitoring plan should
specify condithons under which quantifiers must re-
cabculate them to accoumt for unexpected changes,
and should ensure that data are available to support
recaleulation.

Quantifying Leakage and the Bottom Line

Manure-management projects usually do not cause
leakage, as they do not reduce the amount of animall
products produced from project lands, However, praj-
ects that increase the export of manure could displace
emissions 1o lands outside the project boundary. [E
projects increase the amount of manure a farm ex-
ports, quantifiers should accoant for emissions from:
those additional exports.
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If projects spread shedge on fields cutside the proj-
ect boundary, quantifiers must also estimate emissions

from the sludge that is spread and count them as leak-
age. Unbess the shedge is saturated, methane emissions
should be negligible, but nitrous oxide emissions could
be significant. The defsult assumption is that 2 percent
of the nitrogen in sludge is converted 1o nitrous oxide
and emitted M Quantifiers can use molecular weights
1o determine that 1 ton of nitrogen converted to ni-
trous axide generates 44/28 = about 1.57 tons of nitrous
oxbde.

Ifa project acquires manure by reducing the amount
applied to nonproject Lands, and if the amount of car-
bon in soil an those nonproject lands falls as a result,
the project should account for that loss. However, off-
site sequestration may not fall if the imported manure
was formerly stored in & lagoon, composted, burned,
or landfilled. Off-site sequestration may also remain
steady if the amount formerly applied to lands greatly
excesded the amount that plants and microbes could

process.

Creenhouse Gas Emissions from Manure

To calculate offiets, quantifiers subtract on-site
emisslons—including  fugitive emissions and any
downsiream emisskons, such as nitrous oxide from ni-
trogen in discharged effluent—from the haseline, ad-
justing this amount for any leakage.

Projects based on changing manare-handling sys-
tems to reduce the emissions of methane are relatively
strafghtforward. Besides lowering GHG emissions,
many of these projects allow landowners to reduce air
and water pollution that can stem from decompos-
ing manure. Moreover, the use of captured methane
to power an electric generator or similar device offers
additional epportunities for the landowner to reduce
dependence on fossil fuels and reduce costs. Projects
based a1 facilities that generate large amounts of ma-
nure, such as confined-animal feeding operations, can
prove especially lucrative as well as environmentally
beneficial.



258

Chapter 8

Step 6: Quantifying and
Minimizing Methane and Nitrous
Oxide Emissions from Soil

Soils and decaying organic material {incheding litter-
fall in forests, mulch used on croplands, and manure
stored in lagoons) can emit both methane and nitrous
oxbde, Because the GWP of these two trace gases are
high—23 and 296, respectively—these emissions in-
crease potential complications as well as opportunitics
for lendowners and developers of offset projects. Some
activities that aim 1o sequester carbon In soll can lead
1o inadvertent emissions of methane and nitrous oxide,
reducing the amount of offsets a project creates (see Ap-
pendix 21 On the other hand, landowners and project
developers can adopt practices that reduce these emis-
sions and thus increase the amount of offsets credited
to their project,

Many factors affect methane and nitrous oxide
emissions from soil (see Appendix 191, and the im-
pact of those factors can vary widely from one point 1o
another a couple of centimeters away. Eforts to mea-
sure changes in such emissions from fields and more
extensivie lands are therefore difficult and costly (see
the sidebar). Reliably measuring annual emissions of
these gases from even one ficld can cost $50,000 10
$150,000—Far more than the value of the offsets most
projects can generate. Fortunately, two approaches that
do not require field measurements are availzble for es-
timating changes in methane and nitrous oxide emis-
sions from woil.

Using Simple Equations to Estimate Emissions

One approach 1o estimating methane and nitrous oxide
emissions relies on the denitrification-decompasition
process model, or DNDC (LI, Frolking, and Frolking
1992; Li, Narayanan, and Harriss 1996; Li, Aber, Stange,
Butterbach-Bahl, and Papen 2000; and Li 2001} The
GHG Wizard version of DNDC uses data provided with
the model on the weather, soil types, and crop types/
acreage of each county In the United States, as well as
user-specified data on fertilization, tillage, and other
management practices for each crop rotation and year.
The model uses this information to estimate chamges
in soll carbon, changes in methane and nitrous ox-
ide emisshons, and the global warming equivalents of
these emissions, {See hitp:iwww.dndesrunhedu/ for
e meodel, instructions on its use, and detailed discus-
sioms of its applications.) However, this model requires
a great deal of site-specific information—perhaps more
than a project with diverse ficlds can easily provide—as
well as expert judgment. Moreover, the practices and
Iinputs specified by the model may differ from those of
the project.

The second approach is 1o use simphe equations b
estimate emissions based on a few factors that are rela-
tively casy 1o measure, such as the amount of carbon in
soil, the amount of nitrogen land managers apply, and
the demand for nitrogen by crops. Tables 9.0 and 9.2
provide examples of such equations, which are based
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Measuring Methane and Nitrous Oxide
Emissions in the Field

Field measurements provide direct observations of
the rates, or fluxes. of GHG emissions from salls. Two
general approaches are available to measure such
fluxes: chamber sampling and open-air gas sampling.

Chamber sampling systems are open-bottomed
contaimers that are sealed to the soll and closed for a
limited periad, with the rate of change in the concen-
tration of gas in the chambers measured over time.
The chambers must be of a known volume and cover
s known area of soil so quantifiers can calculate the
amount of gas emitted from the soil per unit of area
and tirme,

Open-air gas-sampling systems take gas samples
from points above the ground and use comphex dif-
fusion equations to caloulate the emissions rates that
would have caused the observed concentrations of
gas. Open-air sampling can be used to estimate emis-
sions over large areas, but It can be confounded by
weather and other uncontrollable factors. Chamber
syslems, in contrast, are not unduly influenced by
uncontroliable factors, but they sample only a single
patch of land at a time. Because methane and nitroas
oxide emissions can vary greatly from one locale to
anather, this can be a major drawback and usually
dictates the use of many chambers to sample an en-
tire project area,

Chamber systems have been widely used 1o take
field measurements of methane and nitrous oxide
emissions rates at lncal scales, from about 0] square
mefters o several square meters. Chambers are easy
1o make and cost litthe, but they are usually labor in-
tensive 1o operate, Measurements must be extremely
accurate because the changes in gas concentrations
are very small. Moreover, if the gas concentration in
the chamber increases much above the ambient level,
diffusion of gas from the soll will slow.

Chambers are usually closed for periods lasting
from a few minutes to an howr or two. The chambers
are left open between sampling times to limit their
impact on soll temperature, humidity, and plant
growth. Each chamber is usually sampled four or

maore times per day during times of high emissions,
such as after a major rainfall. Sampling may be infre-
quent during periads of low emissions, sech as in the
middle of a dry season or when the ground is frozen.

High-frequency sampling using automated cham-
bers pravides the bess data for quantifying seasonal
and anmual emisshons rates, Such chambers can col-
lect samples every few howrs and hold them, allowing
crews to transport the stored samples to a laboratory
for apalysis every few days, limiting kabor costs, Au-
tomated chambers are especially valuable for mea-
suring nitrous oxbde because most such emissions
occur during a few pulses each year lasting cne 1o
five days, and sampling weekly or less frequently can
miss those pulses. However, automated chamber sys-
tems can cost as much as $125,000,

Several technologies are available for quantifying
the concentrations of methane and nitrous oxide in
gas samples. These include gas chromatography with
ehectron captare detection, photoscoustic infrared
spectrometry, thermal conductivity detection, and
tunable diode laser spectroscopy. Methane |s often
measured wsing gas chromatography with a flame-
lonization detector, However, such analyzers cost
tens of thousands of dollars and require trained tech-
nicians to operate. Still, these technologies are im-
praving, and easier-to-use technologhes may emerge.
As an alternative, many university and commercial
laboratories will analyze gas samples for a few dollars
cach. TRAGNET, a group of arganizations that mea-
sure emissions rates of trace gases from so:l, provides
Information to qualified users (see httpyfwww.nrel.
colostate edulprojecteltragnet/),

Open-air gas-sampling technigues average emis-
Sbons across areas up 1o tens of kilometers, depending
on alr turbulence and the helght at which samples are
taken. Converting obgerved concentrations of gas to
emissions requines calculating diffusion rates, which
depend on the texture of the ground surface, turbu-
lence, temperature differences between the ground
and atmosphere and within the atmosphere, and
ather factors. See Galle et al. {2000) for a review of
the various technigues that can be used to calculate
emissions rates from open-air sampling.
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Tatle 3.1 Equations Derived from Results of DNDC Simulations to Estimate
Methane Emissions from Rice Paddy Soils in the United States
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on results from the DNDC model that are fitted to dif-
ferent inputs.

Cuantifiers can wse the equations in Table 9. 10 ¢s-
timate changes tn methane emissions from rice paddics
resulting from changes in

=The duration of floeding and drainage during
the growing season.

~The amount of time between manure application
and flooding

=The amount of carbon added to the soil as
MARLIE.

=The carbon content of the soil.

=The acidity (pH) of the soil.

Cruantifiers can use the equations in Table 9.2 ta
estimate changes in mitrous oxide emissions resulting
from changes in

~The application rate of the nitrogen fertilizer.

=The application rate of carbon in the manure.

~The amount of organkc carbon in the topsoil,

=The crop demand for nitrogen.

=The water input from precipitation and
irrigation.

~The average annual air temperature,

=The clay content of the soil,

~The scidity (pH) of the soil.

~The land use (cropland. rice paddy, or grassland).
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Table 9.2 Equations Derived from Results of DNDC Simulations to Estimate
Nitrous Oxide Emissions from Sodls in the United States
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Ky rate coefficients |

| C: B0C comtent in tap sail, kg Clkg sodl
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| ¢ mamure applacation rate, kg Crha
| T:mean annaal air temperature, *C
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way that L 18 wsed to denote the sum of a series. Thas, X=X x X n X m X,

ratt

fﬂm&:ﬁ:‘::m: Matins to the soil, but also cut nitrous oxide emistions and en-

able the soil 1o absork more methane. Reductions in ir-
While some project activities can lead 0 inadver-  rigation may further reduce methane and nitrous oxide
tent emissions, project managers can also adopt land-  emissions from the soil (see Tables 9.3 and 9.4). Just as
management practices that redice emissions of meth-  quantifiers must 1ake emissions increases in account.
ane and nitrous oxide. For example, converting de-  they can take credit for these emission reductions
graded agricaltural systems to perennial grasslands or  when determining the net amount of offsets a project
forests can not only add substantial amounts of carbon produces.
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Tabsde 9.3 Options for Mitigating Methane Emissions from Soil

Target facior
m»:l:ungt ] Mitagatian aption Feasibaliry
Oridizing [ Agtioe; Decrease mumber and durstion of floodings of rice ficd sails, -
capacity of | Effect: Periodically clevate soil pedox potential.
sail Mmmm.mkmgnm.muwmmlmNﬁﬂmmL_|-
Actior: Apply oxidamts feg. nitrate, Ma ', Fe®, subfate] to wetland soils, ! *
Effect: Elevate soil redox potential tempaorarily.
Besult: Reduce CH, emisssons,
| Actiom: Increase sol aevazion by converting wetland to upland. —T *
Effect: Elevate soil redax potential permanently, |
Reanlt; Reduce CH, emibssions., increase M O embsslons, aften redoce carban sequestration. |

Action: Loosen compacted soils in grazed pastures,
| Effect; Elevate soll seration during rainfall events.
Feuslr: Reduce CH, emissions., increase CO, emissiona,

e, | it Ricn CH, o1 2 EPmoN:

Drissolved | A.n'ﬁcul:lnd.lrewumlrmluﬂthuzrumw\e}mummuﬂlndmh.

nra;lul..;
earhon |. Requlr; Reduce CH, emissbon, reduce carbon sequestration,
(D)

i Astiosti Incod porsie organic matter in low-qualivy in wetland soils,

| Effect: Decrease DOC by reducing decompasition rates,
| Result: Reduce CH, emissions, but may reduce sail fertility.

Actiom: Develap new rice cultivars with Jow ool mass or exudation rates.
Effect: Decrease rood-produced DOC.
Resulh Reduce CH, production,

| Aetivn: Redsoe plant biomass in natural wetlands.
Effect; Decrease root-induced DOC.
Rezult: Reduce CH, production.

|

|

I

Effect: Decrease DOC with bow decompaosition rates, 1
|

|

I

Actiom: Apply CTC SETAW O manure n pice p-ddm hefore Irl.|1.||i.lu||n‘ or afer harvest.
Effect: Decrease availability of strew- decompoition-indoced DOC to methanogens,
Reault; Reduce CH, production,

Gas Actiom: Replace vascular plants with nomvascular plants in natural wetland.

transport ﬁﬁthﬂlmmkpﬂhminrpnnnwl.
Resuit: Reduce CH, emissians.

Action: Replace rice broeds with cultivars that have barriers 1o gas transpont in stems and
oo,

Effect: Reduce paihway for gas transporn.

Result: Reduce CH, emissions,

Nates: * Substantial negative environmental effects in most locmions; often loo expensive
= Negative environmental effects in some situations; often too expensive.

*** Typically no negative envirornmental effects; Bnancially feasible.

Boe l!.W#.-mdl'l: 19 for information on thru.id.'l:lu’_r*uh'p of ol
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Table 9.4 Options for Mitigating Nitrous Oxide Emissions from Soil

Mitigation option

Actiom: Lodsen compacied saiks in grazed pastures.
Effect: Elevase soil redox potential during rainfall or irrigation events.
Besult: Reduce denitrification-induced N,0, but affect C sequestration.

r Astiom: Change soil vexiune by adding sand or sil o clay,
| Effect: Alter soil acration status.
Result: Reduce dendtrification-induced 3,0, but could affect C sequestration.

Feanibilivy

Actiom Convert cultivated organic soils imo wetland conditions,

Effect: Build up deeply anzerobic conditions.

| Result: Eliminate bath mitrification- and denitrification-induced N,01, bus could
| increase CH, emissians,

| Action: Reduce requency of hooding and drainage cycles in wetland sails,

| Effect: Reduce soil decomposition and nitrification, but enhance denftrification.
| Resule: Eliminate both nitrification- and denitrification-induced 3,0, but could
Increase CH, emnisshons.

(DOC)

Diissobved
organic carbon

Action: Reduce organic matter (litter or mamure] incorporalion in sails,
Effect: Decrease DOC with bow dﬂ:n‘rupodtlnﬂ rabes.
Resule; Reduce bath altrifcation- and deattrification-induced N0, but affect

carbon seqaestration. |

Actiom: Decresse quality of organic maner Inputs,

Effect: Decrease DOC by reducing decomposition rates.

Result: Reduce both nlinification- snd denitrification-induced N0, and malnizin
carbon sequestration.

Actior: Convert the upland with arganic sotls inpo wetkand,

Effect: Decrease DOC by depressing decomposition.

Result Redace both nigrification- and denitrification-induced Np.ruqrcdm
C0, emizsioms from koss of soll ergandc carbon, but may increase CH,
TR,

Nisrogen

Actlon: Optimize nitzogen fertiliner applicacion rates based on soll fertiliny and
ceop demand,

Effect: Redisce nitrogen availability to mitrifters and denitrifiers.

Resuft; Reduce nitrification- and denitrification-induced Wy increase fertilizer
efficiency, maintain optimum yeld.

Action: Apply nitrification inhibitars.
Ejfect: aduce nitrate avallability 1o denitrifiers.
Reault: Reduce nitrification- and denltrification-induced N,

Actiom Precisely schedule the iming of fortiliver applications,

Effect: Increse fertilizer efficiency, redece nitmgen availability for nitrifiers and
denitrifiers.

Result: Redece nitrification- and denitrification-indaced WO

| Action: Rolabe crops o reduce excess nitrogen in soils.
Effect: Ingrease fertilizer use efficiency. reduce nivnogen availability for natrifiers
and denitrifiers.

Result: Reduce nitrification: and denltrificstion-imdaced N0,
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Table 9.4 Optlons for Mitigating Nitrous Oxide Emissions from Seil (continued)

| change ! Mitigation option

! Actiore: Uve coatrol-release fertilizers.

| Effect: Encrease fertilizer use efficiency, reduce nitrogen availability for nitrifiers
ansd deniirifers

| Result: Reduce nitrification- and denitrification-induced N,O.

e e e e e —

| Actiorn: Convert upland with organic soals o wetland.

| Effest: Depress nitrificasion and accekerate denarification.

| Resulr: Reduce both nitrification- and denitrification-induced N0, but increase
! CH, emizsion.
I

| Awrion Canvert ietensive 10 educed rillage.

| Effect: Reduce niteogen availability by decreasing mineralization rates,

| Result: Reduce near-term nitribcation- and denitrification-induced N,0, bus may
increase bang-teren N, 0 emissions dis to clevated sail organic carbon.

e

i Action. Composi crganic materials before applying o sail.
Effect; Reduce mineralization and consume free mitrogen in sodl.
| Besult; Reduce both nizrification- and denitrification-induced N0
| Mote: Use bic digesters to pretreat or crop residue to elimimate lahile
Ritrogen.

Action: Plant winler cover crops or use malch in winter.
| Effect: Moderate surface soll temperature.
| Reesate: Reduce freeringfthawing-induced ;0.

Temperature |

[ Action: Convert cropland or grassland o selecied consfer tree spedics,
| Effect: Reduce soll pH to 5.0 or lower.
| Rr.urh:hdumbﬂhnhﬁ&ubu-lbdimi‘uiﬁwihrhindncndN!D.

Notsi: * Subutantial negative enviranmental effects in mast locations; often 100 expensive,
** Megative environmental effects in some situations: aften oo expensive.

*** Typically no negative emvirommental effects; Rnancially feasible.

See Appendix 19 for information on the oxidizing capacity of soil.

Although methane and nitrous oxide are often not
considered in the context of global warming and (he
“low-carbon”™ economy, they ane potent GHGs. These
embssions from soil provide landowners and project
developers with both a challenge and an opportunity.
Some project activities, such as no-till farming. can

increase emissions of these gases and reduce an offses
project’s bottom line, However, other practices can re-
duce these emissions and increase the bottom line, In
either case, quantifiers must account for and estimate
changes in methane and nitrous oxide emissions when
assessing a project’s net greenhouse impact.
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Leakage refers to changes in GHG emissions or carbon
stocks that ocour outside a project’s boundary but that
nevertheless can be attributed to the project’s activi-
ties. Projects whose emissions are directly capped by a
regulatory system do not need to account for leakage.!
However, projects designed to produce marketable off-
setd must subiract these emisstons from their net GHG
benefit,

Leakage vsually occurs when a project reduces the
supply of a good, displacing production—and thus
GHG emissions—to another location.” Two types of
projects might displace production. The first type re-
duces production to reduce GHG emissions. Examples
include ending logging to avoid C0y, emissions from
harvested timber and ending rice cultivation 1o stop
methane emissions from Aooded rice paddies. The sec-
and type oceurs when a project sstablishes a new land
use, displacing some preexisting use. An example is a
forestation project on formery agricubtural land. In
both types of projects, reductions in the supply of for-
et or agricubtural products can boost production else-
where, reducing the overall benefit of the projects.™ *
This chapter outlines the methods projects can use to
quantify these types of leakage. (See Appendices 20-23
for more Information.)

Leakage as a Function of Supply and Demand

Although project developers may not know exactly
where beakage occurs, they can calcalate it by consider-

Chapter 10

Step 7: Estimating Leakage
or Off-Site Emissions Caused
by a Project

ing the relative sensitivities of the quantities of goods
suppiied 1o o market—and the quantities of goods de-
manded by buyers—when the price of those goods
changes. In the language of economiss, this involves
determining to what extent supply and demand are
elastic or inelastic,

For nearly every terrestrial offset project, leakage re-
sults fram a change in the supply off a product or good,
not from a change in demand.* This change can be a
decrease in supply, such as when a forest-conservation
project remaoves land from the timber base, or an in-
crease in supply, such as when an afforestation project
includes a harvest that increases the amount of timber
on the market.

When a project redoces emissions by reducing the
supply of a good, other suppliers may comp fora
partion of the last production and hence replace a por-
tion of the reduced emissions. The proportion of the
cut that others compensate for depends on the relative
sensitivity of suppliers and consumers 1o changes in
the price of the good. The rate of change in the amount
of the good supplied as a function of a change in price
is called the price elasticity of supply. The rate of change
in the amount of the good demanded by consumers as
a function of a change in price s called the price elastic-
ity af dermand.

Formally, the price elasticity of supply is the frac-
tional change in supply for a given fractional change in
price:
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Equatien 10,1

where ¢ is the price elasticity of supply, Qy is the quan-
tity of the product supplied before the price change,
A0), s the change in the quantity of the product sup-
plied induced by a price change, P is the price of the
product received by suppliers before the price change,
and AP is the change in the price that suppliers receive
for the product. A0, and AP are the fractional
changes in supply and price, respectively. Generally,
supply increases as price increases, Thus the price elas-
ticity of supply is usually a positive number,
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Similarly, the price elasticity of demand is the irac-
tional change in demand for a given fractional change
in price:

[-&_qq]

E= Q Equaticn 10,1

[Mj auaten 8
P

where E is the price elasticity of demand, gy, is the
quantity of the product demanded before the price
change, AQY, is the change in the quantity of the prod-
uct demanded induced by a price change, P is the price
of the product paid by buyers before the price change,
and AP is a change in the price buyers pay for the prod-
uct. Demand for a product uswally falls as the price

e (DLt o carvest]

Figure 10,1 Price elasticity of supply is determined h"
plotting supply on the x-axis and price on the p-axis,
The price clasticity of supply, ¢, is then the inverse of the
slope of the line. The line "unitary elastic supply” shown
here represents an elasticiry of 1.0, That is, a 1% increase
in price spurs a 1% increase in the amount of product
supplied o the market, By convention, that is the dividing
lie between imelastic and clastic supply. The horizental
line represents a perfectly dastic supply (e = =), That iz,
any price shift induces an infinitely Lange change in the
supply. The vertical line represents a “perfectly inelastic”
supply fe = 0). That is, a shift in price does aod indace amy
change in supply.

uani ey dermanded Ibﬂm-dwmrﬂ

Figure 10.2 Price elasticity of demand is determined

by plotting demand along the x-axis and price on the
y-anii. The price elasticity of demand, E, is the inverse of
the sope of the lire. As in Figure 40, the lincs represent
unitary elastic demand, perfectly ebastic demand (E = =),
and perfectly inelastic demand (E = ),
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rises. Thus the price elasticity of demand is usually a
negative number,

A praphical representation illustrates the derivation
and significance of the price elasticities of supply and
demand (Figures 1k and 10.2), Note that, in each case,
the inverse of the slope of the line plotted in the graph
equals the price elasticity (the inverse of the slope is
Axidy, where x represents the horizontal axis and y
represents the veribcal axis).

Economists classify supply and demand as elastic or
inelastic depending on the values of ¢ (for supply) and
E {for demand], As noted in Figure 10,1, values of e be-
tween O and 1 are said to be inelastic, and values of ¢
greater than 1 are said 1o be etastic. If theee s no change
in supply when a price changes, ¢ = 0, and the supply is
perfectly inelastic, If there is only one price for a good
regardbess of the supply, ¢ = =, and the supply is per-
fectly elastic,

Similarly, as Figare 16,2 shows, values of E between
O and -1 are classified as inelastic, and values of E
lower than -1 are ¢lassified as elastic® When there is
no change kn demand when a price changes, E = 0, and
demand is perfectly inelastic. When there is only one
price for a good regardless of the demand, E = =, and
demand is perfectly elastic.

Calculating Leakage from Decreased Production
Using Supply and Demand Elasticities

For projects that decrease production of some good,
Murray, McCarl, and Lee (2004) calculate leakage as”
F ]
t_lntfx{nwm' Equation 10.3
where L is the praportion of the project’s GHG benefit
that is lost to leakage®, ¢ is the price elasticity of supply
for the good provided by off-project producers, E is the
price elasticity of demand for the final commoditg
i3 the amount of GHG emissbons per unit of increased
commodity production outside the project area, €,
is the amount of GHG emissions eliminated per unit
of reduced commodity production within the project
area, and @ s the ratio of the market share of the proj-
ect to the share of the rest of the market’s producers,
Because the last parameter quantifies the effect of

Estimating Leakage or Off-Site Emissions

the project an the market, it affects the amvount of beak-
age. For most projects, market share (¢ ) is quite small
and can be dropped from Equation 103, For cxam-
ple, if # = 0.1 (a relatively large number) dropping the
term changes the leakage estimate by less than 2 per-
cent, which is probably less than the error in elasticity
estimates.

However, if the project supplies more than a small
fraction of tatal market supply, it could have 2 discern-
able impact on the market’s dynamics, and it should be
retained in Equation 103, In that case, market share is
calculated as

¢= Qg Equation 10,4
where Qg . i the supply from the project area before
the project began, and 0, is the sapply from nonprog-
ect lands (that is, total market production minus the
amoumt provided from the project area).

Example: Reduced Timber Harvesting in the
Pacific Northwest

Taillustrate the use of Murray's formuls, consider the
impact on carbon sequestration of reducing timber
harvest on federal lands in the ULS. Pacific Northwest
to protect the spotted owl, These cuts began in the 19808
but occurred mostly in the early 1990, Building on the
work of Wear and Murray (2004), Murray et al. found o
weighted-average US. supply elasticity of ¢ = 0.46, a de-
mand elasticity of E = <0.06, and a propartion of tim-
ber ellminated from the ULS, market by restrictions on
logging on federal lands of ¢ = 0045 Wear and Mur-
ray did not analyze GHG emisstons per unit of harvest,
and Murray et al. simply assumed that €, = C___

Inspection of Equation 10.3 reveals that under this
assumption, both ©_ and Lo drop from the equa-
tion (because € /C,; = 1) Substituting into Equa-
tion L3,

(a6 x1) 046
= =——={L88
(046~ -0u06= (1 40.6-!5}}})-:! 05227

This means that for every ton of emissions avoided
by reducing timber harvest on federal lands, 088 vons
of emissions occurred from increases in harvesting
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elsewhere. (The numbers used in this caleulation are
rounded; Muarray et al. calcelated leakage of 0.87)
Thus, if the reduced lumber harvesting program in the
Pacific Morthwest had been filed as o GHG offset proj-
ect, the progect could have claimed only 12 percent of its
net greenhouse benefit a5 offsets (the benefit calculated
after accounting for proportional sdditionality and the
baseline). In other words, substituting into Equation
1%

Ofset = Net GHG Benefit « (1-0.88) =

Net GHG Benefit < 0012 Equation 105

The relatively large amount of leakage in this exam-
ple is due largely to the inelasticity of demand (£ is anly
~0.06), This inelasticity most likely reflects the fact that
even significant changes in log prices have only a mod-
erate effect on consumer spending on goods produced
from wood because of the need for housing material

and paper.

Rules of Thumb for Leakage

The above example—in which the supply elasticity was
larger than the magnitude of the demand elasticity®
and leakage was large—is indicative of a rule of thumb.
If emissions per unit harvested are the same on and off
a project. leakage will vary proportionally with the dif-
ference in the price clasticities of supply and demand.
When supply is more elastic than demand, leakage will
be greater than 50 percent; when the opposite applies,
leakage will be less than 50 percent (see Table 10.0). In
this regard, Tables 10.2 and 0.3 suggest that supply
eclasticities are often greater than the magnitude of de-

Tabde 10.1 Leakage as a Function of the Relative
Elasticities of Supply and Demand

s | o,
Supply less elastic than demand Lets than 0.5
Swplr:d-dzmmd equally elamic | 53
ooy mor b dernd | Vore 03 |

Noge: Leakage is expressed a5 o fraction of a project's averall
GHG benefit.

mand elasticities for terrestrial offset projects, and thus
leakage is often greater than 50 percent for them. This
shows how critical it is for such projects to account for
leakage.

Another rule of thumb, revealed by Equation 10.3, ks

how leakage is affected by relative changes in Cored and

C g Leakage will decrease as emissions per unit of pro-
duction within the project rise relative to emissions per
unit of production in locations where displacement in-
creased production, [n other words, efficiency by land-
owners and project developers can decrease leakage
and enhance the amoum of offsets a project produces.

Market share can also influence leakage, Smaller
projects usually have higher leakage rates than larger
projects. That s because a change in supply from a
small project has an Insignificant effect on price, and!
thus it does not change consumption (2 small increase
in supply can meet existing demand). On the other
hand, large projects that remove a large fraction of ex-
isting supply have limited leakage because the lack of
finite resources such as land limits Increases in produc-
tion elsewhere,

Building on this general framework for caloulating
leakage, the next sectlon outlines methods for caloy-
lating the elasticity and productivity values needed to
calculate leakage with Equation W3, (See Appendix 22
fior spectal issues (n assessing leakage in afforestation

projects.)

Obtaining Elasticity Numbers

Apalysts can obtain supply and demand clasticities
from the literatare or caloulate them. A variety of elas-
ticities have been published for forest products and ag-
ricultural commaodities (see Tables 10.2, 103, and 10.4).
When using an elasticity value from the literature, ana-
lysts must ensure that it applies to the product in ques-
tion. This means that the elastbcity must

- Be for the exact product in question or a group of
products that includes the product.

- Encomvpass the geographic area where the project
is locabed.

- Be measured over a time period that ks as close to
the project time period as possible.
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Table 10,2 Selected Price Elasticities of Supply of US.
Forest Products
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Table 103 Selected US. Price Elasticities of Demand

—

Sowrce: Adams and Haynes [1996),

i L = == | Price elasticity |
Price elasticiry | m Product of demand
Productinegion of Morth America of supply :hﬁww-dllvrlnp 034 1 <044 E
Softwood lumber/ Pacific 03 |
| Hardwood siw logs b -0 e -0.22 |
Sodiwood lumber/ Pacific 0586 s 1 H
Morthwest, east side | Cotton, domestic demand | 022 |
Softwood lembers Pacific Southwest 0794 | Comen, export demand | -1.20 |
Softwood himber/Northern Rockies 0865 . Corn, domestic demand I =023 |
Sefiwood lumsberSouthern Rockies 0595 | Corn, export demand =33
it ] =
Softwood lumber/Morth Central DB4E | | Wheat. domestic demand | -7
Sofiwood lumberNostheast o8 || Whentcapom demand | o
eyt i M Neie vic e _— e
Sofrwood lumberSouth Central s | | Sorghum. domestic demar | -0.20
Softwood lumber/Southeass nasl ' Sorghum. expon demand | 0,80
Soffwond lumber/Bitish Columbia 0835 | | Wool, domestic densand | aw
i || Wool.export demand 1| 080
;ﬂwﬁmﬁwm imtenior D47 : | Saybeans, export demand | -0A2
-.Su!_m hignberCanadian castern BA4%2 | Sowrces: Elasticities lor forest products are from MeCarl nd.
provinges | and elasticities for agriceltwral products from McCarl et al.
P o 1 (1993, beah cived in Adama eo sl (2005],
vensond plysood Pacific 748 l
F ke "'; odlPectie | odie ‘: Table 10.4 Sebected L5, Price Elasticities of Supply
Softwood plywood 7 i B S
[Hothwesoxiie:. 1V ] | Product Price elasticity of supgly
Sofrwond plywood Pacific 14208 | T ST e |
| Corn (]
hwen | 1§ J
i P ! 1 Saybean 0.2
Softwood plywood Nerthern LA00 [
Rockies || Wheat [+
Saftwood plywoodSouth Central 0385 :' 1 Oas 4
Softwond plywoodiSausheast 0343 | | Cotton 04
Oriented sreand baards United o512 ; | Timber 046
States. | S e T
{ Bouree: Adams e al (2005
-(_Wurlnﬁhlnlﬂndl 2 ___-_EA_”_-_.J
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Because many agricultural commodities are mar-
keted globally, it is important 1o specify global reghons
or nations that serve as markets for products from o
project area. Detatled studies of market demand are
available for many agricultural products in many na-
tions (Seale 2003).

In the absence of existing estimates of price elastici-
ties for project commodities, analysts can rely on esti-
mates for groups of products that are similar o proj-
ect commeasdities, However, they should pay particular
attention to the characteristics of the product group.
Because proxy estimates may be unreliable, analysts
shoald use this approach only during scoping, not in
finalizing o leakage analysis for a project.

Another approach is to calculate elasticities specif
ically for project products using established methods
and data. Reliable estimates require analysis of multiple
data points. Analysts can use a standard spreadsheet
program to perform a simple linear regression of price
against quantity and other important variables with
multiple data points, More sophisticated regresiions
make it possible to assess the influence of other factors,
such as changes in wealth or population, on supply and
demand. Use of these other factors increases the reli-
ahility of the elasticity estimates. (See Appendix 23.%)

Caveats and Special Considerations
When Using Elasticities

Analysts should use caution when extrapolating supply
and demand clasticities over large changes in prices or
over long time periods, This section discusses the rea-
sons why they should do o and describes the particu-
lar circumstances where landowners, project develop-
ers, and analysts need to pay exira attention.

With large decreases in price, one good may become
a substitute for anather good, and demand may become
increasingly elastic. Demand may also become satu-
rated and thus inelastic with further price decreases,
With large increases in price, other goods may became
substitures, and demand for the good may become very
elastic, For many goods, demand may becomse inelastic
at high prices because the remaining buyers are strongly
dependent on the goods or are sufficiently wealthy that
the price does not matter. However, eventually, at some

very high price, limits 10 wealth will reduce purchases,
and demand will become more elastic.

Similarly, the elasticity of supply often varies over
large price ranges. Very high prices may draw produc-
ton resources from other goods, and elasticity may
increase. High prices may indicate some natural limit
on the extraction of a natural resource, reflecting the
inability of suppliers to substantially increase produc-
tion bevond a certain level. Suppliers usually have some
fixed costs of production, so a1 some bow price, supply
becomes inclastic as they stop making the good,

Elasticity of supply and demand may also change
over time, so analysts should use caution when apply-
ing supply and demand elasticities to time periods thar
are years away from the data on which they ane based.
In the short run, elasticities tend to be lower, as firms
and consumers cannot readily adjust production or
contumplion. In the longer run, these factors are not
a5 fixed, and firms and consumers do adjust, Leakage
studdies usually require longer-run elasticities, with ac-
tors outside the project area adjusting production to
changes stemming from a project,

For manufactured goods, in the absence of a change
in technology, the bong-run supply curve tends 1o be
much more elastic than the short-term curve. This is
because, over several years, suppliers can build new
manulzcturing plants to meet higher demand or retire
old facilities to reflect a sustained drop in demand. The
supply of natural resources may not be as elastic as that
of manufactured goods. Increases in demand can en-
courage the exploration and development of new pro-
duction or extraction technologies. However, for many
resources, limits on access to raw material and amouns
used will eventually limit production. On the sther
hand, studies of the supply of wood products in the
United States from the 19705 through 2000 have shown
that elasticities are relatively stable (Haynes 2007).

Figure 10,2 showed demand with a constant price
elasiticity as linear (3 straight line). In reality, demand
curves with a constant elasticity are nonlinear: at dif-
ferent prices, a one-dollar change in price results in dif-
ferent changes In demand, This is because price elas-
licities are expressed as ratios of fractional changes
{see Equatbons 10.0 and 10.2), and a one-dollar change
in price is a larger proportion of a small price and a
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Figure 10.3 Demand as a function of price for a constant
price elasticity of L. While Figure 10.2 showed the demand
with a constant prim chﬂidl,r |:as!n.|ll1l line, de-
mand curves with a constant elasticity are actually
nanlinear as a function of price; this non-linearity
becoies apparent when the plot is extended over a

large price range. The nonlinearity arises because price
elasticities are expressed as ratios of fractional changes
(see Equatbons 10,0 and 190.2), and 2 one-dollar change in
price is a larger proportion of a small price, and a smaller
proportéon of a large price,

smller proportion of a large price. Figure 103 {Tlus-
trates this effect. It plots demand and price for a con-
stant elasticity of | over a large range of prices. Because
of the nonlincarity, to estimate the effect on demand
of a Jarge change in price. analysts shoubd construct a
demand curve using logarithms of quantity and price.
This will yield a straight line, making the extrapola-
tion easier. However, analysts should use great caution
in estimating the effects of large price changes because
there i a substantial risk that elasticety will not remain
constant.

Geographic scale also matters when cakulating the
price elasticity of supply. Whereas supply In a given re-
glon or small country may be constrained, many mar-
kets for goods are global. Another way of booking at this
is that individual producers in Large markets are price
takers, and they have a limited ability to alter the prices
they receive in the market. To a price-taking supplier,
global demand appears to be almos infinitely elastic.
If 2 market is very small because of a lack of substi-

Estimating Leakage or Off-Site Emissions

tutes, legal or tax barriers to imports, high transporta-
then costs, or other reasons, a singhe producer may face
less-elastic demand than if the market were more open.
In general, the more apen and global the market, the
smaller the project’s market share will be and the largee
the leakage will be.

Estimating €, and

As already mentioned, C,, and C_ . are the emissions
per unit of production (or unit of harvest) owtside the
project and within the project, respectively. Both ap-
pear in Equation 10.3 and thus are needed 1o caleulate
leakage.” 1t is especially important to keep in mind
that, when using these parameters 1o caleulate leak-
age, they must be in emissions per unit of production,
not emisshons per unit of area, Examples of emisskons
per unit of production include tons of carbon per board
feet of wood and tons of carbon per bushel of grainz,

In most cases, determining C . should be fairly
strabghtforward, Because this parameter relates fo pro-
duction within the project area, the data needed 1o de-
rive it should be readily available to the analyst,

Estimating C_, can be mose problematic. Analysts
can sometimes wse studies of prodoction costs and el-
ficiencies, and some ecological and fire-fuel studies, 1o
estimate emisshons per unil of production cutside the
project area. In the absence of such dara, analysts must
estimate C_, from other soerces. Forexample, they can
use data from published tables, sclentific papers, and
models to estimate emissions per unit of area, as well as
the number of units of the product made or harvested
withina given area. C_, can then be obtained by divid-
img thse Jarter into the former. Note that because wnits
of area appear in the denominator in both terms, area
cancels out, leaving emissions per unit of production.

When calculating leakage, the estimation accuracy
of L in Equation 10,3 is enhanced by using the marginal
rate of production’ per unit of land area, rather than
the average rate,™ If data on amounts of production
and area in production are available for muliple time
periods, analysts can use that information to estimate
the marginal rate of production. If they use two points
in rime, the equation for calculating the marginal rate
of production is
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where R_, .., 15 the marginal rate of production of
the good per unit area, P, is the amount of production
at a later time, Py is the amount of production at an
earlier time, A, is the area in production at a later time,
and A is the asea in production at an earlier time.

“The times for cach st of Pand A must be the same,
Units of production (such as thousand board feet or
bushels) must be the same for both Ps, and units of
area (such as acres or hectares) must be the same for
both As.

Analysts must check this estimate for reasonable-
ness. Sampling and measurement errors, and year-1o-
year weather variability. can yield unreasonable esti-
mates, If an estimate appears unreasonable, analysts
should perform the calculation for 2 different time pe-
riod, It may or may not be acceprable to average esti-
mates made over several time periods, depending on
the degree to which other economic factors are con-
stant across those periods. As in the case of calculat-
ing clasticities, a more relisble (but more difficult)
method Is to use data from multiple times, include
multipbe variables, and use regression analysis to cal-
culate the rate of production. Analysts can use & stan-
dard spreadsheet program to calculate a simple linear
regression of quantity produced against area of land in

L I— Equation 10.6

production. (If more variables are addressed, analysts
can consull Appendix 24 and other materials on this
methodology.)

Leakage can often be a significant fraction of the
net GHG benefit of a terrestrial offset project and thus
can significantly reduce the amount of offscts that the
project can achieve. For this reason, it deserves carefull
consideration by landowners, project developers, and
analysts throughowt the project. As a rube of thumb.
leakage tends to decrease as

-Supply becomes more inelastic (that is, ¢ becomes
smaller.

=Demand becomes more elastic {E becomes larger
in absoluse value).

-Market share of the project increases ( # becomes
Larger).

-Emissions per unit of production from the project
area become larger relative to emisshons per unht
of production in locations where displacement
increases production (that is, Lo becomes larger
than €,_).

Landowners and project developers should be espe-
clally mindful of leakage when demand elasticity is less
than supply elasticity, because under these conditions
leakage is likely 10 be greater than 50 percent of the
project’s net GHG benefit, This s in fact lkely 10 be the
case for many terrestrial offset projects.
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‘When a qualified, independent party verifies a project’s
offsets, and the offects are appropriately registered, buy-
ers, sellers, regulators, and market observers receive as-
surance that the offsets represent real atmospheric ben-
efits. CHten. a verifier's essential function is to act as an
auditer, attesting that a project’s offsets have been quan-
tified correctly (with suitable methods used to account
for additionality, baselines, uncertainty, and leakage)
and that ownership ks as clalmed, Subject to conflict-of-
interest limitations, verifiers may also act as quantifers,
estimating the amount of offsets a project will gener-
ate as part of scoping the project, validating the proj-
ect's moniloring and verification plan, and quantify-
ing the amount of offsets a project produces, O course,
individual carbon-trading systems may require spe-
cific verbfication procedures or may require or prohibit
specific relationships between wverifiers and projects.

Projects should make infermation on the process of
verilying offsets publicly available, most often through
a registry—a central database of emissions and reduc-
tions. All regulatory GHG mitigatkoen systems that rely
on allowances or trading maintain an official registry,
and many voluntary systems do as well, Each registry
has an underlying accounting framework that

=Ensures that offsets meet a specified quality
tandard.

=Associates cach offset with o unique owner.

-Remaoves expired or reticed offsets from the
market.

Chapter 11

Step 8: Verifying and
Registering Offsets

=Provides a central exchange where market par-
tcipants can execate trades, L the system allows
trading.

Assigning each offset in the registry 2 serial number
or other identifier allows regulators and observers to
trace its pedigree, even afler numerous trapsfers from
one party to another. This chapter addresses all these
aspects of verification and registration. (See Appendi-
ces 24-26 for more detail)

The Verifier as Auditer

1fverifiers function as auditors, they verify the method.
data, and caloulations used to quantify offsets, In this
role, verifiers may validate 4 project’s moaitoring and:
verification plan before it is used—attesting whether, if
the project is applied, its results will show valid GHG
offiets. Validation is recommended when project de-
velopers prepare the plan and collect and analyze proj-
ect data, Early consultatkon is important to ensure that
any measurements noeded before monltoring and veri-
ficathon activities begin can be desigred and conducted
at that point.

After the validated quantification method has been
applied, verifiers may then sudit measurements and
caleulations performed by project developers, project.
managers, of other quantifiers such as a consulting en-
gineering firm. (The Kyoto Protocol’s Clean Develop-
ment Mechanism generally prohibits the same party
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from both validating a quantification method and veri-
fying offsets caleulated using that method.) Some veri-
fiers consider whether the caloulated amount of offsets
is reliable, and (F it s not, they indicate a more reliable
amount and explain why the verifier's calculation is
mose reliable, Other verifiers do not wish to take respon-
sibality for the clalmed amount of offsets, and they state
only whether the quantifiers have followed the validaed
plan, (A carbon-trading system may not allow verifiers
to charge a fee to attest only that the quantification plan
has been followed without also expressing an opinion
as to whether the claimed amount of offiets i real)

Verification audits can range from light to intensive,
1f reports describing offset calculations are detailed, an
audit could be as minimal as a review of the repors.
Huowewer, such a light awedit is not recommended, as it
will not reveal whether data were collected correctly
or whether measurements were properly converted for
use In caleulatlons.

A somewhat mose intensive andit entails reviewing
project documents, and it may include interviews with
people involved in collecting data and making calou-
lations. This mid-level audit allows verifiers 1o check
the comprehensiveness of data and the accuracy of
cabculations.

An intensive audit entails visiting the project site
10 assess the appropriatencss and reliability of dasa-
collection methods and measurements, including
whether instruments have been properly calibrared and
used, Site visits may alio help verifiers judge whether
the extrapolation of measurements is reasonable. For
example, if the solid content of manure slurry is mea-
sured at one facility and the propoertion is applied to
several facilities, a verifier should consider, "D the fa-
cilities use similar enough methods for diluting ma-
nure to albow that extrapolation?”™

Verifiers may also take mezsurements indepen-
dently to check their accuracy. At a minimum, verifiers
should repeat some caloulations to see if they match re-
ported resalts, Verifiers typically spot-check particular
values, some randomiy and others becawse they appear
suspicious. The spot checks may yiekd slightly—and in
some cases grossly—different values for reported emis-
sians and sinks, IT verifiers find that their values dif-
fer from the quantifier’s values by bess than a certain

threshold, and they do not suspect deliberate miseep-
resentation, they may be allowed to attest to the inven-
tory mutatis mutandis ("the necessary changes being
mmiade”), that is, with minor revisions.

1f nat set by the registry or market regulator, the
monitoring plan should explicitly state the threshold
error. This defines the boundary between material and
nan-matersal misst Murerial misstatement is
a term of art in the field of accounting, defined by the
Financial Accounting Standards Board as “the mag-
nitude of an omission or misstaterment of accounting
infarmation that, in the light of surrounding circum-
stances, makes it probable that the jdgment of a rea-
sonable person relying on the information would have
been changed or influenced by the omisston or mis-
statement” (AICEA 2004, AUI2.10).

A more specific definition of material misstate-
ment varies with the environment in which it is used.
A market-wide threshold may be numerically complex
to account for varying types of inventories and con-
ditions. or it may rely on qualitative criteria. Any al-
lowable threshold crror should relate to the amount
of offsets, not the size of emissions inventories. The
maximum allowable error for offsets should be 5 per-
cent of the quantified amount. [F verifiers find dis-
crepancies 1otaling more than that, the regulatory sys-
tem should require revisions by the project developer
and resubmission to the verifier, (See Appendix 24 for
more on auditing functions and methods.")

A verification report should attest that a project’s
measurements and caleulations are appropriate and
correct to the level of precision in the quantification re-
port. The verifier's repart should include:

=The amounts of offsets found 1o have been
achieved.

- At least a bricf description of methods used by
the quantifier.

=A description of how the verifier judged the
appropriateness and accuracy of those
methods

-A description of any quantification errors or
omissions.

=A description of how any quantification errors
or emissions changed the amount of offsets.
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~The verifier’s opinion of how many tons of offsets
the project achieved in each sccounting period.

- A determination of whether emissions benefits
qualify as offsets within the specified GHG miti-
gation system.

Awditing a quantification of GHG offsets requires
substantial technical expertise and familkarity with
the tools and methods used in the quantification, A
typical financial accounting firm lacks the scientific,
engineering, and economic expertise to perform such
services. Moreover, a financial audit thar merely deter-
mines that project records include numbers, and that
arithmenic is correct, s not sufficient. The verifier must
be able to judge whether the appropriate data were cal-
lected, whether the equations used In caloulations are
appropriate, and whether calculations of confidence
lewels are realistic.

The Verifier as Quantifier

In addition to functioning as auditors, verifiers may
serwe as quantifers, determining what measurements
projects should take, taking them, and calculating off-
sets. This approach is most appropriate when such ef-
forts require significant technical capacity. When they
do, project developers can reduce the cost of quanti-
fication by allowing individual verifiers to apply their
awn procedures and tools.

If werifiers function as quantifiers, they write the
project’s monitering and verification plan (see the side-
barl. A well-articuluted plan specifics equations that
will be used to calculate emissions and sinks, The plan
should also specify the factors wsed in the equations or
the methods for making site-specific measurements of
each factor.

In theory, a quantifier shoubd be able to apply a moni-
toring plan written by someone else and produce a re-
liabke count of offsets. However, experlenced quantifi-
ers have instruments and methods with which they are
familiar, A plan written by someone else may require
them to acquire new measuring instruments, learn
new methods, and build a new database or spreadsheet,
thereby raising the cost. In addition, quantifiers can
quickly calculate confidence imervals when applying

Verifying and Registering Offsets

their standard methods toa new site, whereas it can re-
quire extensive work to determine the precision of new
methods specified by someone else.

The process of valuing timber provides an analogy:
Timber appraisers usually have years of experience
mieshing their imber-cruising methods with methods
used 1o determing bog grades and volumes according
to local market standards. Timber appraisers also de-
velop libraries of information and refine and calibrate
equations to bocal situations. A data-gathering protocol
designed by someone else would not provide the exact
information an appraiser would peed to perform the
needed calculations. At best, the appraiser would have
to spend extra time meshing the data with his or hee
methods, and the resulting calculation would probably
not be as precise as if the appraiser had used a data-
gathering design that matched the caleulation meth-
ods, At worst, the cruiser would not be able to use the
data o calculate timber value.

Establishing a Verification Agreement

A verification sgreement specifies the obligations of the
quantifier and the other contracting party. The agree-
meent should

-Diefine the project or present a method for deter-
miining project boundaries.,

~Specify a timeline for actions, such as taking mea-
surements and delivering quantifcation reports,

=Provide a schedule of payments for the work.

-Determine procedures for dealing with un-
planned occurrences.

The agreement may aluo specify the degnee of preci-
sion to be achieved by quantification activities, If off-
sets are 1o be submitted to a partbcular GHG mitkga-
tion system, the agreement should specify that odfset
calculations shall comply with the requirements of the
system. The agreement may require acceptance of the
verifier’s monitoring plan prior to implementation, and
it may not run for the life of the project.

Before committing to quantifying a project, verifi-
ers should do an initial check to ensure that the proj-
ect can produce offsets, If the project cannot produce
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Writing a Monitoring Plan
and Ensuring Quality

Verifiers serving as quantifers shoubd create 3 moni-
toring and verification plan for each project thar is
concise but complete enough that others can com-
prehend it and accept offsets based on i (A public
vershinn of the plan may contain less devailed infor-
mation about management of project lands and their
praduction,) The monitoring and verification plan
shauld include:

=Project boundaries if they are known when the
plan is writlen,

- A list of the project’s potential sources or sinks
of GHG emissions.

= A sampling design tailored to the project, in-
chuding the locations of plot centers. The plan
should specify three mechanisms for locating
the plots, such as markings on aerial photos,
GPS coordinates, and physical markers placed
a1 the plots’ reference poines,

=Dretailed protocals for measuring project condi-
tions and outputs, including the frequency of
measurements and procedures for recording.
managing. and storing data,

= Procedures, factors, and equations for analvzing
data and calculating profect-specific ratios, and
criteria for changing those procedures.

- The description of the contents and timing of
reparts that quantifiers will generate. These
reports should inchude summaries of original
data, not just the resulis of data analysis, so
someone unfamiliar with the project can inter-
pret the information and analysts later can ap-
ply new techniques as they become avallable,

= Quality-contrel standards and methads, in-
clisding redundancy in reconding data tn case
records are bost,

- A baseline or process for setting the baseline,

~Specification of a process for quantifying
leakages,

Quality control typically entails requiring a sec-

ond independent measurement of some plots, o re-
analysis of some data, 1o see if the two measurements

match. It alzo entails ensuring that quantifiers and
verifiers consbder multiple sources of information on
project outommes and that they nvestigate irregulari-
tie in project records.

I quantifiers plan to sample GHGs, they must en-
list technictans trained in performing such sampling.
Thus another key aspect of quality contred is training
workers, checking their performance, and reward-
ing them for high-quality work. The monitoring plan
shoubd provide quantitative thresholds for acceptabile
field measurements, with zero error the usual stan-
dard, The plan should also specify thresholds for fur-
ther action. For example, if a project processes ma-
nure in an anserobic digester, the monitaring plan
could require quantification of emisstons from ma-
nure stored more than seven days. For another exam- |
ple. if the value of soil organic carbon used in mod- |
eling is found to differ from the true value by more
than 15 percent, the plan might require the modeler
to redo the calculation,

Quantifiers would do well to gather the data they
need 1o cabéulate baseline emisssons when they are
writing the monitoring plan, to ensure that those
data are available. However, if the data are not availa-
ble, quantifiers may simply detail the methods for
calculating the baseline without actually performing
the calculats The ing plan should specify
conditions under which quantifiers must recalculate
the baseline to account for unexpected changes in
conditions and should ensure that enough data are
avatlable to support recalculation. IF quantifiers use
a new version of a model to calculate emissions, they
should use that same version 1o recalculate baseline
emlssions,

After drafiing the plan, quantifiers should esti-
miate the costs of completing the work and determine
that enough funding is available. Verifiers acting as
auditors will later use the plan to ensure that devel-
opers have implemented project activities and that
quantifiers have taken the steps needed 10 calculate
emissions reliably.
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offiets because of unaddressed emisslons, or because
the target trading system will mot recognize the offsets,
verifiers should make this problem clear to the party
seeking quantification.

Checking for Conflict of Interest

To provide legitimacy, verifiers must be independent
of project developers. landowners, and offset bayers,
and must pever seek to maximize or minimize offsets.
1f the project developer hires a verifier 1o quantify off-
sets, there s a potential conflict of interest, although
that might be acceptable if the relationship is disclosed.
Having the project developer and offset buyer jointly
select and pay the verifier reduces the likelihood of bias
and broadens the verifier's obligatbons.

If a verifier has a continuing business relationship
with a project developer (such as by participating in the
design, selection, and marketing of projects), that per-
son should not be verifying that developer’s projects.
Tests for conflicts of interest include the following:

Does the party have a direct (wsually financial) in-
terest in exaggerating the amount of GHG offscts? This
is almaost always presumed of the project developer, but
profit-charing mechanisms may also direct offsct bene-
fits to oither partics, Verifiers compensation should not
be based on the amount of offsets they find,

Does the party have an indirect interest in bias-
ing offset counts? An example of someone with such
an Interest would be an suditor who ks also a consul-
tant to the project developer. The auditor may reap fi-
nancial rewards from the developer’s own financial
health through more lucrative consulting contracts,
and thus he or she may have an incentive to inflate
offset amoums. Indirect interest can also be personal
rather than fAnancial, such as family ties,

Does the party have an interest in showing that
a project has achieved forecasted results? If a veri-
Rer projects future offsets and later becomes an in-
dependent verifier of the offsets, he or she would be
martivated ta show that the projections were accurate.
Verifsers should dischose or ritle out any potential con-
flzcts af interest in their reports. If significant conflicts
of interest exist, verifiers shoubd decline the job.

Verifying and Registering Offsets

Accrediting Verifiers

GHG mitigation systems may establish a list of ap-
proved verifiers based on an accreditation process and
requirements {see Appendix 251 Systems typlcally ac-
credit organizations, not individuals. That is becanse
verifiers need the institutional durability and resources
1o assume liability for their opinions and attestations
and because the broad range of skills needed for verifi-
cation is better provided by a team than an individual.

Registering Offsets

If GHG offsets are to be fungible {fully transferable
within a market framework) each offset must be Hsted
in a reglstry that can credibly track the offset as it en-
ters, resides in, and exits the market. In this way, the
regulatory agency (if it exists) and the purchaser can be
assured that the GHG benefits from a project have beens
uniquely assigned to the offsets being marketed.

Before starting verification, the project developer
and verifier need to target a registry so they can tailor
their work 1o its requirements. Though cach registry es-
tablishes its own accounting guidelines, most are based
on one of two principal sources. The World Business
Council for Sustainable Development and the World
Resources Institute have developed the WBCSIVWRI
GHG Profocol, which nearly every registry that sup-
ports corporate reparting has adopted. The Intergov-
ernmental Panel an Climate Change (IPCC) publishes
guidelines for GHG accounting in geographically de-
fined regions. The core IPCC guide is the Revised 1996
IPCC Gutdelines for Notiomal Greenhouse Gas Invemio-
ries. Oher IPCEC goades inclede Good Practice Guid-
ance and Uncertainty Maragement in Nitional Green=
hourse Gas [vertories and Goad Practice Guidance for
Lard Use, Land-Use Change and Forestey, A registry
i fundamentally a collection of information: even the
largest could e stored on a single personal computer,
Each record of offsets should include some or all of the
following:

Serial number: A unique number associated with
the record.

Offset size: The amount of GHGs sequestered or
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avobled, Most GHG registries define an offset as one
metric ton of C0,e,

Offset type: An indication of whether the recosd
represents an emissions allowance or offset, and pos-
sibly what type of offset® (that is, the method by which
the offset is generated).

Vintage: The time period during which an allow-
ance is valid or emissions have been reduced.

Account number: A code identifying the account to
which the record belongs,

Project identifier: A code idemtifying the project
that generated the offset.

Status: An indication of whether the offset is still
available for trading o has been retired or canceled.

Project developer: The name and contact informa-
tion of the entity that originated the offset (regardless
of who owns the offset at the current time).

Geographic locator: Preferably an explicit geo-
graphic location of origin, or, at minimum, the geo-
graphic area in which the offset was created.

Links to the verification repart: Unigue identifiers
locating validation and verification reports and sup
porting documents. These reports should be backed up
olf-site.

“The registry monitors the status of offsets and allow-
ances by requiring details documenting transactions
amd by malmaining a record of all transfers into and
out of the registry and among participants {see Table
11.1). Registries often require both buyer and seller to
notify the registry of any transfer of offsets, although
some reglsiries allow transfers based on a request from
the initiating account only. The transaction record does
not include the amount paid by the buyer, but the regis-
try may play a monioring robe.

In a registry, retired offsets have been permanently
removed from trading. For example, in the Kyoto sys-
term, at the end of the 2008-2002 compliance period,
each country will retire allowances and offsets equal

to its emissions during the period. This ensures that
countries do not apply allowances to later emissbons,
ard it also ensures the integrity of any emissions cuts.

A voluntary registry can retire verified offsets. The
Climate Trast im Oregon. though lacking some of the
formal structure of a registey, accepts GHG mitigation
Funds from customers wishing to offset their emissions.
“The trust uses the money to fund, validate, and retire
GHG offset projects, taking imto account additionality,
leakage, and the permanence of the offsets. The buyer
never actually takes ownership of the offsets; instead,
he or she pays the trust to ensure that no ather party
can use them.

Some capped markets allow amyone to establish an
account in their registry, purchase allowances or off-
sets, and retire them, pushing environmental protec-
tion above the mandated level. For instance, several
individuals and nonprofits have bought sulfur dioxide
allowances from the EPA’'s Acid Rain Program. therchy
reducing total emissions.

Registered offsets are canceled—that ig, disallowed
and nontradable=when they are shown to be (1) unsip-
ported by actual sinks or emissions cuts, (2) nonaddl-
tional, (3) of improper vintage, (4) registered elsewhere,
or (5] otherwise in violation of registry or market stan-
dards. (The Kyoo system uses the term canceled differ-
ently. The wnits are considered cancebed rather than re-
tired when participants surrender albwances or offsets
1o meet compliance obligations or when entities with-
oul emissions caps acquire allowances or offsets and
want to remave them from wse.)

Ensuring Market Integrity

ldealty, before accepting offsets, each registry should
ensure that they do not appear in any other regis-
try. However, no registries now police against mul-
tiple registration, probably because the number of

Tabde 111 Transaction Record, Modeled on the Kyoto System
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markets is small and double registration would be
obwious, but also because regulators wsually do not
have jurisdiction over other markets. At a mini-
mium, registeles should require parthes registering off-
sets to attest that they are not registered elsewhere.

Ensuring intermarket integrity requires more than
preventing multiple registration. The quality and value
af offsets can vary from one registry to another, de-
pending on the market rules, For exampie, the price of
each 1an of COye can vary by a factor of more than 1,
depending on the stringency of a market’s emissions
targets, a market’s definition of baseline emissions, and
participants’ obligation to maintain offsets over time.
Participants must take a chose look a1 the market rules
in which a registry is operating, not just the rules at the
registry sell, before deciding to purchase a given off-
set. The adage "you get what you pay for” can apply to
offset purchases.

Registering Reversible Offsets

Offsets involving carbon sequestration are by pature
reversible, A large fire can immediately release thou-
sands of tons of carbon sequestered over years of care-
ful forest management and kill trees that will decay
over time, generating further losses, In a properly func-
tioning market, reversible offsets can have monitor-
ing costs and risks that may lower their market value,

A reversible offset can be retired in two ways: it can
be monitored in perpetuity and replaced if bost or it
can be replaced with an irpeverssible offset after a speci-
fredd length of time. A registry could identify reversible
offeets as temporary. In other words, land-management
offsets might remain valid only while monitoring shows
that sequestered carbon continuwes to be stored and
that the baseline remains valid, When the baseline ex-
pires, momitoring ceases, or a project ends for any ather
teason, the offsets expire. The expiring amount then
counts a5 an emission in the account of the party that
retired it

When a Registrant Dissolves

Regulated markets do not allow registrants to with-
draw from a registry, but voluntary markets cannot en-
force such restrictions, However, a well-organized vol-

Verifying and Registering Offsets

untary registry will establish a procedure for handling
registrants’ withdrawal. The best practice is to cancel
offsets owned by a dissolved registrant or a registrant
in default.

Voluntary reglsiries can make two exceptions. In
the frst case, a registry may post unils previously
owned by a withdrawn registrant for sale, Such a sale
must have a deadline tight enough to prevent the off-
sets from degrading. The second case occars if the reg-
Istry monitors the offsets itself, either while the offsets
are awailing sale or are retired.

Allowance-based registrics can exert the most pow-
erful environmental effect by retiring the allowances of
a dissolved or defaulting registrant. However, markets
that cap emissions from a specific Industry may rea-
sonably auction or redistribute some or all of the allow-
ances because the remaining pariles can expect greater
demand for their products when a competitor leaves
the market.

Ensuring Permanence and Transparency

Aswith any accounting system, a reglstry cannot erase
transactions; it can only reverse them, Once registered,
the record of offsets remains in the registry. If the off-
sets are reversed, retired, or otherwise canceled, the
historical record ensures integrity and allows for au-
dits by third parties or a regulating agency. Thus a reg-
istry’s records will grow over time, A well-structured
registry includes separate retirement and cancellation
accounts, even though both are ownerless (no one can
sell or surrender the offsets in them again).

Registries must make an appropriate amount of
information publicly accessible to ensure widespread
buy-in to the regulatory system. The public will want
10 know where offsets have been generated, the date of
their generation, and the activitics that created them.
For those who wish to investigate further, public doc-
uments should clearly describe the baseline scenario,
quantification methods, and propartion of leakage.
These descriptions need not reveal proprietary Infor-
mation, and claiming a need 1o protect such informa-
tion is not an acceplable reason to hide it. Revealing
maore knformation gives buyers and other observers
better grounds on which 1o judge whether claimed off-
scts are real.
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Pubdlicly available information should include:

=Full records of all retired offsets.

=The identities of active account holders (partici-
pants who wish to remain anonymous can allow
trustees or brokers to hald offsets and perform
trades).

~The total amount of tradable offsets in the system
{divided among types and vintages if the registry
makes these distinctions).

-Manthly data for each type and vintage of offsets
ifthe registry allows trades, including trade vol-
wme and open, high, bow, and closing prices of
offsets.

=Links to validation, quantification, and verifica-
tion reports for all offsets. Public information
may inchude abbreviated versions of these reports,

If the registry supports trading, participants are
likely to have password-protected access to additkonal
information, including the real-time asking price of
offsets and the total amount available. Participants also
need to know the vintage and type of offsets and have

full access 1o project reconds, including complete veri-
fication reports and other supporting documents. If a
registry does not support trading, it will need a mech-
anism for providing this infermation to an exchange
that does.

Registry participants may not have access to all this
information for offsets that are not for sale. A regis-
try’s decision on whether to make it available has lirtle
bearing on the quality of the marker, though oo much
tranaparency can repel participants concerned about
privacy.

Parties may trade anonymously through brokers,
as is standard practice with stock exchanges. However,
project developers cannot remaln anonymous becatse
their identitses are an essential aspect of any due dili-
gence by potential buyers.

A strong registry will provide a safe chanpel through
which an auditor or any other party may report fraed.
Mo existing system addresses this issue explicitly now,
but registries should begin creating clear procedures
for handling such incidents,
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This guide is intended 1o help practitioners and policy-
makers understand and pursue the opportunity to cre-
ate GHG offwets from farms and forests, This is 2 com-
plex subject, so the production of a book on the subject
must necessarily involve difficult editorial decisions on
which technical information to include, which to refer-
ence, and which to omit. Implicit throughout this vol-
ume is the need to balance the use of the best meth-
ads with their costs. If the transsction costs of these
methods tre too high, land managers will not use the
methods; if the methods used to develop offsets are not
sufficiently rigerous, buyers will not wish 1o purchase
the offsets.

From the perspective of practitioners who will de-
velop specific projects in the field, this guide provides
2 beginning rowte to scoping. designing, developing.
implementing, verifying, and registering GHG affsets.
Those tasks will require a range of players, incleding
not only farm and forest managers and their techni-
cal consultants, but also an areay of seevice providers
ranging from carbon analysts o independent verifiers,
from investors to bocal farm advisors.

To support feld practitioners, Environmental De-
fense ks facilitating demoenstration projects that apply
the recommendations in this guide. In 2004, when the
effort to produce it began, Environmental Defense en-
tered into several key partnerships with organizations
representing land managers in agriculture and for-
estry. An agreement with the National Association of
Conservation Districts {representing 3,000 rural com-

Chapter 12

Conclusion: Putting These
Guidelines into Practice

munities nationwide) has helped create regional co-
operative programs with agricultural organizations
arcund the country. Many of these organizations have
decided 1o develop their own capacity to serve as ag-
gregators for individual farmers and smaller groups of
land managers.

The demonsiration projects include the following:

=1n Idaho, time-sequenced reforestation projects
will retuen previously cultivated lands 1o pine for-
ests, with the resulting offsets aggregated by a Na-
tive American tribe.

-In Kansas, Missouri, Nebraska, and lowa, several
hundred larms are applying no-till practices to
corn rotation lands and supplying feedstock for
biofuels, with aggregation provided by a coopera-
tive mill.

-In Louistana, some one hundred producers are
pursiing cover crops, no- and low-till farming,
reforestation, and capture of methane from live-
stock, with aggregation provided by state conser-
vation districts.

=In Michigan, hundreds and even thousands of
smiall fandholders are converting 1o no-till crop-
ping and reforesting marginal agricubtural lands,
with aggregation provided by local conservation
districts and a statewide association of conserva-
tion districts,

=In New York, a group of small landowners and
dairbes in the central and western region is pro-
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ducing offsets by combining reforestation, no-till
farming, methane capture from manuare, buffer
zones, and cover crops, with aggregation pro-
vided by local conservation districts and a re-
ghonal resource conservation and development
corporation,

=1n Ohio, local conservation districts and a state-
wide agricultural commodities organization are
aggregating offsets produced through the use of
buffer zones and no-till farming, reforestation
of cultivated lands, and revegetation of mining
lamds.

=In Oregon, Washington, and Idaho, over one
hundred farms are producing offsets from no-ull
farming, not only sequestering carbon in soil but
also bowering fuel and fertilizer use, with aggre-
gatbon by the Pacific Northwest Direct Seed As-
sockathon, 3 nongovernmental organization with
mostly farmer-members,

-In Xinjiang province tn China, farmers are us-
ing na-till farming, a provincial forest agency
is reforesting arid lands, village authoritics are
overseeing the capture of methane from manare
a1 the village level, and a provincial water author-
ity Is reducing emissions through better water and
fertilizer management, with aggregation by local
and regional government entities, the lead agency
being the Xinjlang Environmental Protection
Bureau.

Cther sites and other states may join these efforis,
expanding the diversity of land-use practices and
locations,

The second phase of these cooperative projects in-
valves marketing—and ultimately sefling—the GHG
offsets. Two key activities will enhance the value and
marketahility of the offsets. One s creating a prospec-

tus for each project, used 1o cultivate potential inves-
tors. Anather is applying the quantification and verifi-
cation standards outlined in this volume to the offscts
proposed for sale.

Fortunately, broad asdiences of farmers and land-
owners, prospective buyers, investment groups, and
policymakers have expressed keen interest In witness-
ing real transactions involving actual contraces and
transparent definitions of GHG offsets. However, with-
out a cap-and-trade carbon market, demand for offsets
will contimee to be thin. A transparent, credible cap-
and-trade market that includes GHG offsets cannot
emerge, though, without policies and regulations thas
Facilitate i

This guide is particularly relevant to efforts to cre-
ate regulatory standards for terrestrial GHG offsets.
When these policies and regulations are in piace, they
will spur businesses 1o identify the most cost-effective
ways of reducing their GHG emissions, resulting in
significant demand for GHG offsers. Than, ko turn, will
enable U5, farmers, foresters, and other land manag-
ers to heip reduce global warming while enhancing the
value of their operations and the quality of their locall
environments.

The results of the demonstration efforts noted above
will undoubtedly reveal the need for revisions to this
guide. Continuing scientific advances in our under-
standing of how ecosystems interact with the climate
[see for example Gibbard et al. 2005, Keppler ¢ al.
2006) will also likely necessitate revistons. Results from
the demonstration projects will also help inform the
policy community on the intricacies of structuring a
GHG emissbon market 1o effectively use offsets created
by changes in land management. Most importantly, the
experiences will help secure the credibility—and show
the practicality—of farm and forest offsets as impor-
tant elements in salving our global warming dilemma.
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Four practices are critical to ensuring that developers
can accurately determine their project’s offsets while
oot incurring unacceptable costs. These practices are:
1) paired sampling. (2) random sampling, (3) choosing
an adequate mumber of sampling sites, and (4) stratify-
ing the sampling sites when appropriate.

Paired Sampling

Accurately quantifying a project’s GHG benefit often
requires accurately measuring small changes in carbon
stocks over a large area multiple times. That, in turn,
requines minimizing the uncertainty that arises from
variations in sequestration frem one point to another.
A paired sampling strategy can addeess this challenge.
Paired sampling entails measuring carbon stock a1 des-
ignated bocatbons, remeasuring those stocks at o later
time at the same locations using the same techniques,
and analyzing the change, Quantifiers then average se-
questration over the entire project anca and determine
the statistical uncertainty in the average based on the
wvariation from site to site,

“This approach assumes that the sampling strategy Is
extensive enough to ensure that the average truly rep-
resents the project area. The other three strategies ad-
dress that challenge.

Random Sampling

Sampling will not accurately measure the amount of
carban & project sequesters unless the process of locat-

Appendix 1

Key Factors to Consider in
Developing a Sampling Strategy

ing plots is unbiased. For example. if quantifiers for
forest projects locate plots in “nice”™ patches of trees,
they will bias estimates of tree growth—and thus car-
bon sequestration —upward, Given a choice, field crews
will avold establishing plots amid brush because it is
hard to navigate, but that will also bias sampling. The
main strategy for establishing plots to obain unbiased
measurernents is to sample randomly. The simplest ap-
proach to this is pure random sampling, where quanti-
fiers use GI5 software to randomiy select the location of
each sampling site.

An alternative to pure random sampling is system-
atic sampling with a random start. Systematic sampling
can be aligned or unaligned (see Figure A1), In aligned
systematic sampling, field crews locate plot centers at a
fixed distance from each other along parallel lines that
are separated by a fixed distance, This approach allows
crews to move from one plot (o the next relatively cas-
ily. However, quantifiers must ensure that plot spacing
does not correlate with some pattern in the landscape.
For examgple, if the distance between plots is the same
as that from ridge to ridge, and all plots happen to end.
ug mear ridge tops, the sample would be biased. In that
case, unaligned systematic sampling may be preferable.
In that approach, project lands are divided into a regu-
Lar pattern of grids, and the sampling plots are located
randomly within those grids.

Systematic sampling with a random start is recom-
mended for large contiguous blocks of fields with more
than 10 sampling sites per block. Random sampling i3
recommended when land parcels enrolled in a project
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Figure A1 |llustrazions of systematic sampling of a project area using aligned and
unaligned symmetric approaches. In both cases symmetric subplots are marked off—
shawn here as squares. In the aligned case, each sample is taken at the same place within
the subpbot; in the unaligred case, the samples are taken o random kacations within the
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are small, irregularly shaped, or nareow. Assigning plot
lecations before crews take the first field measurements
allows either approach to work.,

Cheosing an Adequate Number of Sites

The number of sampling sites, combined with sie-to-
site varlation, determines the statistical precision of
a project’s overall measurements, People often incor-
rectly assurme that the number of sampling sites should
reflect the size of the area being measured. In fact, spa-
tial variability in carbon content across the project area
—not the size of the area—should be the determining
factor.

This spatial variability Is characterized in terms
of the coefficient of variation (CV). CV is the average
amoant that the measured change in carban stock on
each plot varies from the mean change of all the plots.
1 CV is small, quantifiers can rely on a relatively small
number of sampling plots to characterize the average
amount of change in soll carbon over the project area,

IFCVis large, they need to use a relatively large number
of sampling sites.

In statistical 1erms, CV is the standard deviation of
the mean divided by the mean or average.! For exam-
ple, if measurements from all the sampling sites yield
an average change in carbon stock of 2 tons per hect-
are, with a standard deviation of 0.4 tons per hectare,
CVwould be 0L472 = 0.20. According to convention, the
coefficient of variation is expressed as a percentage of
the mean: in this case, CV = 2 percent,

The maost direct and sccurate way to estimate CV
for a given project area is to perform a pilot study that
measures carbon stocks at various locations before the
project begins, If a CV directly relevant 1o the project
area is not available or attainable, analysts must rely on
studies of other bocations, However, many such studies
report carbon stocks but do not cite variation in indi-
vidual plots, and the sampling protocol in these studies
may differ from those of the project, Still, estimating
the coefficient of variation from existing messurements
is better than merely guessing.
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Once CV has been charscterized, . the number of
sampling sites needed for a given level of accuracy and
confidence, is given by

{he]

where ¢ is the number of standard deviations (o) needed
to achieve the desired confidence level (typically ob-
tained from a ¢ table), and ¢ is the allowable error (or
uncertainty) in percent,

As Appendix 3 indicates, the change in carbon
stocks should be accurate to within 10 percent, with
a 90 percemt confidence level using a one-tailed 1 test.
Then, t = 1.3, & = 10 percent, and

Equation AL

nn[E m':v]. =[0I CVE Equation Al.2

If €V = 45 percent (a reasonable level of variabil-
ity for most agricultural projects), then 1 = 15, a very
tractable number of sampling sites. However, because
n varies as the square of CV, the number of sampling
sites can rise rapidly as the coefficient of variation
Increases.

For example, for a CV of 70 percent, n = B3, and for
a CV of 100 percent, » = 169, Measuring changes in soil
carbon on 169 plots is clearly much more costly than
mezsuring changes on 35 plots. However, if the num-
ber of sampling sites is too small to provide accurate
estimates of a project’s offsets, then the project may not

Developing a Sampling Strategy

be profitable. {Recall from Chapter 2 that a project’s
claimed offseis are the calculated offsets minus siaths-
tical error ar uncertainty.) If the coefficient of varia-
tion appears to be large, developers will have to decide
whether to go forward with fewer sampling sites and
lower accuracy, to absorb the cost of installing and
measuring many plots, or to forego the project.

In fact, prudent developers will install more than
the minimum number of sampling sites. The world is
an upcertain place, and some plols may be lost as land
is dropped from the project for any number of reasons.
1f a project will run for more than a few years, develop-
ers should install at least 15 percent mare sites than the
minimum so the possible loss of some sites will not wn-
dermine the entire project. IF, as the project proceeds,
quantifiers do not need the extra shes, they can drop
SOME b save money.

Stratifying the Project Area

A common criticism of random sampling is that @
does not guarantee complete “coverage™ of impor-
tant subpopulations. By chance, a random sampling
design may not designate plots on every type of land,
such as both forested and cultivated land. Stratified
sampling—grouping similar areas expected to see sim-
ilar amoums of change in carbon stock together and
quantifying carbon in each group (see Figure A.2)—
can guarantee that sampling represents all important

Figure &2 Example of stratified random
sammpling. A common crilicism of random
sampling is that it does nol guarantee complete
“coverage” af impartant subpopalations, There

o ks a finite chance that & random sampling

design may il to locate plots on every Lype
of land: for example, forested areas within a
@ Eargely cultivated tract. Stratified sampling—

grouping together similar areas expecied to see
o similar amounts of change in carbon stock—

o and quantifying carbon in each group can

guarantee that all land-types are sampled. In the
ilhustration, a simple random sample of # = 50
was sebected in the forested {left) portion of the
lared holding: a simple random sample of m = 30
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subpopulations. More importantly, if different areas
are expected to register ditfferent amounts of change
{forests are expected 1o store more carbon than culti-
vated areas, for examplel, stratified sampling wsually
produces more precise estimates by removing stratum-
to-stratum variation in mean outcome from the overall
estimate of standard error.

Quantifiers should base selection of sirata bound-
aries on bivlogical reasoning, rather than simply com-
bining lands in a way that produces the maximum
amoumt of sequestration. That means that quantifi-
ers should group sites with similar amounts of change
in carbon stock, even if the total smount of carbon in
those groups varies. For example, consider a situation
where the carbon stock in area A s expected to rise
from 0 to 30 tons per hectare, the carbon stock in area
B is expected to rise from O to B0 tons, and the carbon
stock in area C to rise from 100 to 130 tons. Arcas A
and B have the same starting carbon stock but different
expected amounts of change, Areas A and C have very

different carbon stocks but are expected to see the same
amount of change. Quantifiers should group areas A
and C into the same stratum and place area B in a dif-
ferent stratum. The average of the carbon sequestration
rate in each individual stratum is then determined in-
dependently and the total for the project is determined
from the weighted average of the strata, If the variabil-
iy in sequestratbon rates across the project lands can
be grouped by strata, the estimate of the mean for each
stratum will have a smaller uncertainty. Subsequently,
the estimate of the fotal sequestration acnoss the proj-
ect area, using a weighted mean, will also have a lower
uncertainty.

To determine how to stratify & project area, proj-
et developers can also use models and thelr knowl-
edge of carbon dynamics. It is also acceprable to decide
whether and how to stratify sites after fieldwork is com-
plete, but care necds to be taken in this case to make
sure that the stravification impesed on the project area
does not introduce a sampling bias into the system,
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The activities that project mansgers pursue to seques-
ter carbon usually create some OO, emissions, and they
may change emissions of methane and nitroos oxide.
The use of fossil fuel in managing project lands can
produce the former, for example, while the use of fertil-
izer and changes in irrigation and tilling practices can
affect the latter, In addition, all three gases are emisted
during fires. While methane and nlirous oxide emis-
sions may be relatively mosdest, they can gtill be impor-
tant because their GWPs are considerably larger than
the GWF of CO), (see Chapter 2). When these emissions
accur on project kands or are cansed by project activi-
ties, quantifiers must account for the net change in
emissions, uwsually by wing relatively straightforward
methods.

Carbon Dioxide Emissions

Inadvertent CO, emissions most often occur from fos-
sil fuel use and from fires.

Fuel wses CO, emissions from the use of fued in proj-
ectactivities are usually small relative to the amount of
carbon sequestered in wood—typically | to 5 percent
of that amount. Progect developers can therefore sim-
ply keep track of the types and amounts of fuel used
during project operations and then use standard con-
version factors to transform this information into CO,
emissions {see Table A.1).

Fires: Landowners sometimes use fire as a manage-
ment tool, especially in forest projects. Wildfires also

Appendix 2

Quantifying Inadvertent
Emissions from Project Activities

sometimes break out an project lands, despite the best
management practices. These fres produce CO emis-
sbons, and quantifiers may or may not have 1o account
for them, depending on the project.

Carbon sequestration profects usually do mot have
1o track such emissions separately bocause fires deplete
carbon stocks on project lands, and any measurement
of biomass carbon stocks will therefore sccount for
them. Biomass measurements made at or after the start
of the project and before the fire Indicate the amount of
fine and coarse fuel. A fire expert can observe the site
after a fire and estimate the amount of biomass remain-
ing. Fire management agencies may alss have models
or measurements that estimate the amount of matertal
burned in wildfires within the project area, Although
estimating the arca burned can be problematic, espe-

Table A1 CO, Emissions from Burning Fossil Fuel
I

| = 1
Pounds of CO, | Metric toas of CO, |

._Fuel | per gallon p«:r_p_i[L i
[Guotne | toses | oowww |
Diesel 21384 s

| Aviation ] 18.355 _amm?__

| iine- b — 1
(oo | ok | ool

Sewrce: UL, Department of Energy, Energy Information
.ﬂ.dminl.-.‘lmiouihltpumwwxn.du.wﬂ.



289

Appendin 2

clally when fire is patchy, a fair amount of uncertainty
in the tons of dry matter burned is acceptable because
emissions should be modest. Quantifiers can use what-
ever information they obtain froms a moderate amownt
of investigation and use the default conversion factor of
94 percent to estimate If these emissions are
less than 5 percent of net carbon sequestration. such e3-
timates are adequate. If these emissions are larger than
5 percent of net sequestrathon, quantifiers shoubd iden-
tify the rate of uncertainty in the estimate and wse o
high estimate of emissions ar improve the reliability of
the estimate.

Methane and Nitrous Oxide Emissions

Methane (CH,) and nitrous oxide (M,0H are green-
hotse gases with GWPs of about 20 and 304, respec-
tively. so quantifiers must take them into account when
assessing a project’s net greenhouse benefit, Bath gases
can be emitted from the burning of blomass and from
soils and decaying organic material (such as forest lit-
terfall, mulch used on croplands, or manure stored in
a lagoon). Small amounts are also emitted when fossil
fuels are burned, but quantificrs do rot have to account
for these emissions because the global warming impact
is small. (Nitrous oxide emissions from wehicles are
very small. Even multiplying by the high GWP of ni-
trous oxide, nitrous oxide emissions from vehicles are
esitmated to have a net ghobal warming impact of about
2 percent of that of O, emissions from these sources,
methane emissions on the arder of 0.3 percent.!)

While quantifices must often account for methane
and nitrous oxide emissions, reliably measuring them
is a challenging task that can require significant hu-
man and monetary resources. For example, measur-
ing methane and nitrous cxide emissions over a one-
year peried from even one field can cost $50,000 1o
$150,044—Far mare than the value of offsets most proj-
ects can generate, Quantifiers should therefore rely on
model simulations, conversion factars, and empirical
equations to estimate these fuxes (see the next section
and Chapter 10).

Fires: Quantifiers can estimate methane emissions
from fires a5 a function of their combustion efficien-
cies,” using the factors in Table A.2. Two fundamental

points are clear, Smoldering, smoky fires—those with
combustion efficiencies of 0.9 or less—produce much
mare methane than hot, nonsmoky fires, However, the:
methane-refated warming effect even from smoky fires
is small relative to the warming potential of CO, emis-
sions from burned vegetation.

For example, for 2 combustion efficiency of 0.88, the
warming effect of methane refeased by the fire is only
about 5 percent of the warming effect of the CO, re-
leased by that fire. In hot, low-smake fires, the warm-
ing effect of the methane is less than 2 percent of
the warming effect of the CO,, Because fires tend o
burn in a patch pattern, with different intensities at
different bocatbons, quantifiers will probably find more

Table 8.2 Methane Emissions from Fire,
by Combustion Efficiency

T T T Wermegeteator
CH, emitted as a
jproportion of the
warming effect of the
CHyemitied | £0 From combastion |
| (Mg, /Mg (CH, GWP =13
Combustion | dry matier (Mg OO0 e/ My Cye
efficiency Burned) I beomss)
0ER and4d 006
9 CLOIS r 4
| oS I Q.O0M o4l
092 CLzE: 035
(L] ooz L)
094 Q00 no2s
005 00015 | 0
| nes | oom | 04

Naler: Mg = megagrams, or metric tons. GWP = glabal
warming Pol.rmh'l.'l'hr I:D:t of emdtied C}I‘ Is givenasa
proportion of the total COy emitted by the fire, The CO,c

of emisted CH, 83 a proportion of the O, removed from
the atmosphere and sequestered as carbon in biomais
woulbd be shightly lower. Combstion efficlency is defined in
nale 2, Mote that fres may have lower combustson efficiency
and thus higher methane emissions,

Sowrce: The amownt of CH, emitted s a function of biomass
s from 1O (20000, citing Ward et al (15961
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Table A3 Nitrous Oxide Emitted per Ton of Dry Matter
Burned, as a Function of Mitrogen-vo-Carbon Ratio in
the Dry Matter

Quantifying Inadvertent Emissions

than 5 percent uncertainty in the total amount of bio-
mass burned. With this level of uncertainty, the entire
warming effect of the methane emissions would be less
than the uncertainty in the CO, emissions. In projects
that sample biomass comprehensively, biomass mea-

£ should caprure the impact of the CC, emis-
sions. In these cases, a comprehensive estimate of GHG
emissions and sinks should include methane emissions

Burning vegetation also produces nitrous oxide, The
Intergovernmental Panel on Climate Change (IPCCH
suggests a defoult emissions rate that is a linear func-
tion of the amount of carbon burned and the ratio of
nitrogen to carbon in burned biomass. (The IPCC did
not formally adopt this method,) The IPCC equation
for calculating the mass of M0 emitted is

Ratio = 0000002 + [LOMMHIS = (N ratiol)
Equation AL

where Ratio is the number of tons of N,0 emitted per
ton of OO0, emitted, and M.C ratie is the mass of nitro-

kg M, Oftan of
MoC ratho in % dry mathber burned
[LE ] : 284
(1T RS 06
e | eabin
1 00765
— e
14 D OGEsy =
L& K116
[F.] s
2 T oms
s | owess
3 1887
;,__15 ' m]nf::s_ :
| 4 2448

Nete: These calculations assume LT metric tons of CO,
emitied per fon nl'd.rr matier barned (in this case, different
kinds of tropical wegetation],

Sowrce: Equation 2,21 proposed by [PCC (20001,

£en in the burned biomass divided by the mass of car-
bon im that biomass times 100 (that is, expressed as &
percentage).

If they lack site-specific data, quantifiers can assume
that a ton of dry matter burned emits 1.7 tons of CO,.
Table A3 provides examples of nitrous oxide emissions
from different types of tropical vegetation. For all the
types of forest tested, the warming effect of the nitrous
oxide was less than 2 percent of the warming effect of
the CO, emitted from the fire.

Soil and decaying organic matter; Chapter 3 provides
methods for estimating these emissions and suggests
land-management practices that can minimize them,
for which project developers may receive offset credit.
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Using Statistics in
Quantifying Offsets

Simply put, statistics help quantifiers design an effec-
tive strategy for assessing greenhouse gas benefits and
{once sampling is complete) for caloulating the amount
of offsets and the uncertainty in that result. Consider
a forest project where the quantifier needs 1o know
the average diameter at breast height of all the vrees.
Oine option is to measure every treg, However, that ap-
proach is not practical for a large forest. Another op-
tian is to sample a subset of the trees and infer the av-
erage for the entire population from the the sampled
subset. But how many trees does the quantifier need 1o
sample 1o get a satisfactory answer—that is, an average
that is acceptably close 10 the real average? And after
comducting the sampling and calculating the average,
how do quantifiers know how close the resulting aver-
age is 1o the actual average? Statistics help answer these
questions.

The methods described here apply to all types af ter-
restrial GHG offsct projects that use sampling rather
than modeling. Quantifiers can rely on these relatively
straightforward equations to caloulate both the amount
of oiffsets a project produces and the uncertainty in that
result

Definitions
This section describes populations, samples, and kinds
of dispersion across samples. An analysis of these attri-

butes shows how likely it is that a set of sample ohser-
vations accurately reflects the population from which

the samples are drawn. Table A4 provides a list of the
various parameters used to carry out this analysis, and
Table A5 comains a hypothetical data set uwsed to illus-
trate the application of the concepts discussed here.

Population

The searistical population of meazurements, ofien re-
ferred o as simply the papulation, is the set of mea-
surements of a certain feature of a finite collection of
objects. For example, consider the height of trees in a
forest stand (see Figure A3} The acral mean height
is not mecessarily the same as the mean height of the
population, since the latter is based on measurements
of a subsiet of the tatal stand. The better the sampling.
strategy, the more representative the population will be
of the a¢tual forest stand, and the more likely the two
means will be comparabde,

Sample

A samiple is 2 subset of the population, such as a set of
measurements of a certaln feature on a subset of the
abjects of interest, A sample may be measurements of
the helghts of | percent of the trees in a forest stand or
the average amount of carbon in the top 10 centimeters
of soil in a core from the center of each of 30 square-
mieter plots selected from the grid partition on the land
unit (Figure A.4). Becawse a well-designed sample can
provide information about the entire population, sur-
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Figure A3 The distribution of tree heights in
a forest stand, The bass repeeseni a histogram
of measarements of a population o subset of
trees measared. The solid line i an ideabized
represendation of these measarements, assum-
ing a Gaussian or bell-shaped distribution, re-
ferred 1o as continuons-density plol. Contina-
ous-density plots are derbved from the mean
and dispersion—or standard deviation—in the
popalation, assuning that the individuals in
the population have a Ganssian distributkon
(Fallow a “bell curve™). Far this discussion it is
not pecessary vo understand exactly how the
T T : 1 plot is derived,
1] [} ol M Nefe The information shosws o mesn of

rese berighi in meteny 12 meters, a standard deviation of 223 meters,

and a variance of 5 square meters.

B
J

4

i

numbsr &l troes per 1000 per hectar (187 wren]
&
I

=
|

B
1

]

-
-

number of trees per BOO0 pet bortase [1.47 acres)
-]
1

10
forest wih sampling grid e Basighia in eneien

Figure A4 Hypothetical sampling af tree heights for the forest depicted in Fagure A3

{a) Farest outline with a 10 x 30 m? sampling grid, and the locations of 2% randomly
selected plots that compose the sample marked by dots.

(b} Histogram of the sample of mearured tree beights {normualized to thousands of trees
per hectared, superimposed on the actual density of tree beights for the entire population.
In this hypothetical example the random sample yickls 2 mesn of |35 meters, while the
actual nwean for the population is 12 meters.,

veys can be designed 10 measure o sample of a popu-  Fation. 17 the measurernent of interest s obvious from
lation at a small fraction of the cost of measuring the  the context, people aften refer 1o the subset of objects
entire population. (ruch as trees o square-meter phois) as the sample

Note that the term sample denotes the measurements  rather than the ebjects’ measurements. This usage can
of & subset of objects chosen from the entire popu-  cause confusion, even though it is common and used
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here on eccasion as shorthand. Strictly speaking, the
objects themselves are the sampling units, and the mea-
suremvents of interest are the sample observations,

Another potential source of confusion is the dis-
tinction between the sampling wnif per se and the phys-
ical smmple manipulated by the measurement proto-
col, For example, a cultivated field may be considered a
population of I-square-meter sampling units, whereas
the measurement protocol may simply call for tak-
ing a 6-centimeter-diameter soll core from the center
of each sample unit. In terms of sample selection, 1o-
tal population size, and so forth, the sampling unit is
a -square-meter plot, but in terms of actual measure-
ments, the sample unit is the core.

The following examples often treat the plot and the
core as equivalent. Treating the core as equivalent 10
the 1-square-meter plot assumes that the plot is homo-
geneous enough that the core accurately represents it.
The distinction is malnly important in the inbtial stages
of developing a measurement protocnl, as it raises the
question of measurement scale: how much of the sam-
pling unit must be measured to achieve the desired
accuracy?

Parameters and Statistics

The sample’s representativeness determines the qual-
ity of the inference of a property of the population
from the sample. Note that assessing representative-
ness requires first defining the characteristic(s) of in-
terest in the population distribution: the center, disper-
sion, symmelry, general shape, and so on. Quantifizble
population characteristics are termed paramelers and
denoted by lowercase Greek letters (see Table A 4L These
are the actual and constant quantities thal characterize
the population that we wanl te estimate through sam-
pling. The sample-based estimators of the actual pa-
rameters arc called staristics and are denoted by Roman
letters. For example, the estimator of the actual popu-
lation mean, @, is denoted by ¥, and the estimator of
deviation of values from the actual mean, o, is denoted
5. A key distinction is that 4 parameter is an unknown
constant, whereas a statistic’s value varbes from sample
to sample and hence is a random variable.

Common Characteristics and
Their Associated Statistics

Center

The most comemon measure of central tendency is the
aritheelic mean or average. The mean is a poor sum-
mary for skewed (.., nonsymmetric) distributions be-
canse (1 s heavily infloenced by extreme observations.
Maore robuit measures for central tendency include (1)
the median, the middie valae of the sored observations
{for an odd population or sample size) or the average of
the two middle observations (for an even population or
sample size), and (2) the trimmed mean, A 10 percent
trimmed mean is calculated by dropping the smallest
10 percent and the largest 10 percent of the observations:
and then calculating the mean of the remaining obser-
vations. The population mean is denoted by p: the sam-

ple miean by ¥ .

Dispersion

The most common measure of dispersion is the weri-
ance, The definition of variance uses the mean, so-
this measure has limited interpretability for skewed
distributions. The variance, a sum of squared values,
is expressed In squared wnits, The square root of the
variance, known as the standard deviation, is more
commonly used since it is measured in the same units
as the mean {see Table A.4). The population variance is
denoted by af, the population standard deviation by o,
the sample variance by 5%, and the sample standard de-
viation by § (sometimes lowercase s 1s used). To distin-
guish the standard deviation of a population from the
standard deviation of a summary statistic, such as the
standard deviation of the population and sample mean,
the latter are denoted by o, and %, , respectively (sze
the sectbon below on the standard error).

Coefficient of Variation
The coefficient of vartation is a unitless measure of rela-
tive variation: the sandard deviation divided by the
mean. CV = ofg and CV = 5/ 7, for the population and
the sample, respectively.
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Table A4 Common Distribution Characteristics, Associated Population
Parameters, and Sample (Measured) Statistics

Characteristic Parameter Sample statistic Example
Size; # of measurements N # k.
Cenler
T — - T 7
Mean u el 18.67
y= ¥
2
Median t Sy W= 2mA] 18.32
| Yu = P ® M n=2m
10% Trimmed Mean o Drrop the smallest 10% 18.52
of the observations and
largest 10%, then calculate
the sample mean on the
remaining ohservations,
Drispersion
Vari e 529
ariance o 52=?’:.EU‘."J'}]
i=]
Standard Deviation o [] 2.3
5=1’:':r Xin-?
=1
Coefficient of Vartation alj Sy 0123
V)
Standard Error o, =alJN 5,=8/+/n 0.38
Shape
Skewness e L5 iy 1163
Gim ™ A

Nores: The sample statistics assume a simple random sample design. The second-1o-last
column shows the sample statistics for the data on soil carbon {metric tons C ha™'} in
Table A5, The sample statistic for the median differs depending on whether the sample
size is odd, n = 2ni+1, or even; the y,, denotes the ai'h smallest observed value (the m'®
rank statistic).
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Tabde A5 Hypothetical Sample Diata Used 10 Cabeulate Sample

Statisties in Last Colurmn of Table A4

1553 | 1955 | 1995 | 2005 | 119 | 1763 | 2288 | 1846 | 2684
| |a_|u] a8 | 2009 | Mo4 | 19 | 2047 | E | ns |;54_E
.E| M2 | 1748 | 1569 [ w1 | 1759 | 1=m | 1673 | 182 |
Lisa8 | 1988 | 2065 | U4 | 2022 | vise | bss | w2 | 0w

Note: Each number represents a measarement of soll carbon {metric tons
C ha™) im 30 oentimeters of core depth at one of 36 randomly sclected plats

wilhin a project anea.

Standard Errar

I an offset propect, the mean value of a sample [s typi-
cally used to represent the quamtity in the population,
such as the amount of carbon that a no-till project
stores in soil or the amount of methane that a manure
project captures. But because the mean value ks based
on mezsurements of a subset of the population, a quan-
tifier must also determine the uncertainty or error in
the sample mean—that is, how different 7 is from & .
The standard deviation, 5, is often mistakenly thought
to be a measure of the error In the mean. That ks not
the case. The standard deviation simply tefls us how
widely the individual measurements in the sample
vary around the mean value and thus how measure-
ments vary from one random observation to another,
It describes the distribution of values in the population
and, at least in principle, does not depend on the am-
ple size or Arategy.

The uncertainty or error in ¥, referred 10 as the stan-
dard error (as well as the standard error of the estimate
or the standard error of the mean) and denoted by the
symibol .5’. is given by

5 =8idn Equation A3
where £ is the standard deviation and » is the sample
$aze.

Thus as the population becomes mare variable and
§ increases, the standard error of the mean also in-
creases. That is, as the population measurements be-
come more dispersed, wusing a limited set of measure-

ments to accurately represent the population becomes.
maore difficult. On the other hand. the error decreases:
if the sample size increases because the investigation is
measuring a greater namber of individuals.

Shape

The most important shape characteristic is symmetry,
measured by skewness (soc Figure AS5). Ofien, skew-
ness is not quantified but simply noted from a graphi-
cal display of the observations. Positively skewed dis-
tributions have long right tails with & few very large
values and a positive skewness parameter, y >0, Nega-
tively skewed distributions have long lefi tails and y <0,
and symmsetric distributions have y = 0.

Many commonty used statistics are reliable only
if the distribution of the population is normal, which
means that it is symmetric. Many populations, how-
ever, are skewed. For example, in the population of
all the trees in the world, there are many more litthe
trees than big trees. Fortunately, techniques for sam-
pling and analysis allow the sample 1o be normally dis-
tributed even if the underlying population is not. This
discussion assumes that the population and sample are
close enough to normal distribution that the statistics
In Table A4 can be directly applied. (For a more de-
tailed discussion of methods for addressing the prob-
lem of skewed distributions, consult an introductory or
Intermediate statistics texthook.)
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Figure A5 lkustration of a pormal (2) and skewed (B) distribution with skewness
parsmeter y > 0. Many populations can be skewed. For example, in the population

af all the trees in the warld, there are many mare little trees than big trees and thus a
phot of this population would tend to look more like (b} than {a). In this figure both
plots are represented as idealized continuous-density plots, with no data shown for
negative numbers. For each plot the solid vertical line marks the population mean,
while the dashed line marks the population median. Because the normal distribution is

symimetric, the mean and medium overlap.

Standard Error, Confidence Levels,
and the Student | Test

The standard error, 5, has a specific statistical signifi-
cance: there s a 68.26 percent probability that the ac-
tual population mean. g, is within one standard error
of 7. That is, there is a 68,26 percent probability that
(F=5,)ep<(F+5,}
There is also an 836 percent probabdliny that

Eguation A1.2

(F-5,)<p Equation A1
and that
(F+3,0=u Eguation A3.4

Equation A3.2 is often referred to as o two-tailed
test; the p must lie within plus (+) and minus (=) one
standard deviation of 7 —that is, it applies to both tails
or sides of the distribution, Equations A33 and A34,
on the other hand, are referred to as one-tailed tests
because they apply to only one tail of the distribution,

Within this context, the probabilities of 68,26 percent
and 83.6 percent are referred to as the two-tailed and
one-tailed confidence levels af the standard ervor. Be-
cause the two-tailed test is more stringent than the
one-taibed test, for a given confidence interval, the con-
fidence level for the two-talled test is less than that of
the one-tailed test for the same value of the standard
deviation,

A quantifier usually needs to know that ofsets ex-
st with at least a certain bevel of statistical confidence.
This book recommends a 90% confidence bevel, The
Student’s 1 est 15 used 1o cabculbate the confidence inter-
val, for a given level of statistical confidence:

Confidence Interval = 1 » .5? Equation ALS

where Sr is the standard error of the estimate and the
value of ris a function the selected confidence level and.
the degrees of fteedom of the sample (see Table Ag).
The number of degrees of freedom is the sample size
minus the number of variables. ¢ values are typically
denoted with the probability in the tail of the distribu-
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tion, With this notation, 1, has 0% of the probabiliny [~ | .. ] T
1 5 07y | 4 | dpis | 25N
in the tail of the distribution, and thus has 90% not in ! l T —
the tail. When performing a one-tailed test, this rvalae 5 | o l adhinal] Wiamidisail B
would give a %0% confidence interval. Subtracting the l_:r | om | ras | wees | 2368
confidence interval fram the mean estimated amount 8 l 4706 L7 1860 | 2308
of offsets gives the amount of offsets for which there isa | 1 1 -
S09% lewel of statistical confidence that the trie amount ! " an E | L )3
of offsers is at least the claimed amount. W { a.700 Lar2 L&z 2318
As an [lugtration, consider the cxample wied fn | losor | 1360 | 196 | 220 |
Table A5 of samples of soil carbon content on project S Err e (EeRILY WY e |
tands, Recall that 7 = 187 metric tons Cha!, 5, =038 | 2 [ oaes | L) e |2 |
metric tons C ha™, and n = 36. For a one-tailed confi- 13 [ oeos | ame [ 1 | s |
dence level of 90 percent, Table A% reveals that e~ 13, .~ _J. P T e e |
and so T 1
I; 069 | LML | 175 | 203 |
5= N3 DI Mg Chal) = TR 1
'y W A% | 1T L7 | L1000 |
049 ~ 0.5 metric tons C ha™f =3 ._| Bt [Brunil] Sl ool |
In oiber words, there probability that | : o Mo Bl
n ather words, there is a 90 percent ity 1 N P P 1
the actual suil carbon content of project lands is greater | ’ e | | s | 2|
than or equal to 18.7=0.5 = 18.2 metric tons C ha™, I 19 0683 | LMS | LTH | 143
Because the mapor concern in offset projects is 1o 0 o687 | 138 | 17as | 2088
avoid overstating greenhouse benefits, quantifiers can I— i T
usually calculate the error in the mean using a one- o | i [l Wi
tailed test instead of a two-tailed test. In most cases, | 2 | beSs | LA | 17T | 20
a confidence level of 90 percent is best. And, as dis- |_u | ness | ius | 1me | 200
cussed in Appendix I, the sampling strategy should be T
designed to achieve an error in the mean of 10 percent | e _...-?'Ei.-l.l.'m_'_ h.lﬂl iz
ot bess at the 90 percent confidence level. Appendix1 | 35 G54 | LN6 | LR | 2060 |
shows how to do that using the statistical concepts cov- % T LIS L706 m-.]
e, I‘D b8 ] L | 1 | rom
B — A
Table A 6: Student § Test: Values of £ a5 a Function af 2 bam | ) Lo | 2o
Confidence Level, Sample Size (r), and Type of Test % oEsy | 3n 1899 | 2045
Confidence level: F 5 | s | 9 I ST 30 o8} | LNO | LeeT | zoaz
eyt )] - b1l [ Dosl | 1303 | 1884 | rom
Confidencelevel: | 50% | BO% | 0% | 95 o R [ Ry
rw-akl pest |
Degrees of SR {8 Rt Bt Mol
Freedom = r =1 ] 0678 | 1204 | 1667 | L1994
1 ] 1000 | 30T | ABM | 11706 # DETE | 1292 | 1564 | 1990
b o8 | 1886 | 2920 | 4303 %0 0677 | 0291 | 1ser | nesy
e 0765 L6X8 | 21353 | ME2 1] 0877 | L1930 Le60 | 1984
4 074l | 1513 l I | 27 = | osm | 1282 | 1sd5 | 1960
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Onee developers and buyers have selected a discount
rate and determined when a project’s costs and bene-
fits will occur, they can cakculate the bevelized cost of
offsets. When costs and 1ons of offsets each accrue ina
single period {but not pecessarily in the same period),
the levelized cost is

' Cost /[(1+d1™) :
LevelizeiiCost = =i Equation A4l
where Cost and Tons are the undiscounted amounts,
d is the periodic discount rate, n_is the n™ period in
which costs occur, and n, Is the n'® period in which
lons accrue.

Comsider the hypothetical projects cited in Chap-
ter 4. One project would deliver W tons of offsets right
now, for a payment of 5100 right now, Because payment
and delivery occur at the same time, the undiscounted
and levelized prices per ton of offsets are the same: $H
per ton, Now compare this with the price per ton fora
project that delivers 12 tons in 10 years, for a payment of
550 in year 3. The undiscounted price for this alterna-
tive is 57.50 per ton, which sounds attractive. However,
now calculate the levelized cost, assuming a 6 percent
annual discount rate and payments and deliveries that
occur at the end of each year:

Cast 1[11+J1%) L S04+ 00081 ) 5 57357

LevrlenedCon
“Temin+dl ) 1AL+ 0080] 60

=§l1.28

The present value of 1he 12 tons delivered 10 years
from mow is only 6.7 tons, pushing the levelized cost to

Appendix 4

Calculating Levelized
Costs and Benefits

$11.28—significantly higher than the cost of $10 per ton
now to obtain offsets now. In this light, the alternative
of waiting M0 years to receive the offsets books consid-
erably less attractive than simply creating or buying
them now.

Analysts often use a discount rate of 4 percent per
year to evaluate public investments. Using the standard
4 percent discount rate to levelize the same steeam of
costs and benefits vields

Costil+ 1] _ $900101+ 0041") _ $8001

Eevcllomiiiuy = Temafil+di™} 1200 *Ilhl:f*] AL

59T

In this example. changing the discount rate changes
the rank of the alternatives. The levelized cost of offscts
shrinks 10 $9.87 per ton—slightly less than the level-
ized cost per ton of the deal that occurs immediately.
All other things being equal, Investors would choase
the option of waiting three years before making their
payment.

Discounting Streams of Costs and Benefits

Projects will often yield offsets and incur costs over
several years. In that situation, anabyits can performs
the calculations for each year and sum them:

T
% Caut, i1+ ')
LevelizedCost = &
¥ Tons, f{f1+ Y}
=0

Equation 44.32
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Appendiz 4

Tahle A.7 Hypathetical Offset Projects with Different Streams of Costs and Benefits (in Tons)

|_ o Pmie;lﬁ. _r  brokas
Discoumted Discounted ; DHscoumed .I-Diy;nu:ned i
Year | Cosl Trns col e Cost Toms il | ban
E | $1000 96154 o | swe | wme 9615 | a,15
2 i $500 $461.18 0| si0a ™ wiie | lv_u.-_ ih
3 T 9800 a 100 0 B9
4 | [ 0 0 pr a 4
5 -._mt_: d -E*.u o 40 0 1288
& e | a 2903 l_--ﬂl:lﬂ 40 23709 R
7 [ 0o 0 799 o i 0
& “_ 100 e n | o 0
9 w | n 702 $500 $81.29 | o |
n $100 W | $6756 6756 oo || 567556 '
Tow | sw | s | seess | ses | s | w0 | suse | wew
Undiscounted Sfon $3.60 F4T6
ST W5 S B R

Nore: The table assunses a 4 percent annual discount rate, and that costs and 1ons acenee at the beginning of each year,

where Cost, and Tans, are the undiscounted amounts
that occur in each period ¢, from period 0 1o period T,
and d is the periodic discount rate.

Consider an example where costs and tons for two
prodects accrue over several years (see Table A7) As
with many offset projects, the costs of Project A occur
near the beginning, whereas most of the tons of offsets
acerue fater. Project B delivers offsets towand the begin-
ning of the project (because project emissbons converge
with baseline emissbons within a few vears) while most
of the costs ocour later.

Project A delivers 30 tons of offsets for $1.800, which
is an undiscounted cost of $3.60 per 1on. Project B de-
livers 420 tons for $2,00d, which is an undiscounted
cost of $4.76 per ton, However, becanse of the timing of
costs and delivery of offsets, the levelized cost s greater
than the undiscounted cost for Project A, whereas the
levelized cost is lower than the undiscounted cost per

ton for Preject B.

Spreadsheet software can easily determine bevelized
costs and benefits if analysts use one line for each ac-
counting period. The discounted costs can be summed,
the discounted benefits summed, and the levelized cost
calculated.

Weighing the Present Value of Offset Rentals

Depending on the market price of offsets, a landownes
may ot be willing to commit to permanently main-
taining offsets or replacing those offscts If they are lost
through unplanned disturbances. However, the land-
owner may be willing 10 commit to creating and main-
1aining offsets for several years. In essence, temporary;
or rented, offsets defer emissions until a later time.
From the perspective of the buyer, or renter, the value
is the cost of offsets now minus the present value of the
cosl to replace the expiring offsets in the future:
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RentalValue, = PriceNow - PV Beplacement =

Price Now _{M]

edf Equation A4.3

Where RentulVialue, is the reasonable value of the
rental of offsets for ¢ periods, Replacement is the price
of acquiring permanent offsets at the end of the rental
period, d is the periodic discount rate, and PriceNow
is the price of permanent offsets now. The rental value
would also be adjusted for transaction costs and risk.
For illustration, assume that the price of permanent
affsets is $10 and does not change, transaction costs are
zero, there is no risk, the periodic interest rate is 4 per-
cent per vear, and the duration of the rental is 10 years:

R{nfuﬂ'ﬂuen =

10 10
- O I =y o [ -
10 [1------';“““ ] f {HS} 10676 = $3.24

As the interest rate rises and the term of the rental
lengthens, the present value of replacing the offsets at
the end of the rental term shrinks toward zero, and the

Table A8 The Value of Offsets Rented for Different
Periods of Time

I e

f | % . LN L.
i Term in | discount | discount | discoumt | discount |
| years | rate e rate ]
[ T T Wy i
| 5 % | 1B% | % | Iw |
——bee— T LT
|10 oW | 3% | oaaw | sawm |
t 1 1
| - T en |
L S Sl S WS —
Im j B8 | sim | oew | W |
| 2 | o | osm | s | omm |
_____ - e e e e o
| aw 6% | om0 |

Notes: This tabile provides rental valoes for different contract
lengths and imerest rases, where the renter pays the ufl
waliwe af the rental at the beginning of the rental period. If
the pumber of offsets remed changes daring the term of

the rental, analyuts would calculate valoe of the rental for
wach pereod, and descount ihose values, and then sum those
discounted values.

Calewlating Levelized Costs and Benefits

value of the rental approaches the value of permanent
offsets (see Table A8

Several factors can change the price a company will
pay to rent offsets—beyond the expected cost of replac-
ing them at the end of the rental perlod. For example,
the renter will add the transaction costs of acquiring
permanent offsets later. Buying offscts before they are
created and renting reversible offsets are both more
risky than buying irreversible offsets that already exist.
If the expected periodic rate of failure equals the dis-
count rabe, the rental has no value.

The Impact of Changing Offset
Prices on Rental Rates

These calculations assume that the cost of perma-
nent offsets remains constant. However, a change in the
price of offsets over time affects the value of a rental.
Consider a situation where the cost of permanent off-
sets rises al the discount rate. Because the present value
of the cost of future replacement offsets equals the price
of permanent offséts today, the value of a renfal is zern.
Transaction costs would make the value of the rental
negative.

Tf the price of permanent offsets is expected to rise
faster than the discount rate, then the value of rent-
als is negative. That is because the present value of the
cost of replacing the expiring offsets is greater than
the cost of simply buying permanent offsets now. If the
price of permanent offsets rises over time but at a rale
slower than the discount rate, then this rise reduces
the value of the rental but does not eliminate it If the
price of offsets falls over time, a rental allows a buyer
1o avoid acquiring expensive permanent offsets loday
and instead mitigate emissions with bess expensive per-
marent offsets later. Thus falling prices of permanent
offsets make rentals of offscts more valuable. & bayer
will generally choose permanent offsets instead of rent-
als if it is cheaper to buy offsets or make internal emis-
sions cuts, In no case will the price of a rental exceed
the price of permaneat offsets today.
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Appendix 5

Categorical Additionality
and Barrier Tests

In many carbon-trading systems, additionality is an
either-or proposition. That is, a project is efther deemed
additbenal and can therefore proceed, or it ts deemed
not additional and cannot proceed. This type of sys-
tem, known as categorical additionality, often relies
on two criteria 1o judge additionality: commercial-use
tests and barrier tesis.

Commercial-Use Tests
Many carbon-trading systems consider projects as ad-
ditional if the offsets they create will stem from “non-
commercial” management practicoes. For example, if a
project installs a manure digester to reduce methane
emizsions, and the cnly other digesters in the coun-
try are demonstration facilities inanced through gov-
ernment grants, then the project is additional because
farmers do not operate digesters commercially.
Different GHG mitigation systems set different
threshobds for what counts as noncommercial, Most
systems require that no maore than 5 percent of installed
capacity, or no more than 20 percent of new facilities
and activities, use the project technology. The defini-
tion of "new” is usually about four or five years obd.
Given the arbitrary nature of commercial use, how
can regulators and offset retailers decide how best to
employ such a test 1o determine additionality? A good
rule of thumb is that the threshold for additionality
should balance supply and demand for offsets so that
their price s reasonable for buyers but they also pro-

vide a worthwhile return for landowners and project
developers. With this approach, regulators would im-
pose strict additionality rules—that is, a low threshold
for defining what is commercial—in relatively small
carbon-trading markets, In small markets, a loose ad-
ditionality requirement would allow many offsets inte
the market that are not additienal, driving down prices
and making the system unprofitable for landowners
and developers,

In large markets that aim 1o facilitate many GHG
offsets, strict addinionality rules can be counterproduc-
tive. That is because they will disqualify many projects
with the potential 1o produce GHG benefits, inflating
the price of the remaining offsets while also dampen-
b effrts o mirigate emisssons. New marketsthat anti-
cipate significam growth might therefore choose strice
rubes for additionality in the beginning and then slowly
relax those rubes as the market grows. Avoiding climate
change will ultimately require large cuts in GHG emis-
siong, and that argues for large markets with relatively
lenient additsonality rules,

Table A9 shows how additionality criteria might
vary for small, medium, and large markets in a system
that allows emitters to acquire offsets from anywhere
in the world. Small markets need to use very restric-
tive criteria, such as categorical additionality, to avoid
contaminating the supply of offsets with those that
do not represent real GHG cuts. As the market grows,
regulators can rely on more flexible criteria such as
proportional additionality, Moderately large markets



302

coubd allow multiple approaches 1o assessing addition-
ality, before eliminating such tests when larger mar-
kets develop, 10 encourage the use of o wider variety of
land- management practices. Very large markets might
choose very lenlent or even no additionality criteria
1o keep the price of offsets reasonable. If regulators
aim to teach emitters 1o track and control emissions—
and trade emissions cuts—in preparation for larger
cuts, they should create rules thar will apply to the later
market.

OF course, even systems with no additionality stan-
dards maest still require propects to establish haselines
to ensure that the offsets they produce represent real
GHG reductions, If projects must use baselines, they
may produce real GHG benefits regardless of the crite-
ria wsed to determine additionality.

Barrier Tests

Under the Kyato Protocal’s Clean Development Mech-
anksm, the most common criterion for additionality
are barrier tears.! With this approach, a project is con-
sidered additional if a barrier prevents most landown-
ers from pursuing project activities or most landowners
prefer other activities, Systems with a commercial-use

Categorical Additionality and Barrier Tests

test sometimes apply barrier tests io projects for which
comparison sites are not available, 1o establish the ex-
tent of a land-management practice. Table ALID lists
barriers that might qualify a project as additional un-
der this type of system.

In theory. a system using barrier tests would judge
each project on its own merits and accept it as addi-
tional only if it faces one of the barriers. However, in
practice, judgments about barriers often depend on:
access o proprietary information and assumpthons
about how the market will behave over the lifetime of
the project. For example. trading systems often con-
sider a lower economic return from a project activity
than from an alternative land-use regime 1o be a bar-
rier. However, showing that a bower cconomic return
will actually occur from a project activity requires a
detaibed analysis of the assets and Anances of the own-
ers of any reference lands, as well as projections of the
costs and revenues of project and non-profect activi-
ties. Regulators usually have no way of checking land-
owners assertions about their required rates of retarn,,
cash flow, and attitudes toward risk, and landown-
ers usually guard such information closely 1o protect
confidentiality.

More imsportanly, the results of that analysis can

Tabde A9 Using Additionality Criteria to Manage Sapply and Demand for Offsets

Market size, | Retiobaweenofict |
affset demand { demand and supply | Additionality criteria
Lmall magkes [ Demand for reduceions | Reguhbw:l&np‘l sirkct crﬂ:lu.?we:lmplr.
(demmand ~ 1008 of millions of | In generally feii than the | categorical additianality requires that practices or
tani per yearl | potential suppiy | technologies be in use an less than 5% of reference

i lands that create produciis) simalar to the project’s.
Medium market Demand for reductions sbout | Regulators adjust criteria periodically 1o reflect markes
(demand - 1-10 billion tons equails patential wipply. Buctuaricns. Fos example:
per year) L. When demand Is relatively small. criteria are simitar

| to these of small markes.
| 1. When demand begins to cutstrip supply,
proportional additionalsty or barrier tests take effect.

Large market

S —

lrren___ o Bl

| Demand for seductions exceeds I Na additionality requirement,
| (demand - 10=15 billion tons potential supply by more than [ bt baseline i still required.

Notex: This example assames that emitvers can scquine affsets worldwide, In mare limited systems with fewer potential offwets,
the definitions of small, medinn, and llrr markets will vary accordingly.
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Appendix §

Table A0 Barriers io GHG Offset Projects That Could
Be Used 10 Establish Addnionality

r
| Barrier category { Barrier description

I- Unclhear ownership rights
| |~ Pooe enfarcement of law,
I | immanre begal framewoek

.r-u —— ——_

i -I!:_'hmnml&mlmdhr
Imvestors amd lenders owing 1o
pour riskireward profile

| =Limited or no access to capital

| owing s pood fanctkaning of

; capital markets

| -Higher pereeived risks associated
with new technology

Technodogy, |
operatian,and |
MmaiAtenans | ~Lack of trained personnel ae |
| | technical and managerial expertise |
=lInfrastrachare changes required |
1 1o |mbegrate oF maintain rew |
| pechnalgy |
| =lnadequate supply of technology
| of ipmnaponiation infrasiruciare I

rrhh:k:nlru:ture | =Price of outputs is below long-run i
| marginal cost of inputs I
[ | =Market disiortions (subsidies or |
|
|

| rules) faves anctber technology |
| ~High transaction costs

Note: This list is mot exclusive.

Ssurce: Adapted fram World Resonrces Institute and Werld
Rasiness Council for Sastainable Development. Table 4
12003),

J

be strongly influenced by its assumptions.” An analy-
sis based on one set of reasonable assumptions may in-
dicate a financial barrier, while an analysis based on
another set of equally reasonable assumptions may
not show a barrier.® * Because of these practical limi-
tations, policymakers, quantifiers, and verifiers should
use barrier lests as a last resort or 1o relax additionality
criteria so offset projects can keep pace with demand,

When performing barrier tests, analysts should use
Information and assuemptions that are as objective as
possible. including third-party assessments of poten-
tial barriers. For example, the Organisation for Eco-
nomic Cooperation and Development (OECDY lssues
Country Risk Classification ratings, which estimate
the likelihood that a country will service its external
debt [hipwwwoecdorgl, and Transparency In-
ternational issues an index of corruption perceptions
(htpsfrwww.iransparency.org). These ratings indepen-
dently indicate the risks that investors in offset projects
are likely 1o perceive.
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Recall that to calculate the offsets credited 1o a project
for each accounting period, quantifiers must determine
the baseline for each accounting period. This is not a
problem I project developers track land-use changes
on comparison lands for each accounting period. How-
ever, such tracking may not be possible because of lack
of access to comparison lapds or long intervals between
publication of land-use data. In that case, project ana-
Bysts must infer such information from limited obser-
vations of management practices on comparison lands
for each accounting period, Exampies of specific types
of projects illusirare this approach,

Afforestation Example: Deriving
Periodic Transition Rates

Suppase a project converts marginal agricultural land
1o forest 1o sequester carbon in biomass. The project
lases 10 years, with 10 one-year accounting periods, At
the start of the project., all comparison lands are used
for marginal agriculture, New information does not
become available until year 19, when it shows that 20
percent of comparison lands have been converted 1o
forest, while the rest are still cropped. Caleulating the
bascline at vear 10 is casy. If we assume that the mar-
ginal agricultural lands sequester no new carbon, and
that all affoerested acres gain the same amount of car-
bon at the same rate, the baseline at year 10 would sim-
ply be 20 percent of the project’s sequestration an a per-
acre basis. (See Equation 5.1 in Chapter 5.)

Appendix &

Using Periodic Transition
Rates to Calculate Baselines

But what about the bascline during the intervening
years? We canmot simply assume that the fracthon of
forested land in the project’s Afth year is half that in
vear 10. The rate at which one type of land ase transi-
tions 1o another is usually proportional to the amount
of land under that particular use:

FRL,=fa, % TR,

where FRL, is the fractional amount of land wse type &
that is converted to some other type over one account-
ing perind (one year in our example), fa, is the fractional
amount of area in the comparison lands that 5 in use &
during the accounting period, and TR, is the so-called
periodic transition rate from use i With Equation 5.1
and observations of fa, at any two points in time, the
following equation can be used to derive the periodic
trapsition rate:

I (4 e
FRE, =1 [['.Gf ]

where fia.? and fa * are the fractions of comparison land
covered by land use i at ¢, the end of the land-use ob-
servation interval, and at &, the beginning of the land-
use abservation interval, and fe-b) is the number of ac-
counting periods {usually years) between the end and
the beginning of the land-use ohservation interval,

It abso follows that after m of the accounting periods.
(year m of the project),

Eguation A5,

Equation A5.2
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Appendix 6

fa™ = fa b« (1-FRLY™ Equation AB.1
and the proportion of the comparison land area that is
converted from use i to some other wse is

Change™ = fa¥ x (1 -{1-FRL =¥}  Equation as4

To apply this methodology, analysts must have data
on cenditions on comparison lands for at least two
different podnds in time. (Relying on more than two
points makes the analysis more accurate but also more
complicated, See below for restrictions on how long
apart the two ohservations can be and when they can
be made.)

In our afforestation example,

Jat =1
g = 08
e=lr = 10 years=1 year = 9 years

Substituting into Equation A6.3, we find that
FRL,,, = [-(0A/L0) = 0024489

Calculating periodic transition rates by hand can bear-
duous, but it bs quite simple with an electronic spread-
sheet program, Table A.11 shows how to do this for our
afforestation example. Recall thatin this example, mar-
ginal agricubtural land is assumed to yield no carbon
sequestratbon, while forests sequester 0.5 10ns per acre
per year. The fractional coverage of exch type of land
use [agriculiure and forest) is calculated for each year,
using the equations in the text and & periodic transi-
tion rate from agriculture to forest of Q04469 The
weighted benefit is the proportion of Land in the partic-
ular use times the benefit per acre. B, the baseline, is
the combined benefit from both types of land wse (that
i%, the sum of the weighted benefits from agriculiure
and forests). The right-hand side of the table shows the
baseline for each accounting perbod, as well as the ac-

crued benefit as the project proceeds.

Further Complications

The simple example above assumed that the amount
of carbon sequestered in forests is the same for all
lands, regardless of how long they have been forested.

However, for affarestation as well as many other land-
management practices, the greenhouse benefit per unit
of input (such as an scre of land or & ton of manure) can
change according 1o how long the unit has been sub-
Ject 1o the practice. For example, tree seedlings typi-
cally sequester a negligible amount of carbon the first
year after they are planted. However, in the tenth year,.
an acre of saplings may sequester as much as 3 wons of
CO, equivalent. To account for such variation, analysts.
should consider the emistions from each tract of com-
parizon lands for each accounting period. For instance,
a tract that had been forested several accounting peri-
ods carlier would sequester more carbon than a tract
that had just been converted to forest. The baseline is
the sum of the sequestration on all tracts. These calcu-
lations sound complicated but are not difficelt to per-
form with a spreadsheet program.

Tracts of comparison lands can also transition
into more than one new management prlcl:'lcc. For in-
stance, in the afforestation example, some compari-
son lands initially managed as marginal agricultoral
plots could become pasture lands, while others could
be newly subject to no-till cropping. In these cases, it
is often easier 1o express the periodic transition rates
for each type of transition as a matrix of probabilities.
Such a matrix is often referred to as o Markey matrix,
after the mathematickan who developed this aspect of
probability theory, For a readable presentation of such
probability matrices, see Stokey and Zeckhauser 1978,

Mo-TillfTill Example: Calculating
Baselines When Transitions Occur
in More Than One Direction

A further complication arises when tracts of compari-
son lands cycle back and forth between two or maore
types of management practices, To establish the im-
pact of such band-use changes on the baseline, analysts
need to track them on each tract during the accounting
period. 1t is not enough to simply track the total frac-
tlon of comparison lands devoted to each management
practice.

Consider a project that moves from plowing 1o no-
till cropping. Comparison lands consist of 20 one-acre
tracts {see Figure A 6). During year | of the project. 4 of
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Table &.11 Dietermining a Baseline for Each Accounting Period Using Periodic Transition Rates, Afforestation Example

Using Periadic Transition Rates

Land-uis 1ype
T . R I
| | | B, flons! 8,
- - | mcre (onscnd
f,  (Chenefn  Weighted C Py (Chencfie  Welghted C | foreach  accrued
| (Fractional in benefis (Fractional  intons/ benefit | sccounting over
Yor | deou. Moley ey | cowp  wm G | et g
| 100 o @ | oo 0% o | woo 0.00
lz | osm 0 o 002 03 o : a1 o
3| oss 0 8 0.0 0s anr | ooz 004
|4 Ir 093 0 0 a7 as i o 007
{5 | om o a 009 0% [T 1) [ KH
i & | s a 0 (15 as T 0
2 'r 86 0 a w4 as oa7 : ant .25
I & | 084 o a 016 05 008 | 008 LR
I g I A2 0 o 018 [E we | o 042
o | om0 0 0 0.20 010 | ] 052
B, = Ruscline cniissbons

Notes: Amounts ane fot ilbastration oaly and will vary widely on individual sites.
Sowrce: Data froen a survey of the lizerature reporied by Smithwick et al. 2003, Appendix C, Feological Arefives, AOI2-012-A N,
available a1 batpo!iwwweaspubs ongfarchbvefappl AT IO Lappendix- C. ham,

20-acres (or 20 percent) are in no-till cropping, and the
remaining 16 acres {or 80 percent} are tilled, During
year |0, 20 percent of the tracts are similarly in no-ull
crapping. Analysts might conclisde that the transition
rate from tillage to no-till cropping is zero. However, if
the specific tracts that were In no-till cropping in year
1 are not the same as the tracts in no-till cropping in
year 10, this conclusion would be incorrect. In fact, Fig-
ure A6 revezls that only one of the four tracis in no-
till cropping during year 1 remained bn no-till cropping
during year W Use of Equatkon A6.2 yiclds a transi-
tion rate from no-tiil to il cropping of 04, OF the 16
tracts plowed in year 1, three are not tilled in year 10,
This yiclds a transition rate from till to no-till cropping
af 0023, The transition rates differ because the initial
fractions of tilled and no-1ill lands in cach accounting

period are different, and the rate of transition is pro-
portional to amount of land in that specific use (See
Equation A6.1).

Table A12 shows how analysis might use o spread-
sheet program to caloulate the baseline in this no-till/
till example. Fractional coverages for no-till and tilled
tracts must be cabeulmed for each new tract as well as
the remaining tracts. Note also that whereas 20 percent
of tracts are in po-till cropping ot both the start and
end of the project, less than 20 percent are in no-till
cropping in the imtervening vears, Thus the baseline is
slightly lower than if analysts did not account for this
transition,
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Figure A6 Land-management practices on hypothetical comparison lands used 10 establish
the baselise for a no-till project. The comparison lands consést of 10 one-acre tracts, each
indicated by a box. Management practices for each tract (grey for no-2311 ane white for 1l
are Mlustrated for years | and 10 of the project. While years | and 30 have the same number
af baxes in no-till, there Is neverthcless a non-zero transition rate from no-till to il becanse

the locations of the boxes have changed,

How Far Apart Can Land-Use Observations Be?

Measurements of kand conditions made mare than a
decade apart are unlikely o be useful. On the other
hand, measurements at least three to Gve years apart
can smaath out year-to-year variability in GHG emis-
sions and carbon sinks on comparison lands that may
ot be representative of the entire region. However, I
@ lamd-use sector b5 changing dramatically, apalysts
should base the rate of change on information gathered
oaly two years apart. If the most recent infarmation is
at least five years obd, analysts shouled assess whether
the rates of change they ohserve are likely to be simi-
lar to ewrrent rates. I the first messurement oocurred
more than B years before the siart of the project, sig-
nificant changes in the economics of producing project
poods can make the information unreliable.

Ideally, land-use observations are made close 10—

If mot exactly coincident with—a project’s accounting
periods, Extrapolating transitions well beyond the last
land-use observation is especially risky. The formula-
tion used to describe transition rates is asymptotics that
is, thode rates approach 0 for the proportion of land re-
maining in the original state, and 1 for the proportion
of land in the new state. Thus, using the equations for
time perinds much longer than the actual observed
interval can lead to resalis that are far from reality,
Baselines with smaller periodic transition rates are less
likely 1o be wrong by a given amount than baselines
with larger rates. Moreover, baselines should not be
considered reliable for mose than 15 or 20 years without
land-use measurements spanning the project period.
I a project s scheduled to run longer than 20 years,
the baseline shoubd be recalculated using new land-use
data when the project ends.
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Using Perlodic Transition Rates

Tabse A12 Calculating the Baseline with Tracts Cycling betwren Mo-Till and Till Cropping
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Appendix 7

Typical Carbon Stocks
in Forest Pools

In this appendix, we review the types and characteris-
tics of the various stocks or pools of carbon that must
b knventorbed bn a forest project.

Live Trees

Tree blomass is usually the carbon pool with the largest
potential for sequestration. On sites that have been re-
cently clear-cut, grasstand, and agricultoral sites, live-
tree biomass is essentially zero. In woodlands, because
of wide tree spacing and small tree sizes, carbon stocks
are generally not more than 20 to 40 metric tons of car-
bon per hectare (Mg C ha™'). The exception is wood-
lands where herbivory, fire, or another condition lim-
its tree establishment but available water and nutrients
allow conmon Lree species to grow to substantial size.,
Examples inchude some troplcal acacia savannas and
western U5, ponderosa pine woodlands.

In forests managed for timber, carbon in five trees
generally does not exceed 30 10 100 Mg C ha™ (Bird-
sey 1996], In undisturbed mature temperate and tropi-
cal forests, typical carbon stocks are 100 10 200 Mg C
ha™! {Houghton 19990, Stocks can be much greater in
some moist forests that grow very large trees. Live-tree
carbon in 450-year-old Oregon Cascade Douglas fir
forests was measured at 384 Mg C ha™!, and live-tree
carbon in 150-year-obd Oregon coastal hemlock-spruce
forests was measured at 626 Mg C ha™ (Smithwick et
al, 2002). The global maximum live-vegetation blomass
probably occurs in old-growth stands of coastal red-

wood forest (Sequoia sempervirens) along the coast of
northern California, One stand older than 1000 years
wik calculated having a stem biomass of 3461 Mg C
ha {Waring and Franklin 1979,

Standing Dead Trees

Standing-dead-tree carbon varies tremendously as a
function of climate, forest type, stand age, and distur-
bance histery. In young, planted forests, and forests
with aggressive thinning, carbon stocks in stapding
dead trees can be almost nil. In forests where wind is
the primary disturbance agent, carbon stocks in stand-
ing dead trees will also be small. Examples of U5, for-
st types where carbon in standing dead trees is often
close 1o zero are spruce-fir forests in the Northeasi,
oak-pine forests in the northern plaing, planted pine
forests in the Southeast, and red alder forests in the Pa-
cific Northwest (Smith, Heath, and lenkins 2003

In other cases. carbon stocks in standing dead
trees can be large. Although standing-dead-tree car-
bon stocks of 0 10 20 Mg C ha™ are typical in LS.
forests, stocks of up to 50 Mg © ha™ are not extraor-
dinary (Smith, Heath, and Jenkins 2003). After a wild-
fire, dead-tree biomass can be 90 percent or more of
the live-tree biomass immediately before the fire, This
Is because fires almost never consume the boles of Live
trees. Live trees that experience even hot crown fres
usually lose anly their foliage, fine branches, and some
of the bark on the trunk.
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Woody Debris

Carbon stocks in coarse woody debris are highly vari-
able across forest types (see Table A.13). In the major-
iy of forest systems, most dead trees do not completely
decompose standing up. Instead, they fall and become
conrse woody debris. Some stands, however, have al-
mpost no such debris. Stands with low woody debris bev-
els inchude young and mature stands afforested from
open land, stands that have been intensively managed
for several decades in a way that remaowves dead and
dying trees, and stands with very fast decomposition
Tates.

Young and mature stands established on open land
have no legacy of woody debris from a prior stand,
In intensively thinned stands, and stands where dead
and dying trees are often removed, wood that would
have become coarse debris is harvested. Some species
decompase quickly, and some forests have generally
high decomposition rates. In some tropical forests, the

Tabde 8,13 Typical Live and Detrital Carbon Stocks of
Selected Vegetation Types

| Vegetation | Detrities
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Typical Carbon Stocks in Forest Pocls

bulk of fallen tree biomass is shredded and is o longes
coarse debris within three years after it falls to the for-
est finor,

Several factors can produce large stocks of coarse
woody debris. Such stocks can be substantial immedi-
ately after harvest. Harmon, Garman, and Ferrell {1996
report woody residue rates afier the harvest of US. Pa-
cific Morthwest mature and old-growth forest in the
range af 36 to 52 Mg C ha™' (assuming that biemass is
half carbon), Forests where trecs grow large and are nog
harvested {particularly where tree species have decay-
resistant wood) can accumulate large stocks of wody
debris, Krankina and Harmon (19494) report stocks in
the range of 18 to 75 Mg C ha™ in old-growth forests
in the U5, Pacific Northwest, Cool temperatures show
decompaosition, and boreal and alpine forests can ac-
curmulate karge stores of woody debris, Extreme wel-
ness and extreme dryness also slow decomposition.
Peat bogs are the extreme case: decay is slower than the
rate of input, and vegetative material accumulates in-
definitely. In dry forests, stocks of woody debris that
does mot burn can be substantial compared with stocks
af live-tree hiomass.,

Litter

Studies of carbon on the forest fleor often inchude both
undecompased litter and decomposed organic material
above mineral soil, Litter is undecomposed and mink-
mally decomposed vegetative material on the surface
of the ground, including foliage. twigs, bark, and seed
cases. Some forests have layers of partially decomposed
duff or esganic soil borizons composed largely of hu-
midified organic material. There is no standard defi-
nition of what assessments of carbon in livter and on
the forest floor should inclode. Studies of litter and
fine debris have wsed maxtmum piece dinmeters from
& millimeters to 10 centimeters in diameter (Harmon
and Sexton 1996) If measurements of carbon stock
on the forest floor inchude duff and organic horizons,
live roots above a specified size are remaved, As with
woody debeis, there is no standard minimum size, but
studies often remove live roots greater than 2 millime-
ters in diameter.

Carbon stocks in litter vary by time of year. In most
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forests, between hall and pearly all of annual litter in-
put decomposes within a year. In many closed-canopy.
seasonally deckdwous forests, litter stock s close 1o zero
at sorme pelnt each year. The dynamics that drive stocks
of litter and coarie woody debris overlap. If not dis-
turbed for many decades, forests with slow decompo-
sition rates can accumulste substantial carbon stocks
in organic kayers (Grier et al. 1985 Means, MacMillan,
Cromack [992),

Understory Yegetation and Shrubs

Carbon stocks in understory vegetation and shrubs
are usually small. less than 3 Mg C ha™' (Birdsey 1996,

Smithwick et al. 2002) On sites where species classi-
fied as shrubs form the overstory, rather than the un-
derstory (and where these species grow in dense stands
that are several meters tall, with stems several centime-
ters in diameter), carbon stocks can reach 30 Mg C ha™
(G, Srith, unpublished data, 1999). If shrub species are
mieasured separately from species that may grow Intc
larger trees, then the shrub category can store moder-
ate amounts of carbon.
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The methods and protocols used to measuse the carban
in subplots are covered here,

Trees

To begin biomass field measurements after marking
plot boundaries, establish a subplot with a 2.52-meter
radius around the plot center. Correct all horizon-
tal measurements for sbope if it is greater than 10 per-
cent {see Appendix 11). Warking clockwise from map
north, for each stem where the center of the tree trunk
at ground level is within the plot and the stem’s diarme-
ter at breast height is at beast 3 centimeters, record the
followling: species code, diameter, height, top dizme-
ter, and vigorfdecay class. (Diameter at breass height,
or dbh, is 1.37 meters above the forest foor on the up-
hill sice of the tree.) Measure the top diameter of bro-
ken trees using the optical dendrometer. Include all
live stems, snags, and stumps of the size class included
in the subplot, Snags and stumps are defined a5 dead
plants with woody stems still attached to their roots,
where the roots are mosly in the ground, and where
the growth axis is within 435 degrees of vertical (stumps
are very short snagsh. When stumps are less than 1,37
meters tall, record the actual top diameter, not the esti-
mated diameter at 1.37 meters of height.

Establish 2 subplot with a 346-meter radius centered
of the plot center, shope-corrected as necessary. Work-
ing clockwise from map north, for each stem originat-
Lovg within the plos that is at least 15 cm dbh, record the

Appendix &

Protocols for Measuring
Carbon in Subplots

following: species code, diameter, height, top diameter.
and vigor/decay class. Include all live stems, snags, and
stumps.

Establish a subplot with a 1784-meter radius cen-
tered on the ploa center, slope-corrected as necessary.
Waorking clockwise from map north, for each stem orig-
inating within the plot that is at least 30 cm dbh, record
the fellowing: species code, diameter, height, 1op diam-
cber, and vigoridecay class. Include all live stems, snags.
and stumps.

Field crews may find it more efficient 1o record ali
live trees on a subplot of a given radius and then 1o re-
cord snags, especially if the plot includes many stumps
or ather short inags.

Litter

Destructive sampling requires special care to mini-
mize the possible effects on later remeasurements. [F
sampling aims to determine project-specific factors,
such as the densities or carbon content of dead wood,
this sampling should occur outside the subplots used
1o measure changes in biomass, Within soch subplots,
destructive sampling should be minimal and limited
1o carbon pools that will ot affect the change in car-
bon stock. For example, destructive sampling of tree
seedlings should be avoided because it might reduce
tree density later, thus reducing biomass, Nondestruc-
tive measurements are often quicker to make and thus
bess expensive.
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When remieasuring biomass on plots with previous
destructive sampling, crews may have to move the loca-
tion of destructive sampling points, For example, sam-
pling seil entails 1aking multiple cores from points ina
specified arrangement around the piot center. During
resampling. crews should take cores from points be-
tween the points initially sampled. Howewver, if the
sampled pool turns over almost completely between
sampling times, destructive sampling may have little
impact on remeasurements. For example, more than
90 percent of Jitter in many moist lemperale syslems
decomposes in fewer than three years. If crews mea-
sure litter a2 the same locations only every five years,
the previous measurements should have lintle impact,

The protecal in Chapter & calls for sampling litter
from a 0.5-meter-by-0.5-meter subplot. AL the liter
from the subplot is gathered and weighed, and & rep-
resentative subsample is selected and weighed in the
field. The subsample is then taken and dried to yield
a ratio thar conwerts fiebd weight to dry weight. Crews
should redistribute the litter they do not remove across
the subplot to minimize alteration of plo dynamics.

If the litter, microclimate, and weather are congis-
tent from plot te plot, then crews do not have 1o sub-
sample litter on every phot. However, il any of these
influences does change, crews should subsample lit-
ter on all the plots because the ratio of dry weight 1o
wet weight can change quickly and dramatically. Some
decayed organic material can absorb more than four
times its dry weight in water, or it can dry in the field
1o nearly dry weight, A rainstorm can change the dry-
to-wet-weight ratio from greater than 0.85 to less than
0.2, Failing to obtain a plot-specific ratio can mean that
the estimate of carbon stock in litter is off by a factor of
fawr.

Chapter 6 recommends classifying all fine organic
material on the ground above mineral soil—inchuding
loost, undecomposed leaves, twigs, bark, seeds, and
other identifialde plant parts—as litter, Litter usually
abso includes dulf: matted, parily decomposed plant
parts that are still readily identifiable with the naked
eye. Duff is the same category as the Qe arganic soil
horizon (see below)

Some phots have a layer of decaved organic mate-

rial below the undecomposed litter and duff and above
mineral soil. Soil scientists divide this dark-colored
material into the Oe organkc horizon of intermediately
decomposed (hemic) material and the Oa organic ho-
rizan of highly decomposed (sapric) material. A bit of
this decaved organic material rubbed between thumb-
and forefinger fecls smooth, A bit of mineral soil—
except for clay—{eels gritty. Moat sites do not have lay-
ers of decomposed organic material, 1§ a significant
amount of the Oa horizon exists within the project
area, the sampling protoce] should include a procedure
for separately measuring this layer.

Careful fieldwork is essential. It is especially im-
poctant to avoid inchding mineral sofl when sam-
pling linter, This hazard is bess of an kssue when crews.
are separating minimally decomposed material from
an O horizon, but it is harder 1o avoid when decom.
posing chunks of weod are partly buried in mineral
soil. Litter often is loose or forms a mat, In either case,
field crews can wsually lift it gently off the underlying
soil, picking up stray pleces individually. Crews should
clean the mineral soil of partially buried pieces of lit-
ter before packaging them with the rest. They can bang
solid pleces against a tool to knock off the soll. Crews
are reduced to brashing, picking, and blowing seil off
less-than-solid pieces. Those pieces that are mare than
half-buried in mineral soil are classified 25 buried and
sampled with the soil, not the litter or organic layer.
Soil experts must teach technicians how 1o separate the
O horizon from underlying mineral horizans,

If the locations of subplots change from one mea-
surement lime 1o the next, quantifiers must consider
variability in these locations. For example, in some
forest systems, substantially more litter collects in de-
pressions that are a few centimeters deep and tens of
centimeters across than on higher locations, Moving a
0.5-meter-by-0.5-meter litter subplot 1 meter sideways
can significantly change the amount af litter that crews
will fid. Howewer, this should not be a problem for
forestry projects because litter Is usually a small car-
bon pool, s increasing the variability of livter mea-
surements will have a negligible effect on the precision
of the overall measurement.

Disturbance can sometimes significantly change
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the stock of decomposed organic material on the forest
floor that is above mineral soil. This material generally
accumulates showly, and disturbance Increases respi-
ration, which can decrense the amount of carbon, On
mastsites, thisdisturbance is not a problem for repeated
measurements because the total stock of decomposed
organic material is small. However, on sites where de-
compodition rates are very slow because of nutrient
limitatbons, pH, moisture, cool temperature, or some
other reasan, the stock of decomposed organic material
can be high. On such sites, resampling should occur st
Iocations that have not been previcusly sampled. Toav-
erage oul fine-scale variability, it may be desirable to
use 3 coring system similar 1o that described in Chap-
ter 7 far sampling sail, instead of a single subplot.

Woody Debris

Unless a site has extraordinarily sbow decay rates, small
pieces of woady material and decompased organkc ma-
terial will never form a great mass, and an efficient
sampling design will devote little time o measuring
such material. One way to speed measurement ks sim-
ply to count the aumber of pieces within a particular
size class, rather than measring the exact diameter or
length of each phece. Quantifiers then use the median
size to caleulate the mass for each class. This approach
is valid for fine debris and small live woody planis.

Counts of pleces within a size class proceed quickly
if crews use calipers or size gauges. Gauges can be of
fined size, with ane gauge for each class boundary.
Pushing the giuge against a piece instamtly reveals
whether it is larger or smaller than the size lmit (see
Figure A7), Gaages can be siepped, with smaller sizes
in the throat of larger openings. Stepped gauges are
pushed against the material until an opening Is too
small for the material to fit inside. Gauges can be made
for the desired thresholds so there is litthe confusion
s bo whether the gauge in a field technician’s hand ks
the desired size. Gauges can be fabricated from sheet
mctal thick enough to resis: bending under the abuses
of fieldwork. A string tethering the gauge to a techni-
cian’s field vest reduces the chance that it will be lost or
stepped on,

Protocols for Measuring Carbon in Subplots

Alternative methods for measuring coarse woody de-
brisappearin Harmon and Sexton (1996, Brown (1974},
and van Wagner (1968), Another common method is to
easure the length of each piece of coarse woody de-
bris and its diameter st each end aned then compute the
volame as & section of a cone. However, this method is
not recommencded because it takes longer than the sug-
gested method, IF the transects used to measure woody
debris are long enough to cross multiple pieces, and the
sampling system measures debris along several doven
transects, the suggested approach is almost as accurate
as the mare labar-intensive method.

Harmon and Sexton (19%96) recommend transects
at leasy M) meters long because spatial distribution of
woody debris s patchy. Field crews can quickly estab-
lish & HKl-meter transect by running lines 25 meters in
each cardinal direction from the plot center, Even in
staruls with relatively small amounts of cosrse woody
debris, 100-meter transects yiekl a small standard er-
rar when only a few dozen plots are measured, Two
short transects that meet st a right angle reduce possi-
ble sampling bias, especially if the orfentation of coarse
woody material is not random (van Wagner 1965). This
is not just a theoretical problem, In forest types where
wind is & common agent of tree mortality, the orienta-
thon of fallen tree trunks tends to be correlated. 1 a sin-
gletransect is parallel to the main disection of tree fall,

Figure A.7 A 5-, 3 and l-centimeter caliper wsed to
measine woody stema | to 2 centimeters in diameter,

Counts of woody pieces can be expedited by using




315

Appendiz §

wondy debris loads would be undercounted, IF a single
transect happens to be perpendicular to the main di-
rection of tree fall, woody debris would be overcounted.
Placing two transects at a right angle on each plot re-
duces this potential bias. In forests with consistent de-
bris distribution, somewhat shorter transecis may be
acceptable,

Logs generally become elliptical in cross section as
they decay. Field crews can measure the maximum and
mindmum diameters of such logs with minimal diffi-
culty. Decomposed debris is typically resting on the
ground, and it is not possible to get a diameter tape
under the piece, however, Strictly speaking, diameter
tapes overestimate the cross-sectional area of ellipti-
cal picces, but when crews are measuring live trees, the
actual error is small (Parker and Matney 1999), Using
a We-centimeter adpustable caliper enables crews to
aveid parallax, which easily occurs when they hold a
measuring tape in front of a piece to estimate its wedth.
Technicians can minimize parallax if they sight along
a line perpendicular to the distance they are measuring
fo align the zero point on a tape measure with one edge
of the phece. Technickans then move their head to saght
along another line parallel to the original line, with the
second line tangential 1o the far edge of the piece, and
find the diameter by reading the tape.

1§ crews measure the diameters of the endds of each
plece of debris and piece bength, they should treat each
plece as I it ended at the plor boundary, or they will
overestimate the amount of woody debris. Using a
tape measure with its zero point at plot center to es-
rabdish coarse woody debris transects is efficlent, and it
is wseful later for locating the boundaries of tree plots
and Jocating shrub and litter plots. When establishing
transects for coarse woody debris, crews should mark
the boundaries of subplots more than about 3 meters
from the plot center. They can measure shrubs and tree
seedlings immediately after woody debrie, while the
location of the debris transects are still fresh in their
mind.

Soll Organic Layer

The default protocol assumes. that there s no layver
of decomposed organic material below the litter and
above mineral soll. However, some sites have such o
layer, and the protoce] should inchude a separate mea-
surement of it becanse such layers can contain huge
amaunts af carbon.

Sites that are often disturbed by plowing, fire, or
other agems do not have an organic layer because i
forms showly and can be destroyed quickly, Sites with
fast decomposition rates usually do not form an or-
ganic layer, Seil horizons of decomposed organic mate-
rial generally ocour in forest and wetland aress, when
cold temperatures, molsture saturation, low pH, andl
nutrient limits show decomposition and allow an in-
put of plant material. Special cases are peat and muck
soils. Peat is a bulldup of minimally decompased plant
raterial, whereas muck is black. decompased arganic
material. Under certain combinations of acld condi-
thons, low autrient availability, high moistore, and low
disturbance, plant material can accumulate as layers of
peat or muck several meters thick.

If a decompaosed arganic layer ks present on the for-
et floor and incheded in sampling, then the material
should be measured separately because its carbon con-
tent is substantially ditferent from that of undecom-
posed material. To measure the decomposed organic
laver, field technicians should take 16 depth measure-
ments in an evenly spaced grid pattern spanning the
litter subplot. The technicians should wse a trowel to
cut a vertical slice through the layer and use a rule
to measure the thickness in centimeters. Quantifiers
then search the literature for a density facior for the
particalar type of material present, as reported in fire
fuels publications and ecological studies, Carbon mass
is density times depth times area, (For more details, see
Chapter 7.)
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Stocking surveys determine the extent 1o which tree
species of interest cover a specified area. Such surveys
usuably aim 1o measure the survival of plamed seed-
lings, but they may also aim to measure natural re-
generation of even coverage of mature trees. Measure-
ments of forest carbon stocks often occur only every 5
or 10 years. However, developers often need fo deter-
mine if the project is proceeding according 1o plan—
thiat is, that the anca is substantially covered by healthy,
growing trees—during the Intervening vears. Stocking
surveys can provide a quantitative measurensent of the
number and distribution of trees. Surveys measaring
the number and distribution of newly planted seed-
lings are especially important. For well-established
trees, visual surveys may be moee cost-effective, with
a stocking survey performed if the qualitative survey
indicates that stocking may be inadequate.

The rarget stocking density is a Tunction of planned
stand development, The acceptable range is based on
knowledge of how individual trees and stands of trees
develop on similar sites, the expected rate of tree mor-
taliey, and the desired level of competition among trees.
Mortality does not occur linearly with age or tree size,
and expert judgment is required to assess site condi-
tions, risks, and goals, as well as to determine when a
stand is considered adequately stocked and annual sur-
veys can end.

Stocking surveys should provide two kinds of infor-
mation: an estimate of the total pumber of trees and
the proportion of growing space that they occupy. Such

Appendix 9

Using Stocking Surveys
to Monitor Forest Projects

surveys can also provide the number of trees in each
species.

The basic approach is 1o coumt the number of
Ivealthy trees on several dozen small plots, Plots should
e small for three reasons. First, it is easy 1o miss indi-
vidual seedlings or to double count seedlings on plols
with a radius greater than about 4 meters. Ona circular
plot with a flag placed at the plot center, a field techni-
cian can walk in a circle halfway between the plot cen-
ter and the plot edge, moving his or her focus from the
plot center to the plot boundary and back. Technicians
can easily miss small seedlings if looking more than
2 meters to each side. Sites with dense shrub or grass
cover will require a more thorough search,

Second, when determining the proportion of grow-
ing space that is occupled, plots should be about the
size of the tree of interest. Then the proportion of plots
occupied by trees or seedlings indicates the proportion
of the total growing space that is stocked. For examgple.
suppose that the target stocking for a site is 300 irees
per hectare, If ploss are 1/500 hectare each, the propor-
ticn of plots occupied by at least one tree gives a good
indication of the proportion of the available growing
space that is pccupicd. A 11500-hectare circular plot has
a radius of 2.52 meters.

Third, small plots keep down the cost per plot, en-
abling developers to measure many for a modest total
cost. Mots take only 2 minute or two o measure, and
one person should be able to measure at least a few hun-
dred phots well distributed over several hundred hect-
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ares in one day. Unbess troes are at a very low density
relative to the chosen plot size, or in a spatially clumpy
distribution, 104 plots should give a 90 percent confi-
dence interval that is not more than 10 percent of the
mean estimated tree density,

Plots for stocking surveys are usually temporary,
and they must be widely distributed across the area
and located randomly, It is efficient 1o randomly start
sampling along a line and then to sample at a standard
interval along that line. The line can begin at the point
of access 1o the area being sampled. It may be efficient
1o sample along several parallel lines or in some other
pattern 1o cover the area. Lines may follow compass
bearings, or in open Lands, crews may locate them by
traveling straight toward a distant landmark.

Dividing the total area to be sampled by the target
number of plots gives the area represented by each plot.
This guides the choice of distance between plots. Find
the area represented in each plot in meters squared,
and find the square root of this number, [f transects are
equally spaced across the entire project area, and the
plots are equally spaced on each transect, then the plos
would be the calculated distance apart, For example,
suppose that 100 plots are to be installed in an even grid
acrods a 100-hectare project area, One hundred divided
by 100 is ane, 30 each plot represents an area of | hect-
are, One hectare is an area of 10.000 square meters, The
saquare roel of 10,000 §s 100, so plots would be 10640 me-
ters apart. In practice, transects that are not evenly dis-
tributed can still provide good estimates, They should,
bowever, be far enough apart so that the trees on one
plot have only a negligible impact on trees onany other
plot. Plots should be a1 least 30 meters apart anless the
goal is an unusually high sampling intensity.

1f vhe goal is to measure stocking of interplantings
i an ares partially covered by established trees, plots
should be outside the areas covered by existing trees.
If the canopy of an existing tree covers any part of a
plot, crews should move the plot center away from
the tree until the entire plot is in the open. If existing
trees are 1oo dense for the plot to be in the open, crews
should continue along the transect untif they reach an
open site, (This approach works only for determining
whether gaps in existing forests are being filled. not for
measuring total tree cover.] Do not move plots because

they fall on brush clumps, debris piles, rock outcrops,
roads, streams, or any other non-tree cover. The goal is
o measure what exists, not an idealized version,

After measuring a plot, return to the plot cender,
relocate the bearing, and walk the specified number
of paces to the next plot center. If check crutsing will
occur, (lags can be left and the bearings and starting
points recorded. Otherwise, an entirely new stocking.
survey can be done to determine whether the mean es-
timated result of the two surveys Is similar.

Except in very steep areas, technicians do not have
toadjust the distance between plots to correct for shope.
If the area ks very steep, locating transects so they gen-
erally traverse glopes can minimize climbing. However,
care must be taken to sample ridgetops. midslopes, and
valley bottoms moughly in proportion to the propor-
tion of the site they occupy. If the sbope of the transect
is generally less than 50 percemt {even if the terrain is
stecper), and if transects are run until they reach the
far side of the area rather than a specified number of
paces, not correcting for slope will not substantially
clump the plots.

Field crews can quickly determine whether a seed-
ling is inside or outside a plot using a tape of the exact
fength of the ploa radius, and attaching cne end of the
tape to a stake. Place the stake at the plot center, and
stretch out the tape to determine the location of the
plot boundary. Distances should be slope-corrected for
slopes greater than K percent, Crews can then tally the
number of healthy trees an the plot.

The protoce] should specify the approach 1o Jocat-
ing transects and determining the distance along trap-
sects between plots, the minimum number of plots to
e measured, and the specics or species groups 1o be
tallied separately. The protocod should abso specify if
plot centers are to be flagged for check cruising, along
with how to decument the start of each transect.

In additan, the protocol should define what quali-
fies as a healthy tree. Healthy seedlings usually have
complete, green-colored foliage (not chlorotic), no sigm
of dizease, unbroken stems, and only minor herbivory
damage. In healthy seedlings, the ratio of leader growth
to lateral growth is greater than L. Healthy seediings
may be free o grow or overtopped —meaning nearby
vegetation substantially blocks direct sun from reach-
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ing the upper part of the seedling. A scedling is also
considered overtopped If nearby vegetation Is growing
much more rapidly and is likely to overtop it in the fu-
ture. A seedling can be classed as “free to grow™ if it
is healthy, is not overtopped, and has survived a mini-
mum of three growing seasons. Individual seedlings
must also have good form and a high probability of
remaining or becoming vigorous, healthy, and domi-
nant aver undesired competing vegetation, [f browse
damage is a risk, quantifiers may require that trees at-
tain a minimum hetght, such as 2 meters, before being
classed as free 1o grow.

The analysis of field data is relatively straightfor-
ward. The data are entered in a spreadsheet program.,
with separate rows for each plot, separate columns for
each species or species group tallied, and a column for
the total number of seedlings on each plot. If the goal
13 1o find the proportion of growing space occupied,
count the number of plots with ar least one seedling
present. If the goal s 1o find the density of seedlings of
each species, find the mean density per plot. Common
spreadshest programs can calculate confidence inter-
vals, Then scale up 1o the anit of interest, usually hect-
ares or acres, by multiplying by the number of plots.
For example, if plots average 15 trees, plots are 1/500
hectare each. and the goal is to find the number of trees
per hecrare, multiply the number of trees per plot by
500. Tn this case, the mean estimated namber of trees
per hectare is 750 Depending on the project, the us-
ers of survey data may be more interested in the mean

Using Stocking Surveys

estimated stocking or the bower bound of a confidence
interval.

Quantifiers can estimate the mortality of plantings
by subtracting the number of surviving live seedlings
fram the number planted, Unless trees are planted a1
evenly spaced intervals, counting dead or missing seed-
lings is not a reliable way 1o estimate mortality.

Stocking surveys are an efficient way of assessing the
effectiveness of efforts to establish trees. 1f 3 survey in-
dicates that stocking is somewhat lower than the tar-
get rate, it is best to either measure move plots or per-
form another survey to determine whether the first se1
of plots happened to land in spots with unusually low
stocking.

If the goal is to assess the stocking of larger trees,
aerial photographs or satellite imagery may be useful
sources of information. Quantificrs can assess stocking
by overlaying the photograph with a relatively fine grid
and counting the proportion of grid cells that are more
than half covered by tree canopy. (Avery and Burkhart
1994 describe this method.) Quantifiers can use the
same method to manually analyee remotely sended
imagery with pixels smalker than the width of the tree
canopy, such as images with a 1-meter or 2-meter reso-
lution. Cruamtifers can vse vartous algorithms 1o ana-
hyze satellite imagery with pixels somewhat larger than
tree canopies, such as images with a W-meter to 50-
meter resohution. Satellite imagery with coarser resalu-
tion provides less reliable information on the propor-
tion of tree cover.
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Appendix 10

Determining the Density
of Woody Materials

Some of the biomass equations used to convert physi-
cal and chemical measurements of forest specimens to
total carbon content require knowledge of the density
of the specimens. (Density is defined as the mass of an
object divided by its volume, and typically is in grams
per cubic centimeter) When quantifying forest car-
b sequestration, analysts need density if equations
return volume instead of mass. Published literature
can often provide the density of a particular material.
1f that information is not available, analysss may have
1o measure the density, This appendix describes how
to do 50,

Analysts find the density by sampling specimens.
measuring the dry weight and volume of each, and di-
viding the mass (or welght) of the sample by i1z vol-
ume. Biomass equations often report and use density
a5 a specific gravity, The specific gravity of a substance
is samply density divided by the density of water. Be-
cause the density of water is | gram per cubic centime-
ter, the specific gravity of a substance is just a short
hand way of expressing the density of that substance
in grams per cubdc centimeter without having to write
down the units. Expressing density a1 a specific grav-
ity, therefore, requires calculating it in units of grams
per cubic centimeter. For example, if wood is measured
in pounds per cubic foot, divide by 6243 pounds per
cubic foot 1o get the specific gravity.

Trees

Densities of a variety of parts of trees have been
published—maost for stem wood, but seme for stem
bark. The densities of other tree components are usu-
ally not available, This section describes a method for
determining tree density if one bs not available. Al-
though this method is for wood and bark. it can be ap-
plied to stems, branches, and roots. A similar method
can be applicd to foliage.

Although trees vary in the proportions of biomass
that occur in their different components, wsing a den-
sity calculated from tree boles provides acceptable re-
sults, The wood of tree branches usually has a some-
what higher density than stem wood (McAlister et al.
2000}, Bark density varies widely by species, but a trec's
bark is usually less dense than its wood, so studies
that develop tree densities should inchude bark. Roots
and foliage are wsually measured by mass, not volume,
0 density measarements of follage and roots are not
needed 10 caloulate carbon stocks in these components.
Analysts can extrapolate density that ks correct for stem
woad and bark 1o the entire tree.

Because density varies widely across species, it is de-
sirable 10 determine the density of individual species.
If several species are known to have very similar densi-
ties, then constructing an average for that group may
be effickent. Information on the dry weight of a specific
amaunt of lurnber provides a good indication of the
density of that wood, However, if analysts need densi-
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ties for many speches, and they group them because the
cost of messaring each species is too high, estimates
of mass may have greater uncertainty, The best ap-
proach is to use local knowledpe 1o divide species into
light, modderate, and heavy woods and caleulate a den-
sity for each group. The USDA's Agricilture] Hundbook
(A HI188), available from the Forest Products Laboratory
(hepetiwwwAplEsfed.as), provides the densities of sev-
eral dozen U5, and non-LL5. species. The Intergovern-
mental Panel on Climate Change provides the densities
of several hundred tropical tree species (IPCC 2003
Unbess otherwise stated, analysts should sssume that
densities are for stem wood only, not the whole tree.
Analysts may nseavariety of methods to sample trees
and cabculate density. Whatever the method, analysts
should weight measurements from different tree com-
ponents in propartion to their relative masses. To per-
form such proportional weighting, do the following:

1. Make all samples the same shape {such as a com-
plete disk 2 centimeters thick), and take samples
at uniform increments along the entire length of
the tree and companents (such as every 3 meters
along the trunk and branches).

et
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L Take the number of samples in each tree compo-
nent in propartion to the proportion of wtal val-
ume in that component.

3. During data analysis, weight the observations
from samples in different components in pro-
portion to the proportion of total volums in that
compoBent.

The approach of making all the samples the same
shape and sampling st a fixed increment requires the
least amount of information about the shape and mass
of trees. In theory, it avolds Introducing errors into the
proportions of mass in different trée components. The
method also systematically samples possible variations
in density in each tree component. This approach is ef-
fickent for sampling the bole, but sampling branches
requires a lat of effort because it results in numerows
samples from small branches. Unless the sampling in-
crement matches the length of bogs, this method de-
stroys the timber value of sampled trees,

When the number of samples taken from each tree
component s proportional to the proportion of mass in
that companent, the density of each saniple ks counted
equally in calculsting species density. In theory, this

=
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Figure A8 Generalized fractions of blomass in softwoods and hasdweods s a function of
tree diameter relative to the total above-ground biomass. Because each fraction s relative to
the total above-ground beomass, the sum of the fractions, which inchsde shove- and below.

ground biomass, is greater than 1.
Source: From equations in Jenkins et al. 2003,
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introduces errors when tree parts of different diam-
eters have different densities. but in practice. this er-
rog i small, This methed requires a sampling strategy
for proportional sampling. but limits opportunities for
technickans to lntroduce bias by selecting nonrepre-
sentative samples. Figure A8 shows the proportion of
mass in different components of hardwoods and soft-
woods as a function of diameter. When selecting sam-
pling intensities of different tree components, analysts
should use proportions of the moderate to large trees
that the project expects to grow hecause maost mass will
be in these trees,

Weighing is easiest i the number of samples from
each tree component is proportional 1o the proportion
of tota) mass in that component. This requires estimar-
ing the proportion of mass in each component. Then,
during data analysis, analysts weight the density cal-
culsted for each sample in proportion to the number
of samples in its component and the proportion of to-
tal mass in the component. This method is described
next, This discussion assumes that a single species is
being measured. If specific gravity is being developed
for multiple species, sample each species in proportion
1o fts estimated proportion in the tolal mass expected
i occur within the project area and increase the num-
ber of samples to account for greater variation from
sample to sample.,

Begin by selecting at least 10 trees spanning the
range of diameters and growth forms to which the
density will be applied. Analysts should use at least
30 samples, more if they are calculating one density
factor to apply to multiple species. Careful analysis of
30 samples should yield a caleulation of density with
95 percent confidence that the observed mean specific
gravity is within 3 percent of the actual density, More
trees should be sampled if the crown closure ratio var-
les, if the samples inchede both suppressed and domi-
nant trees, or if & narrower confidence interval is de-
sired, 1f densities of individual tree components are
needed, each component should be sampled separately,
with enough intensity to yield the desired precision.

Collect samples from predetermined points along
the length of the tree bole. Iflogs of specific lengih are
not needed. a simple method for obtaining four sam-
ples per tree is the following: Take one sample imme-

diately above any butt swelling. Take a second sample
halfway between the first sample and the trestop. Then
take a third sample halfway between the first and sec-
ond samples. Finally, take the fourth sample halfway
between the second sample and the treetop. [Mhe wood
is valuabbe in logs of specific length, take samples at the
base of the tree and at the top end of each log. If trees
are felled using a mechanical harvester, the first 60 cen-
timeters or so above the cut is damaged by the gripping
mechanism, so the samples shoald come from above or
below the damaged area.

Sample branches by randomly selecting the desired
number, Many random sampling systems are casy to
use, Omne example follows, The proportion of abowe
ground biomass that is in branches varies widely, with
a midrange estimate of 20 percent. Suppose your goall
is to obtain a density of aboveground wood and bark
in stems and branches. Assume that branches are 20
percent of the mass, 30 one branch sample is desired
for every four bole samples. Technicians take three bole
samples in each tree sampled. In this case, they take a.
branch sample from the first three of every four trees
sampled, resulting in three branch samples for every
12 bole samiples. For each tree where o branch sample iz
o be taken, draw a random number with two decimal
places between zero and one, Suppose you draw 030,
Afier the tree is felled, find the point three-tenths of the
distance from the base of the crown toward the tree tip.
Select the branch nearest this point. If branches are in
wharls, use the same random number used to find the
whorl to select a branch on the whoel. Starting st the
closest point, travel clockwise around the bole three-
tenths of the way around., Select the branch closest 1
this point. Diraw another two-digit random number.
Suppose you draw 0600 On the selected branch, find
the point six-tenths of the distance from the bole to-
ward the branch tip. Sample at this point. This method
gives equal probability of sampling any polnt along any
branch.

Take the samples by cunting a disk, a short length
of log or branch abowt 2 1o 3 centimeters bong. If the
disk ks greater than about 3 centimeters in diameter,
cut a wedge from the disk, like a slice of ple, with the
poant of the wedge near the pith at the center of the log
and the bark on the wide end of the wedge (see Fig-



are A9 The exact width of the wide end of the wedge
does not matter. Wider wedges are easber (o cut. Cut-
ting a wedge that is no wider than of 3 to 6 centimetens
makes the samples lighter 1o carry and easier to pro-
ceas. Marrower wedges ane more likely to break, Stems,
beanches, and roots less than about 8 centimeters in di-
ameter are easy to sample as entire disks. Pieces about
5 1o 20 centimeters in diameter are a5y (o sample as
a half-circle. Cutiing 3 wedge proportionally samples
heartwood and sapwood and propertionally samples
juvenile wood near the center of the tree and mature
waood near the oatside of the tree. Samples taken from
hallow trees do not have a point,

Tt may be desirable w proportionally samiple clear
stemn wood and knots, Field techniclans can roughly
estimate the proportion of knots in the tree bole. Be-
cause branches grow in siee as the rank grows in di-
ameter, finding the proportion of the total area of the
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bole surface that is accupled by branches gives a rea-
sopable approximation of the proportion of the tree
wolume that is knats. To obtain an estimate of the total
branch area, the number of branches protruding from
the stem can be counted and multiplied by the cross.
sectional area of an average branch where the branch
emerges from the tree trunk. Include dead branches.
The total bole area can be caleulated by approximat-
ing the diameter of the tree at the base times # Limes
the total e height times one-half. All terms shoald
be in the same units. Dividing the total branch area by
the total bole aren gives the estimate of the proportion
af the tree that i knots, If the proportion of knots is 2
percent and 30 samples are being collected. then knots
shwukl compose the equivalent of about twa-thinds of
an average-size sample.

1f the number of samples taken from gach compo-

nent §s propartional to the mass in that companent,

Figure A5 Semples for measuring tree density. Wedges are generally mast appropriate for pleces

more than 20 centi i ek r. Dk are
dismeter. Half-disks are sustable for in-between sizes.

31abds Fnrpmsnpmlbm B cenlimeters in
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field techniclans only need to record the sample num-
ber and ficld wet weight—theoretically. However, to
help sort cut anomalous numbers or to allow analy-
sis of variation in density by tree component, size, or
other variables, technicians should record additional
data, such as tree number, species. diamcter at breast
height. tree component, date of sampling, and general
location. A few words describing the stand struciure
and composition may be useful in deciding the kinds
of stands ta which 10 extrapolate the specific gravity.
Ench sample should be welghed immediately after cut-
ting. labeled with the tree mumber and sample number,
and sealed in a plastic bag. The sample number should
indicate where in the tree the sample was taken. For
example. when samples are taken from the cutting al-
lewance of logs cut 1o 10-meter lengths, one might be
labeled “8, 2 of 3, stem.” This would indicate that the
sample s from tree number 8, that it is the second sam-
ple from the base of a tree where theee samples were
taken, and that this samgple is from the stem. Because
of the pattern for locating samples, we know that this
sample was taken at a lintle more than 10 meters plus
stump height above the ground. Technicians should la-
bel the samples with a permanent marker. If a sample
breaks inte pieces, each piece should be labeled with
the code for that particular sample.

Samples should be processed within a few days or
frozen until processing to Himit decay. Find the volume
of each piece by submerging it in a graduated cylin-
der partially filled with a known volume of water and
reading the volume when the sample is completely sub-
merged. Starting with a water volume that is 2 round
number makes it easier to inspect the caleulated vol-
umes of samples and 10 check 1o see whether the sam-
ple volume was calculated correctly. Samples generally
fimat, but a plece of wire can be zsed to push them down
until they are submerged. The displacement from the
sample should be read quickly to limit changes that oc-
cur when water soaks into the sample. The velume of
the sample is the volume of water in the graduated cyl-
inder while the piece is submerged minus the volume
of water in the cylinder before the sample was inserted.
I this method is being used to calculate separate densi-
ties for wood and bark, the bark must be removed from
the wood and treated as o separate sample. Some water

s lost from the cylinder with the measurement of each
piece. After each measurement, inspect the water bevel
and add more as needed.

After measuring the volume, dry the samples to
find the dry weight, Oven drying is fast, but it removes
volatile carbon from the sampde (Lamlom and Savidge
2003 and reduces the observed density by up 1o 2 per-
cent, ldeally, samples are dried al room temperature
in 3 vacuum desiccator with a few minutes of vacuum
each day, This equipment may not be available, how-
ever, and samples of the size recommended here would
probably take many weeks to dry completely. Samples
should be dried in an environment with low relative
humidizy. At 27°C and 10 percent relative humidity, the
equilibrium madsture content of wood s 2.4 percent
of the dry weight (Wenger 1984), If heat is used to dry
the samples, the temperature should not exceed 655
(Harman and Lajtha 1999}, Samples should be moni-
tored and dried until weight has been stable for at least
24 hours, Record the welght of the woed component
and bark companent of each dry sample.

Dividing the dry weight by the green volume yields
the density. Woody material shrinks 2x it dries, so the
volume of dry samples is smalber than the volume of
those samples when wet in the fickd, Specific gravity is
applied to calculate the dry mass of trees measured in
the fiedd, and these trees are measured at wet freld size.
Thus the wet volame—not the dry volume—is used to
calculate specific gravity.

1f the number of samples from each Iree component
i roughly proportional to the propaction of total mass
in that component, then simply averaging the densities
of all samples yields the whole-tree density. The stan.
dard error can be calculated using the equation for
simple random sampling.

1f the mass of amples taken from each tree compo-
nent ks proportional to the relative masses of the differ-
enl components, whole-tree density is caleulated by firse
determining the average specific gravity of each com-
ponent and then finding the weighted average of the
specific gravities of each component. The weighted av-
erage s found by multiplying each componem density
by the proportion of the tofal mass in that component
and then summing. Measuring components separately
is like stratified sampling: methods in Appendix 2 for
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caleulating the confidence intervals of stratified sam-
pling can be used to find the confidence interval in this
ke

If neither the mass of samples nor the number of
samyples from different tree components is proportional
to the mass in exch component, the caleulatvion ks lke
that for stratified sampling, for which sampling is per-
formed at different intensities within each stratum.

Roots

In the past, it has been acceptable to calculate root mass
as a function of aboveground tree size and mass. In
the futare, it may be necessary to measure rool mass,
This section describes methods for developing proj-
ect-specific equatbons 1o predict root mass from above-
ground 1ree measurements.

When root mass is caboulated, often anly the coarse
root mass is estimated. Fine roots are usnally measured
with soil or their mass is ignored. For forests with large
trees, fine root biomass has been caleulated as Jess than
2 percent of the total tree and shrub biomass (Santanto-
nbo et al. 1977). Articles on the biomass of woody roots
often designate the boundary between fine and coarse
roots as l-centimeter in diameter,

Technicians can sample root mass by digging up
roots, washing them to remove soil, weighing them in
the field, taking subsamples, drying those, and con-
verting field weight to dry weight. Complete excavation
starts at the stump and follows roots until they termi-
nate or 1o a fixed distance from the center of the tree
trunk. Needless to say, the process is laborious. Some
studhes limiz the amount of work by excavating a circu-
lar trench around the tree ot a fived distance from the
tree center. The area encircled by the trench often has a
radius of 2 meters or less, sometimes a5 litthe as 30 cen-
timeters, To capture the bulk of root biomass but limit
the amount of work, the excavated area should have a
radius that is six times the radius of the tree. On the
face of the trench wward the tree, count the cut roots
and measure the diameter of each. Use these measure-
ments 10 estimate the mass of roots removed during
trenching and present outside the trench. Excavate the
area encircled by the trench and welgh the roots.

Bledsoe and calleagues (1999 recommend sampling

Determining the Density of Woody Materials

oot biomass by combining the excavation of the tree
oot ball and pits used to sample [ateral root biomass.
Pits are randomly located in areas not included in the
root ball excavation. (For more information, see Bled-
soe el al. 1999, Bahm 1979; and Vogt and Persson 19913

Woody Debris

Factors for the density and carbon content of woady
debris are needed to convert fickl measurements of de-
bris volume o mass. Wioeody debeis has the added com-
plexity that its density changes as it decomposes. Den-
sity usually decreases as wood decomposes. Adding
even greater complexity, some speches lose a bot of den-
sity at moderate levels of decay, whereas others do not
lose a large proportion of their density until far along
in the decompaosition process, The density of species
with decay-resistant heartwood and readily decom-
posed sapwood may fall as the sapwood decomposes
and then rise again as the sapwood disappears andl
leaves refatively undecomposed heartwood.

If a project analyst must determine the density of
woody debris, he or she should do so cutside the plots
used to measure the mass of woody debris, This is
because sampling removes some wood, and cutting
speeds the decomposition of the remaining picces.
Analysts can determine a set of woody debris densities
for the project and then apply them to picces measured
within the sampling plots. Densities may be used for
both downed wood and snags.

Sampling for density requires makingseveral choices
concerning species, decay classes, and the minimum
size of picces. Different species have different starting
densitbes and decay trajectories. Calculating the spe-
cific gravity of individual species is more acourate, but
if a project encompasses many species, doing so may
be too costly, In addition, once material is fairly well
decomposed, it becomes difficult or impossible to iden-
tify species in the field, Analysts can develop separate
densities for undecomposed material from different
species while also specifying a single density for Largely
decomposed material.

If grouping species, analysts should first do so ac-
cording to the densities of the live wood, Common
temperate species have densities from 0,31 to 0,64, and.
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tropical species have densities from 0,24 1o greater than
L. In & temperate region, & high-density species can
have more than twhce the mass per unit volume than
a bow-density species. and bn the tropics, this ratio is
greater than four. IT analysts use a second variable 1o
group species, they should try to separate species whose
interior pieces remain minimally decomposed from
species that decompose more evenly. For example, the
core of western red cedar bogs can remain sound even
as the diameter of the piece shrinks, whereas true firs
tend to decompose more evenly.

A five-category system of decay classes is recom-
mended (see Figure A0 and Table A 14}

L. Hard; bark mostly intact: branches not rotted,

2. Hard; losing bark; fAine branches rotted off.

3, Soft exterion, hard interbor; not ttally conform-
ing to ground topagraphy.

4. Saft: conforming te ground topography; partially
buried.

5, Decayed to chunks or mush; substantially buried.

In this system of decay classes, some species lose
very little density from class | to class 2, whereas oth-
ers lose more than 25 percent. Less decay-resistant spe-
cies wsually lose more density lor a given visual con-
dition. In decay-resistant specics, especially those that
develop large pieces of debris, class 2 density is ofien
fairly close to class 1. The density of class 3 material is
highly variable. In species that have cither lost a bot of
density by class I or are highly decay resistant, class
3 densaty is not much lower than class 2. The specific

gravities of class 4 and class 5 material are similar for
many speckes. Compared with the variation between
species of class | densities, the variation in class 5 den-
sithes is modest. Moat forested arcas include only mod-
et amounts of class 5 material, so class 4 and class 5
material may be sampled together to limit costs,

Harmon and Sexton (1996) provide densities by de-
cay class for selected tropical Mexican and western ULS.
conifer species. Adams and Owens (2000) provide den-
sities for 21 Appalachian hardwood species using three
categorics of decay. Their class | is comparable to class &
presented here. Their class 2 is equivalent to classes 2
and 3 here, Their class 3 is equivalent to classes 4 and 5
here.

Sometimes only two decay classes are used: hand
and soft. This approach is best for systems with very
fast decomposition rates and low levels of woody de-
bris, Field technicians can distinguish the classes by
firmly striking a piece of detritus with a machete, If the
strike ylelds a firm thunk or a hollow or ringing sourd,
the piece is classified as hard, IT the sound of the strike
is muffled, soft, or squishy, the piece is classifid as sofi.

Fine woody detritus is often defined as | to 10 centi-
mieters in average diameter. Coarse debris is often de-
fined as greater than 10 centimeters in average diam-
eter. Harmon and Sexton (1996} recommend designat-
ing coarse debris as greater than 10 centimeters in di-
ameter and more than 1.5 meters in length.

Onceanalysts have chosen the categories to measure,
field crews should collect samples within each category.
More samples are needed to get a tight estimate of spe-
cific gravity for debris than for live wood because the
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Note: Units are grams per cubic centimeter,
Seurce: From Harmon and Sexton (1598).
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Claxs ¥; Oy limd stubs present. sapwood soft or missing and keartwood beginsing to sofen and bacome fbrous

Class 3t Devompersed bo cubsical reddish Beown blocka, ponubiy encated In a hard shell, generally substanmialy buried

Figure A.10 Classes of the decay of woody detritus, The state of decomposition of woody debris
is categorized by “class.” The greater the class, the more decompased the debris.

Source: Adapted from R. Bartels et al. 1985, Dead and down woody materfal, in Mimagement of
Wildlife and Fish Habitats in Forests in Oregon and Washington, ed, E.R. Brown, Washington:
LS. Government Printing Office, no. R&-F&WL-192-1985, 171-86,



327

Appendiz 1o

density varies within each debris class, Thiny samples
per decay class are likely to yield an estimate with
%5 percent confidence interval that ks about 5 percent
of the estimated mean specific gravity, Ten samples
per class generally yield an estimate with a 95 percent
confidence interval that is about 10 percent of the esti-
mated mean. To limit costs, class 4 and class 5 can be
lumped together and only ten samples collected from
class 1 material. Lumping class 4 and class 5 increases
the estimation error only slightly because class 4 and
class 3 densities usually differ minimally and most sites
have little class 5 material, The sample size of class |
material can be reduced becanse density is usually less
variable within that class.

Decomposition aften varies along the length of a
piece of detritus, especially in the middle stages of de-
coy, To minimize sampling bias, samples should be
taken at a random point along the length of a piece of
debris, When technicians encounter a piece they will
sample, they can draw a random number between zero
and one. Starting st the larger-diameter end of the
phece or the first end encountered if no end is obviouasly
larger, they can move along the length of the piece the
proportion of the total distance matching the random
number. For example, if the random number is 0.4,
they mave 40 percent of the length of the piece, start-
ing from the large end, and sample at that point.

If the plece is solid enough to saw, they can cul a
slice of material perpendicular to the long axis of the
debris. This is like sampling to determine the density of
wood. Because wood in comtact with sail decays differ-
enthy from wood exposed to the air, reducing the size of
individual samples by randomby cutting a wedge from
a complete disk s not advisable, Instead, cut a wedge
from the part of the disk that was againsi the ground,
and cut a second wedge from the part of the disk that
was away from the ground (see Figure ALY A sharp
chainsaw will cut even relatively crumbly material if
the chain is brought to full speed before it contacts the
debris. If the material is prone to crumbling, techni-
ctans should record the dimensions of each piece im-
miediately after cutting it and before bagging and trans-
porting it so analysts can caleulate the volume later
from the dimensions. This method may require cutfing
the sample free from the rest of the detritus and gen-

i wr wredl gy from ground

=2-

e

o

Figure A1 Sampling large pleces of partially decam-
posed woody debris. Recause wood in cortact with soil
devays differently from wood exposed 1o the akr, redoc-
ing the siee of individual saniphes by randomly cutting

& wedge from a complete disk is sot advisable. Instead,
cut a weidge from the part of the disk that was against the
ground, and cut a second wedge from the part of the disk
that was wway from the ground. The density of the sample
s founad by dividing ness by volume. The specific grav-
Ity of a chass of debris |8 found by averaging all samples of
that elass. Confidence intervals can be calculated for each

clasa using the equation for 3 simple random sample.

tly clearing the detritus away from the sample without
moving the samphe. Material that crumbles into chunks
or mush can be scooped inbo a bag, with mineral soil
carcfully excheded.

Using methoeds similar to those for measuring the
specific gravity of wood, samples should be labeled,
their volume should be measured, then samples should
be dried, and theie dry weight should be measured.
This process assumes that all samples are dried 1o ob-
tain dry welght, go there ks no need 1o measure fiekd wet
weight. When measuring the volume of decayed frag-
ments, analysts may need to use a screen or other de-
vice to push the fragments bebow the surface of the wa-
ter. Amalysty may have to dump the entire contents of
the gradusted cylinder used 1o measure volume into a
relatively fine mesh sieve to collect all the fragments.
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Litter

Cruantifiers can find litter density by recording the arez
of the ground from which the litter was collected, mea-
suring the thickness of the liner layer, and welghing
the sampled litter. Because livter depth may vary sig-
nificantly between points a few centimeters apart, Aeld
crews should take several depth measurements on each
subplot, {Sixteen measurements in a 4-by-4-meter grid
pattern can provide a reasonably accurate view of aver-
age litter thickness.) Multiplying litter depth by surface
area yields the volume of litter collected. and dividing
this volume into the mass of litter collected yields the
density. Litter density often changes with the time of
year, so quantifiers should use density factors that are
appropriate to the time of sampling. One way to do this
is to caboulate the litter density for the project from
measurements made on the first 20 or 30 plots sampled.
Litter density can also vary across vegetation types. (1f
sampling is stratified to reflect different types of vege-
tation, quantifiers may develop a litter density for each
stratum or an average density for all strata.)

Processing Litter Subsamples

When measuring the proportion of carbon in litter,
quantifiers can wie subsamples collected for determin-

Determining the Density of Woody Materials

ing the ratio of dry weight 1o wet weight for carbon
analysis. If biomass sampling ks stratified, they should
consider whether to use the same stratification for ana-
lyzing Litter carbon, Stratification of biomass sampling
is usually driven by variation in productivity or man-
agement, whereas variation in litter carbon stocks usu-
ally depends more on decomposition rates,

After drying and weighing litter subsamples to de-
termine dry weight, quantifiers can use them to find the
proportion of carbon In ltter. The reported variation
in the proportions of carbon in different plant compao-
nents suggests that 10 samples will probably glve a con-
fdence interval of about 2 percent. Because samples are
collected for other reasons, the cost of using them 1o
determine carbon content is the cost of grinding and
running themn through an analysis. This cost should be
modest, and quantifiers should analyze at least 3010 40
samples to measure the carbon content of Hiter.

T measure the carbon content of wood, liter, or de-
tritus, quantifers use infrared absorption or gas chro-
matography to quantify the carbon dioxide emissions
fram dry combustion of the subsamples.
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Correcting for Degree of Slope

Carbon stocks are caleulated per unit of anea, with the
arca mcasured on a flat, horizontal plane. If the land is
flat and smsooth, the actual surface area of soil equals
the horizontal area. However, land is often not flat. As
land becomes steeper and more dissected, the surface
ares becomes ever greater than the horizontal area
(Figure A.12). Quantifiers and crews noed to correct for
this effect when determining plot size because errors
miultiply as quantifiers expand carbon stocks on plots
to estimate stocks acrass an entire praject.

There are two ways o correct for land dope. The nec-
ommended method is to do so in the field, using siope
distance, which reflects both horizontal distance and
slope. The ather spproach is to use plots of uniform
size to make feld measurements and then wse slope
distamce to mathematically expand the measured area
during analysis. The latter approach slightly reduces the
sampling intensity but requires recording the slope ob-
served on each plot, On Large plots that inclode changes
in terrain, assigning a single slope is difficult. If dope
correctbon oocurs during data analyss, the correction
expands an ellipse 1o a circle as a function of slope (the
equation is not presented herel,

O slight slopes, the slope distance is almost the
same a5 the horizontal distance. Protocols should spec-
ify a slope angle above which slope distance is cor-
rected, weually 10 to 15 percent. On slopes flatier than
the threshobd angle, crews can ignore slope correction.
On a W percent shope, the correcthon is to add 0U5 per-
cent io the distance being measured. On a 15 percent

erisn plit aige:
L

N

Figure A2 Correcting for sloping terrain, Carbon stocks
are caloulated per anit of area, with the ares messured

on a flat, hortzontal plane. If the land is ffat and smoath.
the actimal sarface area of soil equak the horizental area.
Hewever, land is often not flat. As land becomes steeper
and more dissecied, the sarfsce area becomes ever
greater than the horizomtal area. Quantifiers and crews
meed 1o correct fior this elfect when determining carbon
stocke. The actual horizontal distance is obtained from
mezsurements of the shope distance and plot slope.
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Correcting for the Degree of Slope
Table 815 Slope Correction
e - Spedinine ]
{percent} {meters)
I h1-hectare U._ul-hm-ne 1 l].uﬂzhu.lm ﬂﬂ[ﬁ-bed;re I:I.umhoc:;rt_
plat plot plot plot plot |
) 784 564 . 252 399 178 '
E - L 565 25 399 L%
1o :I 1793 ] 567 154 L1l LTS
18 | 1504 571 255 w 180
0 o 819 575 25 4.07 182
25 8 | s; 260 _|' o 18
0o e 580 263 _ & 186
1 1850 so8 | wr | 4B | s |
W0 1922 608 2 4,30 152
45 IF.-;E.._ 619 = | 77 437 L9
50 1985 | B3l I - s | 19|
55 2036 644 | 284 455 204
60 T _1 T ' 194 4.65 208
6 | 228 __ o | am 476 213
-T... - 2178 . -i BEY | 108 ‘I 487 218
Fi 2230 1 TE 35 ! 499 23
H0 2285 2 I 323 ! s 228
8 na 740 e | 524 23
_';ﬂl 2400 T.59 F 1w 5% 240
95 248 7.7;. .u; I 550 2146
100 LA 75 | 357 564 152

Nodes: This table shaws slepe distances (in meters) by dope {in percent) for circular plots of given areas. To use this
table, measure the shope and find the column for the phat size. The number in this cell is the slope distance, which gives
an accurate horizomal distance for the plot. For example, if the slope angle in the disection for which the plot edge s
being determined is 30 percent, and crews are trying to find the edge of 2 0.01-hectare circular plot, they would measure
585 meters along the ground surface. Crews measuine the dope angle along the line between the plot center and the
podnt on the edge of the plot they are trying to determine. The slope angle will vary as the direction from plat center
varies. Far example, when measuring straight across a large, smcath hill slope, crews will use a slope of zero, even
thaugh the sbape might be quaite steep if they travel straight uphill or downhill from plot center,
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slope, the correction is to add 1 pereent to the distance
being measured. The threshold for slope correction
should be set at aboul the limit of the precision ex-
pected of fiekd crews., If crews are expected to measure
distances to within = 0.5 percent, then the slope above
which distances should be corrected is W percent,

For modest slopes, when crews are measuring dis-
rances with a tape, they can often correct for slope by
simply holding the measuring tape horizontally. Simi-
larly, when they are measuring distances using an elec-
tronic device, they can often measure horizontally,
When using a rigid rame to determine subplot bound-
aries, such as a 0.5-meter-by-0.5-meter square for sam-
pling litter, technicians can correct for sloge by holding
the frame horizontally, resting it on the ground at the
high point of the subplot boundary. Crews can then cut
the Linter along the line directly below the frame edge.

On steep slopes. and sometimes when measuring
uphill, technicians will net be able to measure hori-
zontally, In those cases, they should measure the slope
angle and use a slope correction table 1o determine
the appropriate distance for locating the plot bound-
ary. Field crews must have slope correction tables for
each distance they will be measuring. (See Table A5
for distances used in the default protocel.)

Although this manual uses percent as the units for
mieasuring shope, quantifiers could use degrees instead,
Whatever the unit, they should use it exclusively, as
a correction table for one unit is not accurate for the
other. Furthermare, conversion between percent and
degrees is not linear. A zero-degree shope is the same as
a zerm-percent slape, but a 45-degree slope is a 100 per-
cent slope. A 90-degree slope is a perfectly vertical cliff,
which has 2n infinite-percent slope,

Slope correction tables can be created for any dis-

tance. When slopes are measured bn percent, an equa-
tion for calculsting slope distance is based on the
Pythagorean theorem, which states that for a right tri-
angle, the squared length of the hypotenuse equals
the sum of the squared lengths of the other two sades.
The slope distance is the length of the hypotenuse, and
solving for that yields the equation

D=, I’Hﬁ]‘hﬂ:

where [Vis the desired horizontal distance, I is the dis-
tance ta be measured along the slope, 5 is the slope an-
gle in percent,

If slope 1s measured in degrees, crews can caleulare
slope corrections in the field wsing a calculmor with
trigonometric functions. However, this creates an op-
portunity for introdecing mistakes in key punching,
and it 15 safer to use a shope correction table even when
working in degrees, When calculating the slope cornec-
tion with slope In degrees, crews need few keystrokes 1o
use the equation

Equation AT1.1

o= L) Eguation A11.2

'S
where [ is the desired horizontal distance, D, is the
distance 10 be measured along the sbope, 5 is the slope
angle in degrees, and cos is the cosign trigonometric
function.

Mote that some spreadsheets and caloulators require
users to enler the angle in radians instead of degrees.
1F this it the case, crews must convert degrees to radi-
ans, Cosign is bess than ane (except it is equal to one
where slope is 2ero), 20 the slope distance will always
be greater than or equal to the horizonizl distance.
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This appendix describes how to caloulate carbon stock
and changes in carbon stock from data callected using
the default method discussed in Chapter 6, Thisappen-
dix begins by describing caleulations made using mea-
surements from cach subplot, Subplot measurements
are scaled 1o common units of mass and area, such as
tons per hectare, and summed.

Litter

Field crews measure the mass of litter within a square
frame that is 0.5 meters on each side. If the frame is
horizontal, it covers an area of 0,25 square meters, A
subsample of litter is collected, weighed in the field,
taken to a lab, dried, and weighed again, The ratio of
dry to wet weight is found by dividing the dry weight
of the subsample by its fiedd wet weight. The dry weight
of the litter sample i found by multiplying the field
wet weight of the entire litter sample from the 0.25-
square-meter plot by the dry-to-wet ratio for that plot,
A hectare is 1L000 square meters, so the plot is 140,000
hectare. The litter mass o @ per-hectare basis is found
by multiplying the sample mass by 40,000, Quantifiers
eonvert grams (o tons by dividing by 1,000,000 fo yield
the litter mass in metric tons per hectare.

1 the frame was ot horizental when the sample was
collected, slope correction is required. On a slope, the
frame can be held horizontally and the litter cut along
the line directly below the Inside edge of the frame, If
crews do not wse this procedure, and instead lay the

Appendix 12

Calculating Carbon Stock
and Changes in Carbon Stock

frame directly on a shope, the area sampled is bess thamn
0,25 square meters. Slope correction expands the arex
sampled to 0.25 meters (see Appendix 111

When slopes are recorded, recording them in per-
cent makes calculations less complex, When skopes are
measured in percent, the sbope correction equation is

B

o)
where W is the slope-corrected dry weight of the later
on the subplot, W, is the measured dry weight of the
litter on the subplot, and s is the slope angle of the sub-
plot measured in percent.

Note that when the slope i zero, the corrected
welght is the same as the uncorrected weight. For posi-
tive shopes, the corrected weight is always greater than
the uncorrected weight because a frame covers less
horizontal distance when it is tpped than when it is
horicontal.

For example, say the measured dry weight of littes
collected with the frame placed on the slope is 1500
grams, If the shope is 20 percent, then

W =1500% 14{%]‘ = 1500 2 1+ D04 = 1530

It the slope is measured in degrees, the equation to car-
rect for slope 5

Equation A12.1

W = Wy, Xsocs Equation A12.F



333

Appendix 12

where W is the slope-corrected dry weight of the litter
an the subplot, W, is the measered dry weight of the
litter on the subplot, and sec 5 is the secant of slope an-
gle s where the slope angle is measured in degrees,

As with the correction when slope is measured in
percent, the corrected weight Is greater than the un-
corrected weight because the sloping frame covers less
herizontal distance than a frame in a horizontal posi-
tion. Mote that many trigonometric functions in elec-
tronic spreadsheets require degrees to be converted to
radians.

Woody Debri
Methods for calculating the mass of woody debris are
stmilar fior fine and coarse debris. However, an adjust.
ment factor may be added o the calculation for fine
debris to correct for the fact that the long axis of small
pleces may not be parallel to the ground surface. The
lengths of the transects for the two types of debris are
different, but the equations are the same. A shorter
transect s needed for fine debris because fine pieces
occur more Mrequently than coarse pieces.

The equation for calculating the volume of coarse
debris ks

yuTXLE
AL

where V is the volume in cubic meters per square me-
ter, 1 is the constant L1415927, d is the diameter in me-
ters of each piece of debris, and L is the length of the
transect in meters (van Wagner 1968),

This equation works for transects and debris of any
lengih, as long as all inputs and owtpuats are in the same
units. For example, if the transect lengths and plece di-
ameters are in feet, the volume would be in cubic feet
per square foot. Quantifiers convert volume per square
meter to volume per hectare by multiplying by 10,000,
They convert volume of dry biomass in cuble meters
to mietric tons by multiphying by the specific gravity of
woody debris, They convert dry biomass to carbon by
maultiplying by the carbon content of woody debris.

For analyzing project data, quantifiers can enter
this equation into a spreadsheet program. If they do,
they can enter the diameter, species, and decay class

Equation A12.3

of each picce in a row, Then they calculate the volume
per hectare represented by that piece, with reference to
the transect length. They wse conditbonal statements or
lookup tables 1o select a specific gravity as a function of
species and decay class. Specific gravity ks used to cal-
culate mass. Mext, they calculate carbon content as &
function of mass and the propartion of the mass that is
carbon. Then they sum all picces of debris on each plot
to find the number of tons of carbon per hectare mea-
sured on each plot.

Equation A12.3 applies when all the factors, such as
piece diameters and transect length, ase in the same
units, such as meters, and volume is in cubic meters
per square meter. Quantifiers can modify this equation
for different units. In the Unbted States, much forestry
work is performed in English units, but GHG offsets
are denominated in metric tons. To find volame in cu-
bic meters per acre, when diameters are In inches and
the length of the transect is in feet, use the following
eguation:

V_m.s&nxz FL

L Equation A2 4

where ¥ is the volume in cubic meters per acre, d is
the diameter of each plece of debris intercepted on the
trangect in inches, and L is the length of the transect
in feet.

If quantifiers need very accurate numbers for fine
debris, they should use an additional adjustment for
this material. This may be needed because the rransect
method assumes that the bong axis of each piece of de-
bris is horizontal, The equation sums probabilitics thag
each peece will lie flaz on the ground with its long axis
ata random angle to the transect and that intersections
will oecur a1 random points along the length of cach
plece. Large pieces of debris almost always lie relatively
flat on the ground, but small pieces of debris often da
not Lie flat. As the bong axis of a plece of debris becomes
more vertical, the horizontal distance covered by its
long axis decreases and the probability of intersection
by a transect decreases. As a result, debris that is not
flat Is undercounted.

The correction factor for the slope of the long axis
is the secant of that stope {(Brown and Roussopoulos
1974). Harmon and Sexton (1596) present factors of 110
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for hardwood pleces 0,63 to 2,54 centimeters in diame-
ter, 103 for hardwood pleces 254 1o 762 centimeters
in diamieter, 113 for conifer pleces 0,63 w0 2.54 centi-
meters in diameter, and 110 for coniler pleces 2.54 to
762 centimeters in diameter, In practice, ignoring this
correction factor means that woody debris mass is un-
dercounted only slightly, That is because pheces smaller
than 1 centimeter in diameter are included in litter,
pieces targer than a couple of centimeters in diameter
have a small correction factor, and very linle mass in
pheces would have a correction larger than L10 {(and
even then the correction factor would not exceed 113,
Harmon and Sexton also provide factors for merely
counting the number of intersections of pieces of small
debris of given size classes, rather than mexsuring the
diameter of each small piece.

1f crews measure the lengths and multiple diame-
ters of individual pieces of wood, quantifiers use dif-
ferent equations to calculate volume. If the quantifier
wotld like to use a method that relies on algebra rather
than trigonametric functions 1o expand plot measure-
ments to volume, crews can measure the sizes of in-
divedual pheces of woody debris on plots with fixed
areas, These methods are more time consuming than
transect-intercept methods, but they are easier to un-
derstand, so observers may accept them more readily,
Note that when crews measure woody debris on plots
with fixed areas, they should measure only the parts
of pleces within the plot boundary, If a plece of debris
is only partly within a plot, the piece is measured as if
it ends at the plot boundary. If crews measure mate-
rial outside the plot boundary, quantifiers will overes-
timate the mass of debris.

When length and end diameters are measured for
each piece of debris, the volume of each piece can be
calculated as a section of a cone:

Vo RiA + 1A AT £ 4073 Eguation A1LS
where V is the volume in cublc meters, L is the length
of the piece in meters, A, is the area of the base of the
picce in meters squared, and A, is the area of the top
of the piece in meters squared (Harmon and Sexton
1996,

Recall that the area of a circle is

Calculating Carbon Stock

A=maur Equation A12.6
where A is the anca and r is the radius. If the piece is
sabstantially ellipsoid; the large and small dinmeters
should be measured and the cross sectional ares cal-
culated using the appropriate equation for an ellipsoid.
The equation for the area of an ellipse is:

Arca=ma (D J2x (D 2 Equation AT

where [ 5 the length of the maximum diameter
and 3 is the length of the minimum diameter.

Quantifierscommeonly caloulate the velume of pieces
of woody debris as sections of a cone, an approach that
is relatively accurate, especially if tree trunks are bro-
ken into sections. Trees are not actually cone shaped—
trunks are usually cdoser to a paraboloid shape (like a
cone swollen toward the tip) above any swelling at the
hase, Trees with butt swelling are more accurately de-
scribed as a neilobd shape.

The equation for & parabolodd ks

V=L{A, + A2 Equation A12.3

where V' is the volume in cubic meters, L is the length of
the péece in meters, A, is the area of the base of the picce
in meters squared, and A, Is the area of the top of the
plece in meters squared (Harmon and Sexton 1996).

The paraboloid equation is particularly appropri-
ate to snags and stumps that are decomposed down to
a blob of material and that have a top dismeter con-
sidered to be zero (Harmon and Sexton 1996). (See the
literature on tree taper equations for more detail and
specics-specific equations.)

Once quantificrs caloulate the volume of debris,
they can caleulate carbon mass. Blomass is caboulated
by multiplying volume by specific gravity. {See Table
AM for default specific gravities for woody debris by
decay class.) Quantifiers should use any specific gravi-
ties measured on the project instead of default values.
They calculate carbon mass by multiplying the total
weight of the biomass by the proportion of that mass
that is carbon. They can assume that the proportion of
the mass that is carbon in detritus is the same as the
propartion in undecomposed wood of the species (Sol-
lins et al. 1987). (See Table A3 for the proportions of
carbon in different species of wood.)



335

Appendix 12

Standing Dead Trees

The appropriate method for calculating the biomass
of a snag varies by its decay class. The methods pre-
sented here start with the least decomposed and prog-
ress o the most decomposed. Decompaosition classes
for coarse woody debris parallel those for standing dead
trees, and adjustments to biomass estimates to account
for changes in density as material decomposes are sim-
flar. Stumps are treated as snags. Regardless of height,
their top diameter and base diameter are measured and
recorded, not their diameter at breast height.

The mass of freshly dead 1rees can be calculated as
if the tree were alive, The foliage of many freshly dead
trees is gone, so o biomass equation that includes fo-
liage would usually overestimate the biomass of these
trees by 2 to 7 percent, depending on tree species and
stze. However, most projects will have few freshly dead
trees, so the resulting overestimation of foliage biomass
will be smiall relative to total blemass.

If, because of some unusual mortality event, a sig-
nificant proportion of the project biomass is in freshly
dead trees, quantifiers can estimate the mass of foliage
and subtract it from the total aboveground biomass,
BIOPAK provides equations for estimating the foli-
age biomass of @ number of North American species.
1f a species-specific equation is not available, quantifi-
ers can use the equations of Jenking et al, (2003) listed
abave,

Cruantifiers can reasonably assume that freshly dead
trees have the same specific gravity as live trees, and
they do not need to adiust for loss of iomass from de-
composition. When fine branches are present, quanti-
fiers can assume that coarse roots have not vet decom-
posed and use the same method wied to estimate the
coarse root biomass of live trees to estimate the coarse
roat biomass of freshly dead trees. Fine root biomass
is nsually included in assessments of soil carbon, not
tree cachon, [f so. quantifiers do not meed to account for
rapid decomposition of fine rocts after tree death.

Sanding dead trees in decay class 2 are defined as
having hard wood in the boles, but with fine branches
rotted off and possibly missing bark. Swch trees are a
borderline case. Quantifiers could estimate their mass

using methods for trees in decay class 1, bat it is more:
canservative to use the methods {described below) for
trees in decay class 3.

Regardless of which method quantifiers use to cal-
culate the bdomass of class 2 trees, they should account
for loss of density from decomposition. Estimates of
the biomass of a live tree should be reduced by the ratio:
of the density of the decay class and species to the den-
sity of that species when alive:

n
oe{3)

where Hy, is the biomass of the partially decomposed
tree, By is the biomass that tree would have if alive, Dy,
is the density of that species of tree in the particular de-
composition class, and 0y is the density of that species
of tree when alive. The two density numbers must be
in the unitless factor specific gravity or must be in the
same units, such as pounds per cubic foot.

Quantifiers can assume that root decomposition oc-
curs at the same rate as aboveground decomposition,
With this assumption, quantifiers calculate the aboveg-
round biomass first, adjusting for loss of mass from de-
composition, They then assume the same proportion of
coarse oot blomass to aboveground biomass as for a
live tree of that specles and size and multiply this pro-
portion by the aboveground biomass to estimate the re-
maining coarse root biomass,

Trees in decay class 3 are defined as having sub-
stantial rot in the bole but a generally hard core, These
trees will be missing their tops as well as most branches
and bark. Quantifiers should estimate the mass of these
trees by calculating their volume and multiplying by
the specific gravity,

The process for calculating the biomass of snags
resembles that for calculating the blomass of coarse
woody debris on plots with fixed areas. Quantifiers
first calculate the volume of each piece, then multiply
by its density to calculate mass. Unlike when calculat-
Ing coarse woody debris, quantifiers do account for the
remaining coarse root biomass. The most common ap-
proach 1o estimating the volume of a snag is (o assume
that It is a truncated section of a cone.

When calculating the volume of a snag as a conic

Equation A12.9



336

section, quantifiers calculate the volume of each tree
As discussed earlier, trees are not actually cone shaped.
Above any swelling at the base, tree trunks are gener-
ally closer to a paraboloid shape. The equaticon for a pa-
rabolobd is: F = L{A, + 4,)/2.

Volurme equations that account for taper have been
developed for a variety of tree species used for timber,
such as pines grown in the southeastern United States.
Many of these equations require only diameter and
height as inputs. However, these equations are very
specificand generally apply to a single species, and they
may apply only to trees grown under certain stand his-
tories. For example, thinning has been shown to make
beles more parsbolic in shape and increase the amount
afbiomass in branches and foliage {Baldwin et al. 2000,
{For more information on estimating tree volume as
shapes other than conic sections, see Wenger 1984 and
Harmon and Sexton 1996, Pillsbury and Kirkley 1984
describes methods for measuring hardwood tree vol-
ume a8 a sum of stem and major branch segments.)

Once quantifiers have calculated the volume of de-
bris, they can calculate carbon mass by multiplying
volume by specific gravity. (See Table A.14 for default
specific gravities for woody debris by decay class) As
described earlier, quantifiers caloulate carbon mass by
multiplying the total biomass weight by the proportion
of that mass that is carbon. They can assume that the
proportion carbon in detritus is the same as the pro-
portion in undecomposed wood of the species (Sollins
et al. 1987}, (See Table A.13 for proportions of carbon in
different species of wood.)

Snags in decay class 4 are defined as soft—with no
remaining hard, minimally decomposed core. Snags in
decay class 5 have decomposed 1o a mound of pieces of
wosrdy detritus, Quantifiers can calculate the volume
of snags in decay classes 4 and 5 using the same method
as for snags in decay class 3. 1f quantifiers calculate
smags in decay classes 2 and 3 as sections of cones, they
may want to caleulate snags in decay class 4 and 5 as
parabodoids. For substantially decomposed trees and
blobs, the top diameter is considered zero (Harmon
and Sexton 1996), Quantifiers convert volume to mass
using the same method as for snags tn decay class 3, but

they wse the specific gravity for the appropriate class.

Caloulating Carbon Stock

Live Trees

Cuantifiers calcalate live tree mass using the methods
described in the section on measuring live trees. Equa-
tions estimate aboveground biomass a5 a function of
tree species, diameter, and helght, and a different equa-
tien estimates bedow-ground mass. The two masses are
summeed to get the total biomass for the tree. Quanti-
fiers use a speches-specific carbon ratio to convert bio-
miass to carbon,

If field crews measure larger trees than analysts
used to develop biomass equations, quantifiers must
use other equathons to calculate the mass of those trees.
Uing hiomass equations for inappropriately large trees
will almost certainly result in substantial errors.

If trees have broken tops that are more than a few
centimeters in diameter bat less than one-third the di-
ameter at breast height, and quantifiers are using an
equation for intact trees (rather than a conkc section) o
estimate biomass, they should use a taper equation to
calculate the mass of the missing top. The taper equa-
thon should be used to estimate the total tree height as
ifthe top had not been broken, Quantifiers wse the 1otall
height to calculate the mass of the total tree and then
subtract the mass of the missing top. If few broken-
topped trees are present, quantifiers may simply caleu-
late the mass #s il each tree were of the observed height
but with no broken top. This method will underesti-
mute the mass of the tree, but the total error in the car-
bon caleulation should be small. If trees have a broken
top with a diameter greater than about one-third the
diameter at breast height, quantifiers can caleulate the
bole mass as a truncated conde section and multiply by
wood density—similar to the method used to caleulate
mass of woody debris. This underestimates aboveg-
round biomass because it does not count branch and
foliage mass or the bulging shape of most tree trunks.
However, the total error should be small

Cruantifiers sum the tree masses on each subplod.
They then divide the mass on each subplot by the area
of the subplot in hectares to yleld the mass per hect-
are. These masses per hectare are summed across the
subplots.
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Calculating Total Sequestration

If the project is using stratification, the next step is 1o
group plot measarements by stratum. Quantifiers can
find the average change in carbon stocks in the stratum
by averaging the amounts observed on the plots within
the stratum, They should also calculate the standard de-
viation and standard error for each stratum. (In mak-
ing these caboulations, the sample size n is the number
of plots in the stratum.} Quantifiers calculate the total
change within the stratum by multiplying the average
change in carbon stock per hectare by the number of
hiectares in the stratum.

Ouantifiers calculate the total project sequestration
by summing the sequestration on all strata. They cal-
culate errors and uncertainties by taking a welghted
average of errors on each stratum. The weighted stan-
dard error is calculated as

¥
5-3(3)

where 1, is the standard error of the estimated mean
sequestration across the entire project area, across
strata b = 110 k; m, is the mumber of plots in stratum h;
n is the namber of plots in all strata; and 5y, Esthe stan-
dard ervor estimated for stratum b

Eguation A12.10
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If two speches have similar growth forms, a blomass
equation for one species can be adapted to give reliable
results for the other species. Growth forms are similar
If trunk tapers at different tree diameters and heights
are similar, numbers and sizes of branches are simi-
lar, and bark thickness is similar. Similar foliage den-
sity is bess importan? because foliage composes only a
small portion of tree biomass. The key consideration
in adapting an equation from one species to another
is the density of each species; quantificrs should make
an adjustrment if the densities differ. Species with sim-
ilar growth forms ofien have significantly different
densities,

To adapt the density of one species to another spe-
cies, multiply the predicted mass by a density adjust-
ment fctors

iy PAER)

F Dy Equation
where Fis the density adjustment factor, [, is the den-
sity {or specific gravity) of the original species for which
the equation was crested, and [, is the density of the

Appendix 13

Adapting Biomass Equations
from One Species to Another

new species 1o which the equation will be applied. The
two densithes must be in the same units,

Analysts have developed relatively few equations for
large trees, and even fewer equations use both height
and dizmeter to predict the biomass of large trees. This
is not surprising because cutting down and weigh-
ing several very large trees is onerous. Quantifiers may
adapt an equation for large trees of a different species.
1o the species of interest. The two speches should have
similar growth forms. Assuming that the quantifier has
a valid equation for smaller trees of the species of in-
terest, and if the diameter ranges of the two equations:
overlap, quantifiers can test whether the equation for
big trees gives reasonable estimates of the bomass of
trees of the species of interest. This testing can be done
by using both equations te predict the mass of a tree of
a diameter for which both equations are valid. If the
two predicted masses are similar, and the two species
have similar growth forms, then quantifiers can apply
the equation for large trees of one species to large trees
of the other specics.
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Developing New
Biomass Equations

When appropriate biomass equations are not avail-
able, quantifiers must develop their own. This appen-
dix describes the concepts on which biomass equations
are founded, methods for sampling trees for creating
biomass equations, and methods for analyzing sample
data to generate biomass equations,

The usual approach to developing hiomass equa-
thons is to cut down and weigh a number of trees, rang-
ing from the smallest to the largest, 10 which the bio-
mass equation will be applied. Subsamples are dried to
determine the ratio of dry 1o field wet weight, and the
dry weight of aboveground tree biomass is caloulated
from measured field wet welghts. Regression is used 1o
develop an equation from the measured tree weights.
Root mass s predicted as a function of species and di-
ameter. (See Bledsoe et al. 1999 for methods for sam-
Pling root blomass) In a forest, roods intertwine and
even grow together, so, other than for main roots, as-
signing a root 1o a stem may be impossible.

Choosing the Range of Trees

The first step in developing a biomass equation is choos-
ing the tree population to which the equation will apply.
The population boundaries include geographic area,
type of tree (or treesh, and their sizes. The geographic
boundaries may coincide with project boundaries or
they may be broader. The range of tree diameters must
reflect the full range of diameters o which the equa-

tion will be applied. Applying equations to trees out-
side the sizes for which the equatbons were developed
may not yield accurate estimates of biomass.

Tree biomass, as a function of height and diameter,
varies across the geographic range of a species (Clark
1987} Because the shape of trees changes with differene
stages of maturity, it makes sense to separate young trees
with rapid height grewth from mature trees that have
wvery littke height growth. By this logic, the dividing line
between small and large trees shoubd be roughly the di-
ameter where change in height becomes much smaller
relative 1o change in diameter, Tree equations fit bet-
ter when developed separately for small trees and large
trecs, with the split ocourring around 40 centimeters
diameter at breast height (Yuancal and Parresol 2001}
Quantifiers might otherwise select a split that matches
the division between classes of log use so a single equa-
tion applies to all trees in a single class (Clark, Phillips.
Frederick 1984),

Although sampling large trees takes much more ef-
fort than sampling soeall trees, trees as large as will be
observed on the project area must be sampled 1o de-
velop biomass equations. It is not reliable to use equa-
tions to predict the biomass of trees larger than the
trees from which the equations were developed. The
absolute error in biomass predictions will be greatest
in predictions for large trees, so limiting total error
requires oblaining the best pussible estimates of the
masses of large trees.
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1f very Large trees cannot be destructively sampled,
the volume of their boles and major branches can be
measured by intensive bul nondestractive means, and
the mass can be calculated using information on den-
sity or specific gravity from medium-sized trees (see
Appendix 10} Fillsbary and Kirkley (1984) present a
method for categorizing and messuring tree branch
volumes, Parresol (1999) shows how to estimate the
masses of small branches and use ratios. Valentine,
Trotton, Furnival (1984) and Gregoire, Valentine, Fur-
nival (1995} provide a method for subsampling and es-
timating branch mass.

For projects that will grow trees, developing equa-
tions for large trees that do not yet exist within the
prodect boundary requires sampling trees outside the
boundary. The climate and productivity of selected
lands shoubd match those of project lands as closely as
possible,

The history of a stand affects the shape of the trees
and thus the mass a5 a function of height and diameter.
For a given height and diameter, trees that develop with
wide spacing have different mass than trees that develop
with tight spacing (Baldwin et al, 2000, Thomas et al.
1595), However, thinning may have more impact than
indnial spacing {Baldwin et al. 2000}, Whether a tree is
suppressed or dominant also affects the biomass as a
function of dinmeter at breast height (Naidu, DeLucta,
Thomas 1998}, As shown In Appendix &, trees with the
same dlameter at breast height can have very different
beights and correspondingly different biomass. Height
differences can arise from differences in both site pro-
ductivity and tree spacing. The tree population selected
for sampling should reflect variation in stand histories

and site productivity as much as possible.

Choasing the Categories to Address

The msain concern in developing tree biomass equations.
13 choosing which species, size range, and geegraphical
range to address, Quantifiers may want to develop one
equation to cover speches with similar densities and
growth forms,

For woody debris, categories are a key issue. The
best approach i 1o use the five decay classes described
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in Appendix 10, along with cross sections of tree boles
that do not decompose, A two-class system of hard 2nd
soft {5 best for speches and systems that decompose rela-
thvely evenly across the cross section of the bole,

The process described here assumes that quantifers
are developing biomass equations for a single species.
If they are developing an equation for multiple specles,
they should rely an prior knowledge or pilot testing 1o
ensure that the species have similar growth forms and
wood densities. Cruantifiers should also sample more
trees than they would if developing an equation for a
single species. They could estimate the varlability in
density from the literature and wse this varishility and
equations from a text on regression modeling to esti-
mate the number of trees to sample to obtain the de-
sired bevel of precision, However, this process is some-
what complex. (Sce [ohnson 2000 and Wharton and
Cumnia 1987.)

Quantifiers should use sample trees well distributed
acrods the range of diameters 1o which the biomass
equation will apply. Because large-diameter trees oc-
cur much less often than small-diameter trees, a sim-
ple random sample of all trees would have to be very
large to yield encugh large-diameter trees. The best ap-
proach is to use a version of stratified sampling (see Ap-
pendix [ stratify by diameter and limit the sampling
1o one of & few trees per stratum, This approach s ap-
propriate because the goal is to determine the relation-
ship of biomass of an individual tree to its height and
diameter, not to predict the biomass of a stand or the
total mass of trees within a particular area. 1f produc-
tiwity varies significantly across the project area, sam-
pling should also be stratified by productivity. To limig
the number of trees that must be sampled, quantificrs
can divide site productivity (or stand density during
development) into only two strata,

To chonse strata divided by diameter, first define
the minimuom and maximum diameters to be encom-
passed by the equation. The minimum diameter should
be 5 centimeters diameter at breast hetght to allow
tighter-finting of equations, As noted, if resources allow
sampling of more trees, quantifiers may want 1o samphe
young trees with rapid height growth per unit of di-
ameter growth separately from matwre trees with lithe
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height growth relative to the same increment of change
in dizmeter. [f quantifiers need an equation for small
trees, they may want to create one equation for smaller
trees and & second equation for larger trees.

Mext, determine the total number of irees to sample.
The minimum is 30 trees, bat at beast 50 trees is best
{Aldred and Alemdag 1988, West 2003}, (See Johnson
2000, Wharton and Cunia 1987, Aldred and Alemdag
1988, and Parresol 1999 for equations for estimating
confidence intervals for different forms of regression
equations,) Select the number of trees to be sampled in
cach size class. Divide the total number of trees 1o be
sampled by the number of trees sampled in each size
class o yield the number of diameter classes.

To determine the range of each diameter class, sub-
tract the minimum diameter 1o be sampled from the
maximum diameter to be sampled. Divide the range
of diameters to be sampled by the number of diameter
classes. This yields the span of cach diameter class, The
smallest size class would extend from the minimam
diameter to the minimum diameter plus the size-class
span. The pextsmallest size class would extend from
the upper boundary of the smallest class to that size
plus the size-class span. Repeat the process w define
all size classes to be sampled. If the equation will apply
only to young and moderate-age forests, the largess size
class shoubd be a fixed range, like all the smaller size
classes. [f the equation will apply to an old-grawth for-
st that may have very rare trees of very large size, the
largest size class should be open ended, to allow sam-
pling of 3 very large tree if one is encountered.

Rounding the span 1o an even number is helpful.
Rounding down requires an increase in the number
of sampled trees to maintain the desired number of
trees in each diameter class. 17 round ing wp, additonal
trees must be sampled in some size classes to reach the
desired total of sampled trees. Sampling more trees ina
particularsize class gives it more weight when construct-
ing 4 regression equation. As & result, when more Lrees
are sampled in some size classes, those classes should
contain the largest proportion of biomass, to mini-
mize 1otal efror in predictions across a project area.

When considering the potential range of tree diam-
eters, quantifiers should abso identify the helght of a
tall tree of the species and size range that will be sam-

pled, They will use this beight later to separate sampled
trecs, to limit correlation between sampled trees.

Identifying Sampling Locations and Trees

Landowners are often unwilling to cut trees to develop
biomass equations, Gainlng permission to sample re-
quires either paying for destroyed trees or convincing,
landowners that the research is worthwhile.

The goal of having a relatively small samiple that rep-
resents the range of trees to which the biomass equa-
tion will be applied guides the choice of method for
selecting specific trees to sample. Regression assumes
that all the points being regressed are independent. Be-
cause adjascent trees interact, sampling adjacent trees
violates this assumption. Some early studies sampled
all trees on a plot, This would be efficient for devel-
oping a stand-level equation. However, the goal is to
develop equations for individual trees, Thus sampled
trees shoubd be at least as far apart as the height of the
tallest tree. Ideally, quantifiers would sample only one
tree per stand,

To avoid bias, trees must be sampled randomby or
through a method that approximates random sampling.
{see Appendix 1). Totally random sampling would re-
quire identifying the diameter class to which each tree
belongs and then randomly selecting trees from each
class. For equations that will apply to a large area, this
would require an impractical amount of work and the
availablity of all trees for destructive sampling. In prac-
tice, access limits and conservation requirements may
miake some trees unavailable.

Methods that choose trees using a random start and
sample plots along a transect yield results similar o
strict random selection (Avery and Burkhart 1994), It
Is desirable w0 consider the range of sites to which the
equation will apply and classily lands as high or low
productivity, Sampling high-productivity sites sepa-
rately from bow-productivity sites will give a range of
heights for each diameter sampled. The set of high-
productivity areas and bow-productivity arcas become
separate pools for selecting individual trees to sample.
If site productivity is relatively homogeneous, quantifi-
ers may decide to sample stands with wide tree spacing
separately from stands with narrow tree spacing. This
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division would require expert judgment, as the sam-
pling necessary to quantify the effects of past spacing
would be costly, Quantifiers combine data on all trees
for regression analysis,

Consider the likely proportion of hollow trees or
stems with substantial decomposithon. [F most trees in
a diameter class are sound, stems in which more than
2 percent of the bole volume is misstng or decomposed
should be rejected. However, if substantial decomposi-
tion is the norm in large trees, quantifiers may decide to
sample whatever tree is initially selected, regardless of
decomposition, In that case, nonlinear regression will
be needed to fit 4 curve to information on tree weight,
and the predictive value of the biomass equation will be
lower than if substantial decomposition were not pres-
ent. If the project area includes a significant number
of hollow trees, quantifiers should measure the sizes of
kellows using destructive sampling, establish guide-
lines for characterizing the size of hollow areas, and in-
clude the characterization in the protocol for measur-
ing change in tree blomass,

Within accessible lands, randomly choose twice as
many starting points as there are trees to be sampled,
Randomly choose a direction for each starting polnt.
Order the randomly selected paints in a sequence such
that it & relatively efficient to travel from one starting
point to the mext,

During fieldwork, technicians should proceed 10
the first randomly selected starting point. Consider a
plot having a horizontal radius equal to half the height
of the tall tree identified when choosing the diameter
range 1o sample, [dentify the largest-diameter class in
which mose trees are needed. Start searching the plot
for atree in this class, Sample the first tree encountered
that is the sebected size, rejecting the tree only if it has
a broken top or if it violates any limits on the degree of
decompositbon. Do not reject the tree because it is not
vigorous or because it has less-than-ideal growth form.
The goal is to develop an equation 1o estimate the bio-
meass of 4 range of trees, not an ideal tree. If a tree s
found and sampled, move to the next plot.

If rvov tree of the first size class of interest s found on
the plot, determine the next-largest size class for which
trees need to be sampled. Sample the first such tree en-
countered that does not have a broken top. If a trec is
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enpcountered and sampled, move to the next plot. If no
tree such tree is found, determine the next-largest size
class for which trees need to be sampled and search for
such a tree, Repeat this process until a tree is sampled
or no more size classes remain. If a tree has been sam-
pled, go to the next starting point and start the search
process again.

If no tree was sampled at the plot centered on the
starting point, then find the randomly selected dinec-
tion assigned 1o the current plot, Travel in that direc-
tion for a distance equal to the identified height of a
tall rree. I this next plot center is outside the bound-
ary of the area to be sampled, stop and go to the next
starting point. If the plot center is within the area 10 be
sampled, determine the largest size class for which an-
other sample tree s needed. Search for an appropriate
tree and sample the first such tree encountered or move
in the selected direction if no appropriate tree is found.

Repeat this process until a tree is found and sampled,
sampling is complete, or the edge of the plot is reached.
If the edge is reached before all needed trees have been
sampled, go 1o the next starting point and continue
sampling. I is acceptable if a plot overlaps a plot asso-
ciated with a previously surveyed starting point.

Traveling to new starting points takes time, and
thus exacts a cost, but samphed trees must represent
the range of trees and situations to which the biomass
equation will be applied. The amount of travel time
is alen modest relative 1o the amount of time needed
for sampling. This process will involve traveling to a1
least a5 many starting points as there are trees to be
sampled,

Instead of random sampling. quantifiers may use a
systematic sample. This approach to locating plots is
best suited to situations where only one or a few large
blocks of trees are available for sampling. Divide the
area available for sampling using a rectangular grid
such that the number of intersections in the grid is
roughly twice the number of trees to be sampled. Then
randomly choose a starting point for sampling, ap-
ply the grid so an intersection ks located at the start-
ing point, and move systematically through the points
represented by grid line intersections. All needed trees
muy be sampled before all grid points are visited, and:
that is acceptable. (See Avery and Burkhart 1994 and
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other forest measurement texts for more on how o set
up a systematic sampling grid.)

The process of choosing specific trees to sample as-
sumes that large trees are rarer than small trees, and it
thus gives priority to secking and sampling large trees.
If the sclected height of a tall tree s greater than 25
meters or so, several hectares worth of plot area will
be available for looking for the largest trees before all
the preselected starting points have been searched, If,
despite this prioritization, not enough large trees have
been sampled when all presebected starting points have
been surveyed, field technicians can search for large
trees using whatever method they prefer. As long as
they sample the Brsl acceptable tree they encounter,
bias introduced by nonmandem sampling should be
negligible.

Weighing Tree Pieces in the Field

For remote bocations, crews can use & block and tackle
to lift substantial pieces of tree trunk, With a chain
saw and rope, they can cut saplings at the site and
fashicn them into a triped for holding the block and
tackle. Crews can place the tripod over large pleces,
aveading the need to move the pieces horizontally, 1T
heavy equipment is not available, trees can be cut into
small pieces for weighing, and labor can be substituted
for machinery, If the trees are valuable, it is probably
worthwhile to arrange for equipment that can lift mer-
chantable logs, to allow the sale of the timber,

Sampling Trees in the Field

Equipment for sampling trees in the Gebld includes a
chain saw, loppers, tarps. a large-capacity scale that
reads o three significant digits. a 10-kilogram scale that
reads 1o three significant digits, and permanent mark-
ers. Tarps are useful for weighing branches, sawdust,
and any small tree parts that fall off larger parts, Sup-
plies include data sheets and large, sealable plastic bags
for subsamples, If sample sites are accessible to wheeled
or tracked equipment, a bog loader (or any other piece
of equipment suitable for lifiing intact logs) and load
cell for measuring force can dramatically speed feld-
work. If crews usc a boader, they will need a chain or

equivalent 1o attach the load cell v the loader’s -
ing apparatus. Chokers are also useful for lifting logs.
Make sure the hooks on chokers can be attached to the
eye on the load cell.

If a loader is not avallabbe, crews will have o cut
trees into pieces emall enough to lift by hand. A peavey,
buarly field technicians, and a lever lilting system make
the process more tractable. If the weighing device can
easily tare to zero weight, tare the device while lifting
the empty tarp or cable, and then lift and weigh the
tree piece, If the weighing device does not casily tare tor
e, for each piece weighed, record the gross weight of
the tree piece, including whatever tarp or cable is used!
1o lift it, and record the weight of the tarp or cable not
including any tree part. Subtracting to find net weights
im the field Invites errors, so that should occur in the
office.

Ideally, all mmpling should be done when trees are
not wet from precipitation, to limit variation in dry-to-
wel weight ratios of subsamples. Dry material is avore
impartant for foliage measurements than for bale mea:-
surements. In some climates and with some species,
water content will vary measurably by time of day and
season. This vartatbon will increase the variance of the
observed dry-to-wet weight ratios.

The process for sampling and weighing trees de-
pends on whether they are to be harvested for lum-
ber, Large trees are vahuable, and destructive sampling
may be available only if it leaves logs suitable for sale.
This would require a load cell or other device that mea-
sures up 1o several tons. A 10-meter-bong log with &
midpoint diameter of 0.8 meters (315 Inches) can eas-
iy weigh 5 metric tons, and a 10-meter-long log with a
midpoint diameter of 1.2 meters (48 inches) can easily
weigh 1 metric tons. If power equipment is not avail-
able for weighing logs, pieces will have 1o be cut small
enough to be lified for weighing.

After selecting the tree to be sampled. note on the
list of trees to be sampled that a tree of the appropriate
diameter class has been measured. Before felling the
tree, record the plot coordinates (or other plot location
code). Then measure and record the tree’s diameter and
height. Fell the tree. If the tree will be cut into many
pheces, place a tarp to collect the bulk of the sawdust,
and weigh the sawdust. Use a measuring tape or la-
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ser measuring device to measure the tree height along
the felled stem (incleding allowance for the stump),
to check the height measured while the tree was still
standing. Record the height measurement from the
felled stem.

Crews will take four subsamples from each tree, for
determining the ratio of dry weight 10 wet weight. One
subsample will be branch and foliage material, and
three will be stem bark and wood., This ratio is roughly
proportional to the masses of branches plus fliage 1o
stemn mass in most trees,

To determine where to take subsamples, first mea-
sure the length of the live crown, Generate 8 random
number between zero and one to three decimal places
and maltiply it by the length of the live crown. Starting
at the base of the live crown, move toward the tree tip
the distance calculated by multiplying the live crown
length by the random number. Collect the subsample
at this point. For example, if the live crown is 10 me-
ters long and the random number is 0,675, crews would
measure 6,75 meters up from the base of the live crow,
Select the branch that is closest to the subsampling
peint. I the closest branch is in a whorl of branches,
select the branch that is chosest to pointing straight up
in the air. Weigh this branch with its attached foliage
and dead twigs, and record this weight on the section
of the data sheet for total branch weights,

During data analysis, quantifiers will sum all branch
weights and stem weights. They will mubtiply each of
these sums by the dry-to-wet welght ratio for the re-
spective components and add the dry weights 1o yield
total dry weight of the aboveground biomass of the
tree.,

1f the branch is too large to convendently bag, trans-
port, and dry, cut twigs (with follage) off the main stem
of the branch and place all the twigs and foliage on a
tarp, Then cut the main stem of the branch into short
sections of about equal length, select and retain every
third section, and discard the rest. Divide the twig and
foliage material into three equal-sized piles. Select one
of the three and discard the rest. Combine the retained
twig and foliage material with the retained branch
stem material, If this still does not reduce the mass of
branch material to a manageable amount, divide each
pile in half again and discard halfl Although it is best
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if the average wet subsample weight is no more than
2 kilograms, some subsamples can be up to 10 kilo-
grams, and many subsamples can weigh about 1 kilo-
gram. After creating a subsample of acceptable size, do
the following: tare a scale to the bag in which it will be
stored; place the subsample in the bag: seal and weigh
the bag: and write on the bag the tree number, the labed
of branch subsample, and its feld wet weight. Retain
the subsample for processing,

Mext, cut all branches from the bole of the tree, place
them on tarps, and weigh them. Record the weight {or
weights if there is too much material to weigh at one
time). If the weights include tarps or other contain-
ment or lifting material, record the weights of this ma-
terial next to the gross weights. If the scale is tared to
zero while the tarp (or other containment materfal) is
lifted, and the recordsd weights include the tree mate-
rlal, then record zero in the column for the lifting ap-
paratus weight

Cut off any stump 2t ground bevel. Weigh the stump,
record the weight as stump weight, and record the
weight of any lifting apparatus that quantifiers will
have 1o subtract from the measured weight 1o find the
welght of the tree stump.

If the tree trunk does not need to be cut into spe-
cific lengths for timber, cut the trunk into thirds of
equal length. Weigh the trunk. or each trunk section
if more convenient, and record the weight, Also, record
the weight of any lifting apparatus, which will be sub-
tracted from the measured weight to find the weight of
the tree material.

From the barge-diameter end of each tree trunk sec-
tion, cut a disk of wood 2 to 4 centimiters thick. 1f a disk
weighs bess than 1 kilogram, bag the entire disk. 1f the
disk welghs 1 1o 2 kilograms, cut the disk into two half-
circles and retain one half, 1f the disk weighs more than
2 kilograms, cut a wedge of wood shaped like a slice of
ple 50 the point of the wedpe is located at the pith of
the stem and the wide part of the wedge is the bark.
The goal is to obtain a subsampde that welghs no more
than 2 kilograms. Very thin wedges are hard to cut ac-
curately, and for large-diameter stems, the subsamples
may weigh more than 2 kilograms. Tare the scale to
the bag weight and individually weigh each subsample.
Write the tree number, sample location (stem battem,
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middle, or top), and feld wet weight on each sample
and bag. If samples are broken to fit into a bag, write
the sample information on each piece. Include all bark,
Record the field wet weight of each sample.

If the tree trunk is to be bucked into specific lengths
for timber, leave an extra 3 centimeters in the waste al-
lowance of each log, for cutting a subsample from be-
tween cach log. Buck the tree, weigh each plece, and
record the weights prior 1o subsampling,

If the tree yields only one log, cut two wedge sam-
ples from opposite sides of the top of the stump and one
subsample from the base of the tree tip section, 17 the
tree trunk yields two logs. cut one subsample from the
stumgp, one from the top of the first log or the bottom of
the second bog. and one from the bottom of the tree tip
segment of the top of the second log. If the tree yields
three or more logs, cut one subsample from the stamp,
one from the top of the first log or bottom of the second
log, and one from the top of the top log or bottom of the
tree tip segment. Follow the same procedure for sizing,
cutting, welghing, and labeling subsamples described
abave,

Processing Subsamples

As soon as possible, samples should be dried at 65°C
until their weight ks constant. This usually takes several
days, Janger for branch segments that are bonger than a
few centimeters. Immediately after drying, weigh and
recard the dry weight of each subsample. If the sub-

sarmple is in pheces, weigh all pieces together.

Analyzing the Data

To anatyze all the field data, first calculate and inspect
the dry-to-wet weight ratios of each subsample, exam-
ining any extraondinary values 1o see if they are erro-
neous, If any are incorrect, try to correct them using
the redundancy in data recording or other means. If
correction is impossible, discard the ratio for that sub-
sample. Mext, calculate an average vahse and standard
deviation for the wet-to-dry ratios of all branch/foliage
subsamples, Because only a single branch/foliage sub-
sample is measured from each tree, quantifiers can-

not do statistics to determine the sampling error. In-
stead, they should multiply the field wet weight of the
branches and foliage of each 1ree by the average dry-
to-wel weight ratio for the branches and foliage of all
trees sampled. This yields a dry weight estimate for the
foliage and branches of each tree sampled, The stan-
dard ervor of the estimate can be calculated and re-
ported for the average dry-to-wet weight ratio of all
trees sampled,

Mext, for each tree sampled, find the average of
the dry-to-wet weight ratios of the three subsamples.
Multiply the ratio for each tree by the measured green
weight of the tree bode to calculate the dry weight of
the tree bole. For each tree, sum the dry weights of the
stem, foliage, and branches to calculate the dry weight
of the total aboveground béomass.

Analysts have used a variety of forms of regres-
sbon equations to predict tree biomass as a function of
height and diameter. Aldred and Alemdag (1958) and!
Parresol (1999} assess the strengths and weaknesses of
several model forms.

Because tree density is relatively constant across tree
sizes, quantifiers can use equation forms developed for
calculating tree volume 10 caleulate tree biomass (Al-
dred and Alemdag [983). Tree biomass equations are
more directly applicable to measuring carbon stocks
than tree volume equations. Quantifiers must convert.
the results of volume equations to mass by multiplying
by wood and bark denaity, and this gives more oppor-
tunity for error. Volume equations are also harder to
create than simple biomass equations, (For a detailed
description of how to develop tree stem volume equa-
tions and forms of equations, see West [2003].]

Crown blomass is the most variable component
of aboveground biomass. Measuring the live crowm
length can slightly improve estimates of total above-
ground tree biomass, bat the improvement is so small
that it is not worth the effort (Aldred and Alemdag
1988).

Typical biomass equations forms are

M=ax[PxH,

M w4 (b ¥ x H),
M=axDFu

Equation A14.]
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where M is the aboveground biomass of the tree; @, b,
and ¢ are regression coefficients, D is the diameter at
breast height, and H is the total tree helght.

Each equation is developed for specific units of mass,
diameter, and beight. Equations with y-intercept terms
often give inaccurate predictions at the small end of the
diameter range. However, because the total blomass of
small trees is small, these errors will not significantly
affect the outcome (Aldred and Alermudag 1988),

Biomass equations often use the logarithms of di-
ameter, height, and blomass for two reasons. First, tree
biomass does to not grow lineary with diameter and
height, and the relationship of the logarithms of these
variables is substantially linear. Secomd, regression
requires that the errors be constant across the range
of the equation, but untransformed valoes produce
larger errors at barger diameters. Log transformation
makes errors constant across the range of values. Base
10 logarithms have been used in transformations, but
the natural logarithm (base ¢) transformation seems
to be favored for condecting ordinary least squares
regression,

When log-transformed equations are used, back-
transforming with the antilog to yield biomass esti-
mates in terms of the original units underestimates
biomass, Quantifiers can correct the estimate by a fac-
tor that inchudes the variance about the logarithmic
regression line. (Johnson [2000] and Wenger [1984]
provide such factors; see Parresol [1999] for 2 more
complete discussion.}

Quantifiers can avold this correction by us-
ing a weighted equation Instead of a nonlinear log-
transformed equation. When varkance of errors changes
a5 a function of a variable or variables, weighting by a
function of that variable can make the variance con-
stant over the observed range. Weighted equations can
give tight confidence intervals around biomass esti-
miates, without uncertainty about whether the antilog
bias correction is acourate (Parresol 2000).

For small trees, the regression model recommended
here is

MebnD¥uH Equation A14.2

Developing New Biomass Equations

where M Is the aboveground blomass of the tree, &
Is a regression coefficient. [ Is the diameter at breass
height, and H is the total tree height.

This model has geometric correspandence to the
volume of the bole of trees, Because it passes through
the origin, it can be fitted to give good results for small-
diameter Lrees with a positive diameter at breast height
(Aldred and Alemdag 1988). Because the bulk of tree
biomass is in the bole, it is desirable to use an equation
that reflects tree bole geometry.

For larger trees, quantifiers can obtain a somewhat
better fit using the following equation:

M=by+ (b« D % H)

where M is the aboveground biomass of the tree, by and
Iy, are regression coefficlents, [V is the diameter at breas
height, and H is the total tree height (Parresol 1999).
This model has heteroscedastic variance, and errors
should be modeled. Errors cannot simply be reported
ustng the fit index r*,

A generic equation for stem wood volume that will
return 4 volume estimate that is within about 15 per-
cent of the correct value for many species is

Equation A14.3

V= 0281019 o U2 Equation Al44

where V}; is the volume in cublc meters of stem wood
(excluding bark) from ground to upper tip, 1 is the di-
ameter of the tree at breast height (over bark) in meters,
and H is the total tree height in meters (West 2003).
This equation was created by averaging volume predic-
tions of equathons developed for individual hardwood
and softwood species fram around the world.

Provisional equations should be checked to ensure
that predicted biomass does not decrease as diameter
increases (except possibly for trees that become hol-
low at large diametersh. Quantificrs shoubd also check
that errors are normally distributed and that the equal-
variance rule is not grossly violated. Inspection of o
scatter plot of errors can reveal nonlinearity. Errors:
can be weighted by the factor of U{D*=H), and af-
ter weighting, the errors shoubd show equal variance
across the range of tree sizes addressed by the equa-
tion (Aldred and Alemdag 1988). If a provisional equa.
tion fails any of these tests, additional finting should be
performed.
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Appendix 14

Validating the Equations

Tdeally, factors should be validated by applying them to
data other than those from which they were developed.,
However, such data nsually do not exist because that is
why new equations were developed,

Sthll, quantifiers can collect additional data for use
in validation. For tree biomass equations, tree field
weight can be measured, and the ratio of dry-to-field
welght can be developed in the research used 1o cal-
culate their dry weight, This s still significant work,
but less than the complete set of measurements used 1o
construct equations,

If validating. quantifiers use points near the end of

the range to which the equaticn applies, especially the
end where most sequestration occurs, For tree biomass
equations, this means using some large trees for valida-
tion. The equations should be accurate where the larg-
est amounts of sequestration will eccor.

Amn alternative to collecting field data for validation
is comparing predictions from the new equations ta
existing equations. These inchude the generic equations
above, as well as the equations and sources of equations
included in the sectbon on writing monitoring plans
{see Chapter 2). Results from the new equations obvi-
ously will not match results from existing equations, oz
it would have been fine to use the existing ones. How-
ever, the differences should vary in a predictable way.
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Stand-bevel equations predict carbon stock per unit of
area instead of per single specimen. Blomass equathons
for individual trees are wsually more accurate than
stand-level equations. However, if detailed data on in-
dividual specimens and their carbon content may be
oo expensive to obtain, stand-level equations may be
the best option. Stand-level equations are most reliable
when applied to stands dominated by trees of relatively
uniform size,

Most stand-level equations predict carbon mass as
a function of tree species and the average diameter at
breast height of trees in the stand. Biomass expansion
factors, on the other hand, predict total aboveground
biomass as a function of merchantable timber volume.

When limited data on forests are available, that in-
formation may include the dominant species and aver-
age diameter of trees in the stand. IT not, these aepects
are relatively inexpensive to measure, However, stand-
level equations are confounded by varkation in site pro-
ductivity, and they do not account for different stand
histories, which affect the amount of carbon storage in
wondy debris and litter.

Tree density affects carbon stock in two ways that a
simple stand-level equation does not address. First, if
a stand has fewer trees than average, even if each tree
contains the same amount of carbon as all others of the
same diameter, that less-dense stand will have bess car-
bon per unit area than a denser stand. Second, on any
glven site and for any given diameter, trees that grow
more densely tend to be taller than trees that grow less

Appendix 15

Using Stand-Level Equations

densely. Thinning can have an even greater effect on
biomass as a function of diameter than tree spacing ag
stand initistion (Babdwin et al. 2000, Naidu at al, 1998,
Thomas et al. 1995). Because of these dynamics, stand-
level equations bascd on average stand diameter can
vield biomass estimates that are 30 1 40 percent larger
or smaller than estimates made using individual rree
diameters (Jenkins et al. 2003). Whether such large po-
tential errars are acceptable will depend on the regula-
tory of market system.

Anpother approach to estimating stand-bevel car-
bon stocks is to use a biomass expansion factor 1o esti-
mate carbon mass as a function of merchantable tim-
ber volume and forest type. Such expansion factors
are larger for bower timber volumes. This reflects typi-
cal stand conditions, in which lower volumes mean
smaller trees, which have a higher propartion of bio-
mass in nonmerchantable parts. As with stand-level
equations, biomass expansion factors are easy to ap-
ply to projected or cruised timber volumes. Like other
stand-level equations, biomass expansion factors apply
an average value that integrates the impact of manage-
ment and disturbance histories. As a result, for some
stands, the biomass estimated by calculating the mass
of individual trees and woody debris can differ mark-
edly from the blomass cabculated using a biomass ex-
pansion factor. The largest differences tend fo secur in
stands with lower volumes of growing stock (Smith,
Heath, and Jenkins 2003)
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Appendix 16

Calculating Changes in
Carbon Sequestration When
Soil Density Changes

Cuantifiers should cabeulate the soil carbon present at
each sampling site at the start of a project. If carbon in
roots ks also of interest, quantifiers should use the same
prodocol to calculate that stock. For each site, inputs to
the calculation of carbon stock per unit of area include

=The bulk density of the fine soil sampled.
~The valume of fine soil sampled.
~The propartion of fine soil that is carbon, by

weight.
~The cross-sectbonal area sampled.

The dry mass of fine material and bulk density
are measured during sample processing. The cross-
sectional area sampled at each site ks caloulated by mul-
tiplying the cross-sectional area of a single core by the
namber of cores collected at each site:

SampleArea = NumbCores % (n x (CoreRading™)
Equation A18,1

where SampleAnea is the total ares sampled at that site
In square centimeters, NumbCores is the number of
cores samipled at each site, and CoreRadivs is the radios
of each core in centimeters.

For example, if 16 cores are sampled at each site,
with each core hoving a radius of 3 centimeters, the

area sampled is

SampleArea =16 % (n = (3%) = 16 % 282744 =
452.390 cm?

The propartion of fine soil that is carbon is mea-
sured by analysis of dry combustion. The fine soil vol-
ume, bulk density, proportion of the mass that is car-
ban, and sample mass are converted to tons of carbon
per hectare®;

FineSailVodime x Density % ProportionC % 100
MyClimn SampleArea

Equation AlE.3

where MyCrha is megagrams (millions of grams, or
mietric tons) of carbon per hectare; FineSolVolumse is
the total volume of fine soll sampled at that site in cu-
bl centimeters; Density is the bulk density of the fine
soil in grams per cubic centimeter; FroportionC is the
proportion of the fine soll that is carbon, by weight
(ot percentage) as determined by dry combustion and
number of cores sampled at each site; and Sempledrea
is the total area sampled at that site in square centime-
ters. The factor 100 comverts grams per square centime-
ter to megagrams per hectare,

Continuing the example, suppose that sampling oe-
curs to a depth of 20 centimeters and the soil contains
no rocks or roots. Fine soil volume is 90478 grams,
the bulk density is 1.3 grams per cubic centimeter, the
propartion carbon is 0.01 (which is 1| percent carbon,
or about 172 percent organic matter), and the sample
area is 45239 square centimeters. The carbon stock
would be .

MG ha = 2047 S x . 3gm cm’ xD.01X100

16
452.39em”
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This is the amount of carbon per hectare to the
depth sampled. Sampling to a different depth would
vield a different reading of soil carbon, If the analysis is
in units other than grams and centimeters, quantifiers
willl need different conversion factors,

Calculating Soil Density

Quantifiers calculate bulk soil density for each site in
grams per cubic centimeter. Bulk density is used 10
check for changes in soil carbon density over time, and
it can be used to calculate carbon stocks on a per-unit-
of-area basis directly. To redoce the oumber of cal-
culations and the chance of error, the approach here
uses the inputs to the bulk density calculation (the dry
weight and volume of soil samples) to calculate carbon
stocks on a per-unit-of-area basis,

The balk soil density for each sampling site is the
rock-free density of fine soil that passes through & sieve
with 2-millimeter openings without grinding ? The dry
mass of soil from each site is divided by the volume
sampled at that st The volume ks the sum of the vol-
umes of all cores combined a1 that site, The equation
for caleulating the volume is

Valume = NiumbCares » (CoreLesgth 2 xCoreRindine” ||
Equation AT6.5

where Volunie is the total volume of the cores sam-
pled at that site in cubic centimeters, NumbCores is the
number of cores sampled at each site, CoreLength is the
length of each core in centimeters, and CoreRaddius is
the radius of each core in centimeters,

This equation assumes that all cores are taken to the
same depth. If that is ot the case, quantifiers must cal-
culate the average core length, Finding the bulk density
of fine soil requires accounting for the volume of rock.
fragments and woody material in the samples. Quanti-
fiers must subtract the volume of rock fragments (frag-
ments not ground and sdded 1o the fne soil) and wood
from the total sample volume to find the volume of fine
soil.

The dry masses of rocks and woody material are
found using laboratory analysis. The masses can be
converted 1o velume using default denstties or densi-

When Scil Density Changes

ties measured in the samples. The default density for
rock fragments is 265 grams per cubic centimeter, and
the default density for woody material is 0.5 grams per
cubic centimeter, Valume is calculated as

Volume =

Equeation Al6.6

Volume is caloulated separately for rocks and woody
material. The volume of fine sodl ks

VilumeFineSoil = TotelSampleVolume—
{RockVolume + WoodValime) Equation A16.7

Te find the bulk density, divide the dry weight of fine
soil {in grams) by the volume:

DiryWeight

BulkDensity = VolumeFanici

Equation Al6.%

Correcting for Change in Bulk Soil Density

To calculate changes in fine soil density, quantifiers
should use samples collected for measuring soil car-
bon, not the deeper increments avallable for correcting
for changes in soil density:

AFimeSeillensity = FineSoilDensity,~

FineSoilDensity, Eguation Al6.59

where A is the change, subscript 2 refers 1o the later re-
measurement, and subscript 1 refers to the initial mea-
surement. The change will be positive if the density is
rising, and negative if density is falling.

To cabeulate the change in the mass of fine soll from
one sampling to the next, quantifiers should use data
from the same cores:

AFtmeSoilMuss = AFineSilDensity x Vilume,
Equation 16,100

If the change in fine soil mass is more than | to 2 per-
cent of the total mass, quantifiers should account for
it. This requires using the proportion of carbon, by
weight, from the deeper samples:

AFincSailMass x ProportiontC = 100

SampleArea
Equation ATE.11

DenstyCorrection =
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Appendix 16

where ProportionC is the proportion of carbon mea-
sured in the extra depth increment of soil collected for
correcting for change in bulk density.

The density correction ks in metrkc tons of carbon
per hectare, the change in fine soil mass is in grams,
and the area sampled is in square centimeters. The pro-
poertion of carbon Is unitless, The factor 100 converts
from grams per square centimeter 1o tons per hectare,

The change in carbon stock at each sampling site is cal-
culated as

Alarbon,,, = MpChay — MpC/ha, - DersityCorrection
Equation A16.12

Al the elements of this equation are in units of metric
tans of carbon per hectare.
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The mass-spectfic ratbo is the average ratio of the dry
weight of manure samples to thelr wet weight or vol-
ume, The process of determining that ratio involves
collecting samples, measuring their weight or vohame,
drying them, and meazuring the dry weight of each
samyple. Quantifiers calculate the ratio for each sample
and then the average ratho and its uncertainty {see Ap-
pendix 3 on statistics). Samples can be dried in an oven
ata temperature between 60°C and 105°C, or water can
be removed from liquid samples by boiling or micro-
waving. Heating results in the loss of some volatile sol-
Idds, bat the boss should be modest. Samples should be
processed within several hours of collection to avoid
loss of organic material through decomposition. If
samples cannot be processed immediately, they can be
frocen or derilized for storage. After drying, immedi-
ately measure and racord the dry weight !

Determining Ratios by Weight

Wet-welght samples should be collected at several dif-
ferent times, spanning the range of manure types that
will eccur in the project. Enough samples should be
collected to ensure that the average ratho calcalated
from the samples is accurate, The average specific ratio
should have no morse than & M percent uncertainty at
2 95 percent confidence level (see Appendix 3). Collect
about 15 samples and determine if they provide ade-
quate accuracy. If they do not, collect and analyze more
samples, pool the new data with the eaclier data, and
recalculate the confidence tnterval.

Appendix 17

Determining Mass-Specific Ratios

Analyzing samples i3 simple for systems that han-
dle manure in solid form. Weigh the empty sample
containers, add wet manure 1o cach container, record
the wet weight of each sample with the container, and
then dry the sampbes and weigh again. For solid, reta-
tively dry manure, samples of about | kilogram are easy
to handbe and large enough 1o average out some of the
variahility in the manure. They also are large enough
1o allow the use of inexpensive balances 1o obtain accu-
rate weights, As a general rule, the measurements used
to calenlate project-specific ratios should be made 1o ar
leass three significant dighs.

To find the average dry-lo-wet-weight ratio, frst
find the ratio for each sample:

A= Eﬁf Equition 171
where B is the ratio for sample number n, dry, is the
dry weight of sample . and wet, is the wet weight of
the sample n, The two weight terms, wet, and dry_.
must be in the same anits, such as grams.
Then add the ratios and divide by the number of
samples:
N
PR
' J— !T Equation 172
where B, i the average ratio of dry weight to wet
welght, and N is the number of samples,
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Appendix 17

Determining Ratios by Volume

For liquid manure, the method presented here assumes
that the manure flow is measured by volume rather
than weight. The goal is to get a density of the dry
weight per unit of vabume. A sample size as barge a5 1 li-
ter may be necessary to capture a representative mix of
solids and liquid. Be sure to take samples that are rep-
resentative of the manure stream. For example, if solids
are washed into a digestion tank, capturing samples as
the shurry enters the tank will be more representative
than taking samples from the surface of the tank after
the solids have begun settling out of the liquid. Try to
collect samples that match the distribution of manure
conditions. 1f about 10 percent of the manure is much
wetter than the other 90 percent, collect 10 percent of
the samples in the wet manure. Carefully measure and
record the volume of each sample, and then dry the
samples and measure the mass or weight of the dried
samiples,

The volume of liquid samples is easily measured us-
ing a large gradusted cylinder, The volume of solid ma-
nure is somewhat more difficult 10 measure because of
the irregular shapes of pieces of solid manure. IF the
ratio of dry weight to volume of manure is needed, it
may be easiest to measure the volume and wet weight
of a large volume of solid manure, such s a container
of several dozen to a few hundred liters, This relatively
large amount of manure can be shoveled into a con-
tainer whose valume can be messured fairly aceurately,
Then the manure can be subsampled, and the volume
of the subsample can be inferred from its weight. The
subsample can then dried and weighed to find the rtio
of dry weight to volume.

For example, suppose that o velume of 100 liters of
manure is sampled, and that this mass weighs 50 kilo-
grams, If a representative subsample of 0.5 kilograms is

taken from the sample, this subsample can be assumed
tix have the same density as the sample as a whole and
thus can be assumed to be | liter in volume. The sub-
sample is then dried, and the ratio of dry mass 1o vol-
ume i3 found for the subsample,

The average ratio is found by calculating the ratio
for each sample, adding all the ratios, and dividing by
the number of samples. So, first calculate the ratlo for
each sample:

W,
Wetlol,

where R, Is the ratio for sample number o, DryWi, s

the dry weight of sample n in grams, and WerViol, is the

wet volume of the sample n in cubic centimeters. Them
add the ratios and divide by the number of samples
&

p2.

Roerass = -?—'

K= Equatien 17.3

Equaticn 17.4

wheere B serage 18 the average ratio of dry weight to wet
volume, in grams per cubic centimeter, and & Is the
number of samples. This method gives each sample
equal influence on the caleulation of the average, even
if the samples have different weights.

Finally, the uncertainty in the average ratio is cal-
culated following the methods described in Appendix
X We recommend that the estimate of the ratio have a
statistical precision such that the 95 percent statisticall
confidence interval is no more than #10 percent of the
mean value of the ratio,

If manure-handling practices change, it may be
necessary to develop a new dry-to-wet-weight ratio.
For example, changing the equipment used 1o flush an-
imal pens may change the ratio of water diluting the:
FINATCE.
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Methane

Quantifiers can estimate methane emissions as fol-
lows:

Metharecy,=| ¥ {MMWNXPWMTIL,}]KGWP
trpe-iredt
Equation A18.1

where Methane, , is the €O, warming equivalent
of the direct methane emissions of the project for the
period, MM, . ..., 18 the dry-weight manure mass of
each type of manure input into each manure treatment
system, P, is potential mass of CH, that could be
generated from manure of each type, TF,, . is the pro-
partion of potential CH, emissions that results from
each treatment, and GWP is the global warming po-
tential of methane!

If project emissions are not measured. quantifiers
can estimate project emissions for selected types of
manure management systems using values of £, in
Table A6 and values for TF, _, for selected mamure
treatment systems from Table A17.

For example, consider a project where 40 percent of
the manure is spread daily and the remaining 60 per-
cent is placed in an open anacrobic lagoon. Assume that
the project produces 1,000 metric tons of manure over
an accounting period. Using the appropriate numbers
in Equatton AIS.1 yields o methane emission over the
accounting perbod of 2,033 metric tons of carbon diox-
ide equivalent (see Table A18).

Appendix 18

Calculating Methane and
Nitrous Oxide Emissions

Mitrous Oxide

Cuantifiers can use the following equatbons to estimate
the CCY, equivalent of nitrous oxide emissions from
the dry weight of manure, the expected rate of N,00
emissions by manere management system, and global
warming potential:

MN = MM, % Ny

where MN, __ is the total mass in metric tons of nitro-
gen In each type of manure input into each manure
treatment qﬂem,MMw 15 the total dry welght mass
in metric tons of manure of a type, and N_ s the pro-
portion of ndtrogen in manure of type MM,

The mass of nitrous oxide emitted in carbon dioxide

equivalent can be calculated as

Equation ANS.2

NitrowsOnidey, =| ¥, (MM, xTE,. ) [xGWP
iy s

Equation A3

where NitrousCieide,, , is metric tons of CO, warm-
ing equivalent of the direct N,0 emisskons of the proj-
ect for the period, MN'H"' is the total number of metric
tons of nitrogen in each type of manure input into each
manare treatment system, TF__ is the expected mass
of N, emissions as a proportion of nitrogen input for
cach treatment, and GWP is the global warming po-
tential of N,0. TF,, can be measured or taken from
published values such as those in Table A17.
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Appendix 18
Table A16 Maximum PlJ"F‘ Potential Methane Production from Manure, Assuming Average Feed
PJJF
Country or devel (Mg CH, per Mg manure, dry weight)
L i 1PCC EPA
ol e Dedoped e (115888
Deiryovsie Developing nos7
o e Developed LTS
Nondairy cattle Developing o
i Developed 03015 -
e Developing 01943
Buffala All P
i Developed 01273
i Developing ) Q0871 |
Gouts Developed e 1
Gronte Developing 0.0871
sEsiiac Developed 072
basisasd Develoging CRTT)
Hoss Developed I 0220
o Deeveloping a7z
Myt Developed _ 02211
Rinurses | Developing Az
Praliry | Developed a6
poakey Developing 1808
 Cut ikt i 0.21846
Turkeys, broilers | UsSA i
by | o =

Note: Mg = megagrams, or metric tons,
Source: Calcualated from IPCC (20001, EPA (2001}, and EPA (2004).
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Calculating Emissions from Manure

Tabde A17 TF, . Proportion of Potential CH, Emissions for Various Types of Manure Treatments

e TF-“
Temperate i

System Conl ponditions coniticns Warm conditions Nobes
[ Sasaie a0t ools 0z

Diaily spread - om; | 0005 o |

Deep lilter o | 0 ni Cantle & swine

storage < | month

Dieep litter 039 045 072 Sorage > | month
| Poultry [T a0i5 0015
I Solid worage o - nals ooz

Dry lat i ' .05 005
;1: . a o3 Storage < | manth |

Pit 039 045 | oIz Storage > | manth

Ligquaid slurry kL] ) 045 f & | )
“;@hm o Tl | o iﬁi&l‘m;;n;

Anserobic digeiter -1 -1 . 0-1 Depends oo rale

of CH, capture &
| destruction

Compusting—estensive 013 0l | 05

Compasting—intensive D005 0.005 | 005

Acmbic 0.0 | o000 j| poal

MNoter: See Chapter 8 for information on managensent spstems. A cool lemperature i an sverage annual temperature beis than
15 warm Is an aversge annual tempernture greater than 25°C: and temsperate is an sverage snnoel temperature between
warm and cool.

Seurte: TPOC (2000,

Table A.18 Calculating Emissions When the Manure Stream Is Divided between Two Treatment
Practices, for a Total Waste Production of 1,004 Tons during the Accounting Period

|
Percentageol | Masure dry mﬂi.rm;drr GWE, Emlssicn,
Treatment | wastein treatment |~ mass, Mg marure TF e CH, Mg COLe
Dhaily spread | 4% | 400 l L1608 0,005 n 7
Lagosn 0% 800 0508 Lo 1 026
Tatal 100% w00a - | - = 2033

Note: Mg = megagrams, of meeiric ions,
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Appendix 19

The Dynamics of Methane
and Nitrous Oxide Emissions
from Soil

In soil, chemical transformations of nitrogen (called
nitrification and denitrification) can produce meth-
ane. The production of methane (called methanogen-
esis), nitrification, and denitrification occur through
electron exchange between two substrates, one an elec-
tron doner and the other an ebectron acceptor, The
so-called soil redox potential, a measure of the soil's
ability 10 oxidize a compound, is the most important
factor in determining which compound will serve as
an electron donor and which will be an electron accep-
tor. The soil redox potential is denoted with the symbal
Eh. The strength of the redox potential is measured in
millivolts, denoted mV, Solls with Jots of oxygen have
a high Eh and will tend to oxidize, or take electrans
from, compounds in the soil. Solls that are poor in oxy-
gen (such as those saturated with water) have a low Eh
and will tend o reduce, or donate electrons o, com-
pounds in the soil.

Most soil microbes obtain energy by breaking down
organic carbon bonds. These processes require the
carbon to donate electrons to an acceptor, If a soil is
acrated with high Eh {about 600 mV), oxygen (0] is
always the dominant electron acceptor, By accomplish-
ing the electron exchange, the microbes gain energy
and, at the same time, convert carbon (C) and O, into
C0,. If soil pores are saturated with water from rainfall
or irrigation, water can block the diffusion of O, into
the soil. With biological consumption of O, in the soil,
the O, concentration will rapidly fall and drive soil Eh
downward toward 200 mV or less. Under these O,-def-

cient conditions, the soil microbes will have to look fos
a new electron acceptor to survive, [n most soils, NO,~
is the second candidate electron acceptor,

A speclal group of microbes, denitrifiers, have the
capacity to use NO, as an electron acceptor, pro-
vided the soil’s Eh is sufficiently low. When the deni-
trifiers obtain energy, they donate electrons from C to
N0y~ This process converts MO~ to NO,~, During
the sequential processes of denitrification, the oxida-
tion states of N will reduce from +5 in NO,™ to 43 in
NO," o +2 in NO, 1o+ in N0, and finally 1o 0 in N,
as the N receives electrons. Thus the ultimate product
of denftrification is N, which is not a gresnhouse gas.
However, M0, which is a potent GHUG, is an interme-
diate product. Some N,yO often escapes into the atmo-
sphere during the denitrification process, before it can
be converted to N,. This is the reason that adding ni-
trogen fertilizer to soils beads 1o N0 emissions, And
this is also the reason why land-management practices
that seek to keep soil Eh high can help minimize these
emissions (sce Table $.4).

I a sail is looded for a relatively long time, such as
several days or weeks, most of its oxidants (0, nitrate,
manganese or Mu'", iron or Fe®, and sulfate) will be
depleted, and the soil Eh will drop to as low as -150
mV. Under these deeply anacrobic conditions, metha-
nogens wse H, as electron acceptors 1o produce CH,.
When 2 wetland soll is drained, the sequence above
will reverse, and the dominant process will shifi from
mecthanogenesis 1o denitrification, then further to ni-
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trification and CO, productbon. Figure A.13 shows how
COhy, N0 and CH, are produced, driven by soil Ehand
substrate concentrations,

Two basic laws of physics and biology can be used to
quantify soil redox potential and the resalting micro-
bial activities. The Nernst equation (Equation A1) ks
a classical thermodynamic formula that quantifies soil
Eh based on concentrations of the oxidants and re-
ductants in the soil lguid phase (Stumm and Morgan
L1

RT |osidame]

el ;Fxhl_wdw:.urrt
where El is the redox potential of the soil reduction-
oxidation system (V) Ej ks the standard electromotive
force (W), R 1s the gas constant (8314 lasol/k), T is the
absolute tervperature (273 + I, where ¢ is the tempera-
ture in °C) o is the transferred electron number, F is
the Faraday constant (96,485 Crmol), oxidant] is the
concentration {mol/l) of the dominant oxidant in the
systerm, and [reductand] is the concentration (mel/1) of
the dominant reductant in the system.

Soil microbial activity can be defined by the Mi-
chaelis-Menten equation (Equation A19.2), This equa-
thon is a widely applied formula describing the kinet-

Equeathory AR

fcs of microbial growth with dual nutrients (Paul and
Clark 1939):

C . [oxidant |
b KM o+ |oxiddupit ]

ﬁ_u_q -0 K Equation A19.2
whete Fi iy 18 the fraction of the oxidant reduced
during a time step; DOC is the available C concentra-
thon; [exidant] is the concentration (mol/) of the domi-
nant oxidant or electron acceptor in the systems and o,
I, and ¢ are cocfficients.

The Nernst equation quantifies soil Eh based on
concentrations of dominant oxidants and reductants
existing simulaneously in a soil liquid system, and
the Michaelis-Menten equation tracks the consuming
rates of substrates driven by the soil microbial activ-
ity. Because the two oquatbons share a commaon term,
oxbdant concentration, they can be merged to simulate
the soil biogeochemical processes driven by the micro-
biologlcally mediated redox reactions. Glven the con-
centratbons of dissolved organic carbon, oxidants, and
reductants, the linked Nernst and Michaelis-Menten
equations can be solved to determine the soil Eh sta-
tus, microbial growth rates, and consumptions of the
oxidants and available carbon through which nitrous
oxide or methane is produced {Li et al. 2004).
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Appendix 20

Market Leakage and
Activity Shifting

Some analysts distinguish between two different types
of displacement: market leakage and activity shifting.
(See, for example, the World Resources Institute GHG
project-accounting protocol 2003,)

Marke! leakage ocours when a project reduces the
prodduction of some good supplied to a market, with-
out a corresponding reduction in the demand for that
good. Demand is displaced from the project to other
supplicrs. Chapter 0 describes methods for quantify-
Ing leakage resulting from this type of displacement,

Activity shifting is the displacement of activities to
other locations when project lands are no longer avail-
able for wse. Activity shifting is relevant when there is 2
significant subsistence use of lands. For example, bocal
people might extract fuel wood from a forest for do-
mestic use. If a project prevents them from continuing
T use the forest as a source of fuel wood, they will ob-
tain it elsewhere.

This book considers such activity shifting a non-
cash displacerent of production and thus a market
displacement. That Is because, even if local people were
not paying cash for the fuel wood, the forest was none-
thebess producing it and they were consuming it When
the project prevents use of the forest for fuel wood with-

out providing an alernative domestic energy source
with lower GHG emissions, the demand for domestic
energy is displaced to other forests. This constitutes
leakage that should, at least in principal, be captured
by the methods in Chapter 10. However, when dis-
placement invelves non-cash activities, analysts must
use ahernative approaches 1o estimate the relationship
between supply and demand. As a rule of thamb, sub-
sistence demands are usually relatively inelastic.

1f activity shifting arises from a shifi of labor and
the shift occurs in a market econony, the methods in
Chapter 10 account for this effect. For example, con-
sider @ situation where a logger is labd off because a
praject stopa a logging enterprise that otherwise would
have provided employment. If that bogger finds another
logging job with a different company, presumably thag
company is either expanding its logging or replac-
Ing another logger who stopped working, If the com-
pany is expanding ks logging. the methods in Chapler
10 ghould account for that, If, on the other hand. the
laid-off logger replaces another worker who has Jeft the
workforce, the job shift s not increastng logging and
there iz no leakage.
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Terrestrial GHG mitigation projects seldom change de-
mand for a product. Instead, such projects usually ei-
ther increase or decrease product use.

Consider the case of increased product use. Becanse
emissions generally result from the production or use
of poods or services, production increases generally
cause emission increases, nod reductions. Obviously,
activitbes that increase net emissions cannot be used to
create offsets.

Some sequestration projects may cause future in-
creases in product use. For example, projects that plant
trees could increase the timber supply when the trees
are available for cutting. In theory, this extra supply
could reduce the price of wood, thus cansing an in-
crease in logging and negating some or all the seques-
tration achieved by the project. It is uncertain whether
these effects in the distant future will ever occur. Tech-
nologies change over time, incleding those for making
products now made of wood. Changes in tastes, wealth,
or land-use rules could increase or decrease the use of
wood, Because of uncertainty about future demand for
wod, the methods presented here do not attempt to
estimate these potential effects,

Consider another variation on increasing the use of
a product: substituting a bowes-emission product for a
higher-emission product. For example, suppose that a
project promotes the use of joists made of engineered
wond in buildings, replacing the use of snlid-wood
joists. The engineered joists wse less wood. allowing

Appendix 21

Land-Management Projects
and Changes in Demand

construction of the same number of square feet of new
buildings with 2 smaller harvest of wood, The switch in
joist technologies could decrease both the harvest and
emisskons from the harvest. The guestion is whether
this decrease in emissions counts as offsers.

For the decrease in emissions to count, it must be di-
rect to the project. If the maker of the engineered jolsts
merely buys materials on the commedity wood mar-
ket, the resulting harvest reduction will be indirect to
the project, and joist makers and house builders can-
not claim the emissions benefits as offsets. However, if
a jodst maker strikes a deal with a forest landowner to
preserve harvestable timber equal to the wood not used,
that timber can count as odfsets, and the joist maker
and the landowner owner can split any revenues,

Now consider the case when a project decreases
demand for a product, such as by persuading people
building new houses to ereate smaller rooms, thus pro-
viding new housing for the same number of people us-
ing less wood. This reduction in wood use reduces tim=
ber harvest and avoids seme emissions of forest carbon.
But as with the example of wood-use efficiency. the
emission reduction is indirect to the people building
hauses, The decreased use of wood produces an emis-
sions benefit, but the project docs not own it and thus
cannol claim it as offsets. To make the emissions bene-
fits direct to the project, house builders would have 1o
sign an agreement with a forest landowner 1o preserve:
some harvestable timber.
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Appendix 22

Addressing Leakage from
Forestation Projects

Most forestation projects that aim fo sequester carbon
exert a small impact on timber markets. Such markets
can easily adapt to small changes in supply, so most for-
estathon projects have high rates of leakage. For exam-
ple. consider a moderately large project that removes
100 acres of 50-year-old coastal Douglas fir from the
timber market. If harvested, this forest would have
vielded about 10 million cubic feet of timber,

In 2002, the U5, harvest of hardwood and softwood
combined totaled more than 467 million cuble meters.
(Howard 2004). To replace the bost 10 million cubic feet
of timber, each U5, supplier would have to begin pro-
duction just 6.6 minutes earlier each year. In reality,
o few suppliers would probably move up harvests by
days or weeks to make up the difference. The polnt is
that even a project of significant stze is small relative
to market flow and does not cause a significam discup-
tican, This analysis shows haw easily other suppliers can
compensate for the withdrawal of one supplier from
the market.

However, developers of forest projects can avoid
leakage by maintaining the supply of final products,
For example, a project developer could establish an
intensively managed timber plantation to replace the
supply lost from conserving existing forest. As long as
carbon stock is not declining on the parcels where har-
vesting continues, no leakage would occur.

Project developers can also avold leakage if the land
use they displace is declining overall. For example, if a
profect reforests land previously used as pasture, and

total pasture use s declining more quickly than off-
set projects are reforesting land, the project would
not displace demand for pasture. (However, the base-
line may have 1o take such changes into account—see
Chapter 5.)

Leakage can rise or fall during forest-preservation
projects, Consider a project that preserves a parcel of
forest and records 100 percent leakage in the eary years.
If developers eventually convert all nonpreserved for-
estlands into buildings, roads, and parking lots, the re-
maining forest would avold leakage. Because all non-
preserved forest is destroyed, and the only remaining
forest is preserved as part of a sequestration project,.
the preserved forest actually does reduce emissions.
However, only after most forestland has been developed.
does any reversal of leakage ocour. 1f analysts develop:
methods for quantifying this reversal, project develop-
ers could count more sequestered carbon as offscts,

Forestation projects can produce leakage even if
they increase the timber supply. That is because, besides
displacing prior uses such as agriculture, such projects
may spur other land managers to avoid some timber
production becanse those managers expect timber from
the projects to enter the market. However, studies have
shown that this type of leakage is small. The approachs
to calculating displacement from expanded forestation
Is the same as that for other displacement, but with
some sdded twists. I§ the project involves legal restric-
tioms that prevent harvesting, it could displace tree
planting for conservation.
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If a project preserves young forests, no leakage
would ocour until those forests reached typical har-
vest age. However, the long delay between planting
and harvest may make cakoulating displacement based
on the price elasticitbes of supply and demand imprac-
tical, For example, projects that entail planting trees
could increase the timber supply when the trees are
available for cutting. The expanding supply could re-

Addressing Leakage from Forestation Projects

duce the price of wood, prompting other landowners
to raise prodhuction, negating some or all of the seques-
tration achieved by the project. However, changes in
the technigues for making wood products, consumer
tastes, wealth, and land-use rules could increase or
decrease the use of wood. Because future demand foe
wood Is uncertain, project analysts should not try Lo
estimate future impacts.
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Appendix 23

Using Regression Analysis
to Calculate Elasticity

Analysts should e regression 1o calculate elasticity
only il they correct for several factors. For example,
they can adjust for inflation by including the consumer
price index as an independent variable in the regres-
sion. Using a bog-linear equation form often adjusts for
nomlinear information. Serial correlation should be
tested and corvected if present. One method for cor-
recting for serial correlation is the Cochrane-Oroutt
procedure, Analysts should impose a restriction that
the function is homogeneous of degree 2ero in prices
and nominal income (Attheld 1985} If analysts cannot
meet the conditions for regression., they can use simul-
taneous equations to caleulate elasticities.

For example, Kim (2004} finds the demand elastic-
ity for a project that reduces rice acreage by regress-
ing total LLS, rice consumption (G ) on rice price (P,
the consumer price index (CP1), and total rice expendi-
tures {EXP) using a log-linear functional form. He also

uses a Cochrane-Orcutt procedure to correct for serial
correlation and imposes a restriction that the function
is homogeneous of degree zero in prices and nominal
income. The results are

Lo Q= 0.9064-0.9139 Ln F~04672 L CPI 4

LogN Ly EXP

200 (-13610) (~4.788)  (20.558]
R-Square = 0.924 OW =200

Equation A23.1

where L s the symbaol for the natural logarithm,
the numbers in parentheses are ¢ statistics, R-Square
is & goodness-of-fit indicator, and DW is the Durbin
Watson statistic, which tests for the presence of serial
correlation.

Using this equation, Kim finds that the demand
clasticity (E] is ~0.9133.
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Guidelines for Auditing
Greenhouse Gases

The EPA's Emission Inventory Improvernent Program
(EITF) lists five types of audits designed to address the
quality of data companies report {see Table A9} The
ENP includes specific instructions as well as general
principles for conducting these audits, even provid-
ing sample checklists and auditors’ reports, Although
some of the more detailed suggestions do not apply to
GHG inventories, the examples make excellent starting
points for developing a GHG registry and accounting
and verification protocols.

Table £33 Audit Types, as Classified by the ENp
I

l Audia type

The 115, Envirenmental Protection Agency’s Green-
house Gas laventory Cruality Assurance/Quality Con-
trol and Uncertainty Management Plan applies many
of the principles outlined by the EIIP to GHG invento-
ries, and it can also be an excellent foundation for de-
fining verification tasks, Other guidelines for auditing
emissions invemorkes range from broad principles (the
Global Reporting Initiative’s Sustainability Reporting
Guidelines) to step-by-step checklists (the California
Climate Action Registry) (see Table A.20)

ibjective

| Mlanagement systems
Technical systems
Performance evahiation

acceplable limits.
Dutatrepoet

Drata qualizy

Determine the appropristeness aof the management and supervision of inventory-
development activities and training of inventory developers.

[Determine the technical soundness, effectiveness, and efficiency of the procedures used 1o
gather data apd caleulaze emission results,

| Determine whether the equipment wsed 1o collect quantification data operates within

| Determine whether the resuls reported acouranely reflect the emission results caleulated
anid recorded in the supportive data,

| Determine the accuracy and completeness of the data used 1o d.wl:lnp the emmission resulis,
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Table A.20 Guidance on Verifying Emissions lnventories

Hegisry
This volume

U5, EPA Emission Inventary l
Improvensent Program

LS, Greenhouse Gas Inventory l
Quality Assarance/Quality |
Caontred and Unecertainty
Management Plan l
‘world Basiness Council for
Sustainable Development and
Warld Resources Inititute
[WRCSIVWERI GHG) Protocal

GRI Sustainability Reporting
Guldelines |

International Standards
Organization 1400

EroeiCOM

Kyotofinventary review

Environmental Resowrces Trusi:
Carporate Greenhouse Gas
Verification Guideline

_I GHG Assumed inventary
o lpﬁ.‘ii:L- prirparse Nabek
California Climate Action I ¥ Baseline protection I Step-by-step, pablicly posted protocol,

Creave tradable offiets

Regulatory compliance

Multiple

accoumability

eoantability

accountability;

regulatory compliance

| Regulatary compliance

Regulatory compliance

Specific o aifsets generated from ternestrial
GHG sinks.

Thorough treatment of audis principles.
Including the Data Anribuate Rating Syitem for
evaluating data qaality.

Muost thorough trestment of quality-assarance/
quality-control principles applied 10 GHG
leventarkes.

General principles only: no procedures.

General principles only: no procedures.
Appropriate for corporate self-audits only,
Gowerns suditing of corporate environmental-
management systems only,

Marrakech Accords provide general guidelines
for auditing ofset projects, CINM Executive
Board may release specific gaidelines in the
futizre. Oine of the few sources of guidance on
validating offscts.

General guidelines for auditing national GHG
Inventories fran the sighth Conference of the
Parties. Some principles also apply to offset
projects.

Designed for corparation-wide awdits.
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Appendix 25

Verifying and Registering Offsets
under the Kyoto Protocol

The Eyoto Pratocol’s Clean Development Mechanism
(CDM) is developing an extensive by-the-project sys-
tem for validating and verifying greenhouse offsets.
The CDM offers countries committed to reducing their
greenhouse gas emissions (those with emissions caps
and listed in Annex B of the Kyoto Protocol) the op-
portunity o sponsor GHG-reduction projects in devel-
oping countries that do not have emissions caps. Rig-
orous validation and verification of these projects is
impartant because project developers must define their
boundaries and calculate baselines, additionality, and

To be fully vetted in the Kyoto CDM system, prajects
must fiollow several steps (see Figure A 14). The system’s
rigor lies in the fact that each project passes through
the hands of two thisd parties, known as Designated
Crperational Entities (DXOEs). The first DOE validates
the project, Besides certifying that the design is com-
petent, validation ensures that the CDM registry will
accept verified and certified reductions reported later.

The second DOE performs verification and certif-
cation: "Verification is the periodic independent review
and ex post determination by the designated opera-
thonal entity of the monitored reductbons in anthropo-
genic emissions by sources of greenhouse gases that
have occurred as a result of 2 registered CDM project
activity during the verification period. Certification is
the written assurance by the designated operational en-
tity that, during a specified time period, a project activ-
ity achbeved the reductions in anthropogenic emissions

by sources of greenhouse gases as verified” (United Na-
tons 2002).

The Kyoto Protocol’s Marrakesh Accords allow a
project to request and receive approval to use the same
DOE for validating and verifying offsets, but note that
this should be the exception, The CDM Executive Board
does not specify a schedule for verification activities, It
is the DOE's responsibility to perform verification ap-
propriately so it supports certification for the crediting
period defined in the project design, This period can be
up to seven years long and renewed twice or 10 years
long and ponrenewable.

Parties apply to the CDM Executive Board to be-
come aocredited DOEs. The board's Accreditation
Panel appoints a team to review the application, con-
duct an assessment of the entity applying to become a
DOE, and witness an applicamt perform its first vali=
dation or verification. If the panel is satisfied with the
results, it recommends that the Executive Board accept
the entity as a DOE for the type of project for which the
entity has demonstrated competence in validating or
verifying.

The Eyote Protocol specifies a second mechanism
besides the COM, known as Joint Implementation (115,
for creating GHG offset projects within countries thag
have agreed to cap their emissions under the proto-
cod, Unlike the CDM registry, the protocol does not
directly mandate a central 1 registry, so independent
registries must set validation, verification, and accredi-
tation standards for |1 projects. The Dutch ERUPT sys-
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tem is beading the way, with a validatbon-verification
setup similar to the CDM mechanism.

Those wishing to become accredited third partics
(DOEs) under ERUPT apply to the Dutch Board for
Accreditation. As under the CDM scheme, applicants
are subjected 1o a desk review, site inspection, and wit-
ness assessment. The Duteh board may streamline the
process for certifving a DOE already approved by the
CIM process.

Figure A4 The process followed by an offset
In the Kyoio Clean Development Mechanksm
(DM process, The COM odlers coumtries
committed 1o reducing thelr greenhouse

gas emissions—those that have emissions
caps and are lsted in Annex B of ihe Kyote
Protecol—the opportunity 1o sponsor GHG-
reduction projects in developing countries,
which do not have emissions caps, and in o
dodng to get credit for emissions reductions as
if they oocurred in their country. To be fully
vetted in the Kyoto CDM system, projects
must follow the steps illastrated here,

Cleas Development  Devignated
Mgchasism Matkenal
Exncutive Board Aanhority

/

The Kyoto Registry System

The Kyoto system is remarkable for supporting multi-
phe registries and a hybrid of closed and open markets,
Kyoto registries track four types of emissions allow-
ances. One type I8 permission 10 generate ane metric
ton of C0,e of anthropogenic GHGs at any time during
the 2008-2002 compliance perlod. At the end of 2012,
a true-up occurs, and the system retires allowances

Frajec Dhugratod
Duveloper Cparatignal
- Entity

| Fe

DOEN

quantify
EFTE S e
Hinks
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equal 1o each country’s emissions during the compli-
ance period. The protocol defines basic allowances as-
signed by Article 3 (known as assigned amount units
[AAUS]) as five times a designated fraction of each
country's 1990 emissions, The combined AAUs form
the 2008-2002 cap.

Removal unkts (RMUs) are additional allowances,
each representing ane metric ton of COye of anthropo-
genle GHG that Is offset by land management. RMUs
allow each country to inflate its portion of the gross
emissions cap, limited by that country’s capacity to
absorb an equivalent amount of carbon in forests. Al-
though BMUs are created by the Kyoto Protecol, they
are not now traded. Instead, countries with emission
caps trade sink amounts by turning them into national
allowance units (AAUs) or emission reduction units
{ERUs).

11 projects convert AAUs 1o ERUs, allowing emis-
sion reductions to move from one country with an
embissions cap to another. Becanse ERUs are converted
AAUs, they do not affect the market cap. ERUs give de-
vedoping countries confidence that the allowances they
sellare backed by a true reduction in national emissions,

Certified emission reductions (CERs) are allowances
generated outside the market cap by non-Annex B
countries and sold to Annex B countries inside the
cap. CERs are an open-market commodity sold into
a closed market, and they have the effect of increas-
ing the total number of tradable units without raising
global net emissbons. Because RMUs and CERs can ex-

Offsets under the Kyoto Protocol

pand the closed-market cap defined by the quantity of
AALTs, the Kyoto system is a hybrid of closed and open
markets,

The system wses three types of registries (o manage
this complex arrangemsent: national registries, CDM
registries, and the transaction log of the UM, Frame-
work Convention on Climate Change (UNFCCC).
Each Annex B country operates a natbonal registry that
tracks the emissions allowances assigned to, gener-
ated by, and purchased by that country. A single CDM
registry operated by the CDM Executive Board holds
and trades CERs generated by non-Annex B coun-
tries, which do not maintain their own registries, Each
non-Annex B country that sells CERs must write a let-
ter af approval authorizing the transfer of these tons tor
ather countrics, The designated national authority that
writes these letters does not have to track the amounts:
or ensure that they meet any quality standard. The
UNFCCC secretariat maintains the transaction log—
a registry of trades among national registries and be-
tween national reglstries and the CDM registry, The
transaction log determines that

=The transferred units are not retired or canceled.

~The units do not exist in more than one account.

=The units were not improperly issued,

=The requesting parties are authorized to request
the transfer.

~The modified content of each account does mot
vinlate the protocol.
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Choosing a Registry

Orifsets galn market value when they are vetted and
made nccessible through registration. But which regis-
try provides offsets with the maost legitimacy and there-
fore the highest value? The answer depends on whether
sellers are secking financial rewards or recognition,
(5ee Figure A5 for a general roadmap for choosing
a registry, beginning with the fundamental question,
“Do [ want 1o sell?”)

Regardless of the seller’s purpose in registering off-
sets, selecting a registry before initiating a project is es-
sential. There are two reasons for this. The first is that
some registries have specific requirements for validat-
ing projects during the design phase. The second is that
a registry that will accept the proposed affiets may not
exlst, depending on the nature of the project and its
geographic location.

Registration under the Kyoto System

If a project developer wishes to create fungible (that is,
fully tradable) offsets, then the registries supporting
the Kyoto Protocol are the most thoroughly considered,
often used as a model by other reglatries in the mak-
ing {see Appendix 251 If a project’s host country has
ratified the Kyoto Protocol, registration under Kyoto is
the most desirable destination for a land-management
offset,

How a project fits into the Kyoto system depends
entirely on its host country. Annex B countries have
been assigned emissions caps under the protocol (see

Table A.21). If the project is in a nos-Annex B coun-
iry, then it falls under the purview of the Clean De-
velopment Mechanism (CDM), Many types of energy
and industrial emissions-reduction projects qualify for
CDM registration. However, among land-management
efforts, the system now recognizes only reforestation
projects. To reglster a project under the CDM, develop-
ers must prepare a design document for the CDM Ex-
ecutive Board before beginning the project.

If the project is in an Annex B country, then the
country must be an “economy in transition.” Such
countries are permitted 1o sell offsets from folnt Im-
plementation (J1} projects to countries with stronger
economibes (see Appendix 25).

Countries with embssions caps may include seques-
tration resulting from changes in agricultural soll, land
use, and forestry in their national inventories of emls-
sions, These sinks could creste emission reduction
units (ERUs), which could be traded under the ]I pro-
gram. Mo systems vet exigt for creating ERUs froms
changing land-management activities. Project devel-
opers would be wise to open negotiations with their
federal government early to help create a market for
land-management offsets.

Registering Offsets for Financial Gain
cutside the Kyoto System

Several reglons around the wosld are establishing sys-
tems for trading GHG allowances or credits outside
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Figure A15 Roadmap for choosing an offsel registry, For an offset to have market vakue it
must be registered with an independent agency or registry. The 1ype of reglstry o choose
depends upon a variety of factors, including the natuse 2nd the goals of the project.
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Tabile A.21 Countries That Have Ratified the Kyote
Protocol

Antigaa and Geotgia New Fealand
Rarbuda Germany Nicaragua
Argenling Ghana Niue
Armenia Gireece Maorway
Austria Grenada Paulan
Azerbabfan Gustemala Panairia
Babamas Guinea Papiza New Guinea
Bangladesh Guyand Paragusy
Barhados Honduras Peru
Helgium Hungary*® Philippires
Belize lceland Poland”
Benin India Portugal
Bhutan Ircland Romania®
Balivia larael Hussian
Botgwana Taly Federation®
Brazil Jamaica Saknt Lucia
Bulgaria® lapam Samoa
Burumdi Jordan Senegal
Cambodia Kiribati Seychelles
Cameroon Kyrgyzstan Slovakia®
Canada Lans Slovenia®
Chile Latvia® Solomon Islands
Chima Lesotho South Africa
Cobarmhia Liberia South Korea
Coak lslands Lithwania® Spain
Costa Rica Luxenbaurg Sei Lanka
Croatia Madagascar Sweden
Cuba Malawi Switperland
Cyprus Malaysia Tanzania
Czech Republic®  Maldives Thakland
Denmark Mali Trinidad and
Dibouti Malta Tobage
Daminican Marshall lslands ~ Tunisia
Republic Mauwritius Turkmenistan
Ecuador Mexiko Tuvala
El Salvador Microniesia Uganda
Equatorial Guinea  Moldova Ukrafne*
Estonla® Mongalia United Kingdom
E.C. Muarocon Uragusy
Faii Myanmar Uzbekistan
Finlamd Mamihia Vanuatia
France Mauru Vietnam
Gambis Metherlands

Notes: Annex B countries are listed in boldface: Anpex B
countrics that may host Joist Implementation projects are in-
dicated by an asterisk,

the Kyoto Protocol. The Evropean and UK. emissions-
trading systems are examples, but they do nat register
fand-management offscts, The New South Wales GHG
Abatement Scheme in Australia is the only system now
accepting such offsets—{rom afforestation and defores-
tation only. Land-management offsets created outside
MNew South Wales may qualify for that market under
limited conditions. Cther emissions-trading systems
are in early stages of development in Canada, the
northeastern US., and elsewhere, and they may even-
tually allow sabes of offsets.

If project developers cannot find a regional trading
matket, then a private market is the only remaining
option. One such market, the Chicago Climate Ex-
change, is operating demonstration trades, and it ac-
cepts same types of land-management offsets created
in Morth America and Brazil Another market, Cli-
miate Trust, acts more as a broker with high standards
than as a registry, but it is open to creative approaches
1o GHG reduction and can be an effective conduit for
offset sales. Prices for offsets registered with the Cli-
miake Trust have ranged from 52 to $10 per metric ton
of COhe—a testament to the rigor of the reglstry's
standards.

Registering Offsets for Recognition

Some project developers may prefer to register offsets
without financial gain because they want to

~Track their gross annual emissions.

=Achieve voluntary cats in emissions.

- Reap public-relutions benefit from their efforts
to create offsets.

~Ensure recognition of early action on green-
house emissions because they anticipate futare
regulation.

Two worldwide programs exist for this purpose. The
World Economic Forum's Global GHG Registry records
companies’ greenhouse emissions and reductions, The
International Council for Local Emvironmental Initia-
tives administers Cities for Climate Protection (CCP)
for citbes, counties, and other small governments, CCP
i not a registry, but it does provide standards and tools.
for consistent GHG accounting.
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Chooaing a Registry
Table A 32 GHG Recognition Programs That Accept Land-Management Offsets
i i ' Can offscts ‘
| originate Entity-wide
Oganization Doenain domain? lowwed quired | Webaddress :
| LS. DOE W05k Us, Mo & Kyota GHGs « X l [r——— Yes
others periaiali a5
frtvegg herel
.5, EPA Climate Global nls B GHGS (il Yes W, vl ot Enal;
Leaders finalizing | climateleaders probably yes
met Bodology)
State of Wicomsin | Wisconsin No 0, methanc, Ko wwwdnrslate Yo
hydrofluorocarbons, wiis
O, VO, mercary, l
lead
| E—
© Staneof Mew bersey | Now fersey | Posaibly OO and methane Na o Ned et
- N | g plaggen/ determined
California Climate California Yes, U5 BGHGY Ties L Mot et
Action Registry | climatenegistey. determined
{CCAR) 8 £ .
Chicago Climate Morth | Omlyiffrom | Soil, forest, methane. e | www. Yes
Eachange America Brazil 0y, 6 GHG chicagoclimatex,
coml
| Glokal Greenbouse | Glabal nls | &Xyowo GHGs but Yes Winmeioctam, | Vs, et sbpuit.
Gas Register | reported separately orgighg separately
from emmissions toeals
Climate Neatral Global n's BGHGs No WL Yes, same Types
Metwork chimaterseutral.
e woml
Enviroaimental Global nis & Kyoto GHGs famy if Yes wrw poa-online. Yes
Diefersse wezrphes) org
Cirernbsnise Glubal nia BGHG Yeu L Nod yel
Gas Provocol ghiprotocol org deterenined
| [WRIWBCSTH
Carady’s Vodunasry Cansds Yes & Kyoso GHGs i WWWNCE-MVELE Yes
Ol
Lmﬂhﬂﬂ; Auairalia Mo & Eyoto GHGs (mot Tes mfm Nod yetr
Challenge | afficially accepting povauichallengef | operational
EcolESte {Cuatbec) | (racbec | Possibily & Kyueo GHG ™ —— Notyet
o pouv.gE A determined
| Environmental | us Yes 0, methane, N, Yes wwwert.net Yes
{m Trust | 0%

Notes: LS. DOE = LLS, Department of Energy: ULS. EPA = ULS. Environmental Protection Ageocy; VOU = volstile organic
carbon; NOW = nitrous oxides; 500 = sulfier oxides.
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If neither program is appropriate, several countries
also offer programs through which parties can set val-
untary GHG reduction targets. Some of these programs
include a rudimentary registry through which partic-
ipants can report their annual GHG inventories and

the results of offset projects. In the United States, a few
states, including New Hampshire and Wisconsin, have
established demonstration GHG registries that sccept
offsets. Table A.22 provides a sampling of recognition
programs throughout the world.
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This appendix provides a step-by-step guide to estab-
lishing sampling plots and measuring biomass for 2
forestry project.

Equipment List

Wicinity map

Site map marked with plot-center becations
and coordinates

Sampling protocol and tree-identification
gulde

Data sheets, data sheet holder, pencils

Flot-layout graphic

Slape-correction table

Calcubator

GPS receiver and batteries

Compass

Rebar & PVC tube, | each per plot

Hammer or small sledge

Rangefinder (with or without reflector and
reflector holder) (optional)

25 m tape

Wire lags

15 ¢m ruler

Diameter tape

Clinometer {(device for measuring the angle of
1 line of sight above or below horizontal—used
to measure tree height)

Optical dendrometer {instrument for measuring
tree height and girth) (optional)

Appendix 27

Sample Field Protocol:
Establishing Plots and Measuring

Biomass in a Forestry Project

Callipers with 1. 3, 5, and 10 cm fixed gaps (saplings
and wood debrig)

Adjustable caliper, capacity up to the maximum
tree diameter

Sampling frame for measuring litter, 0.5m » 05m,
that can be disassembled

Pruning shears

Permanent marker

Ziploc bags, gallon size, | each per plot

Compactor bags, 3

Spring scales, 100 gm, | kg, 10 kg

Machete (optional)

Bug repellent, paison ivy block, rmingear (optional)

Personal safety and health supplies: water, food,
first akd kit, radio or phone (optional)

Establishing Plots

Mote the start time when leaving the vehicle, Using the
vicinity map, site map, plot-center coordinates, and
GPS, go to the plot center. Note any permanent land-
marks useful for future relocation of plot, Ensure tha
compass readings are made away from significant mag-
netic objects, such as the vehicle, rebar, and steel 100ls,
Mote the time at which the plot center is located and
reached,

Pound the rebar into the ground at the plot center,
leaving a few centimeters above the ground to use asa
stake for tapes used to measure distance from the plog
center. Hook the tape on the rebar, and place the PVC
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Table A.23 Slope Correction
P R
fpercent) | Dibaplot | Giihaplot | 0002haplot | 600Shaplot | 0001 ha plot
a | 17se 64 12 | am 178
s | s | ss | s w | 1w
|10 1793 se7 | 154 I am N
(L] 04 an | 255 403 180
b 1515 578 | e | m
5 .39 582 20 ] 184
L o ““’"L_ 289 143 1 'L'I_? _114
5 1890 ss | 147 an 18w
W 1922 e | 2n 430 192
e 1956 819 im anw 1% |
re 1955 iz 446 159
s 2036 atn | 2ms | ass | a4
6 08 a5A LY 465 208
les | 2 673 W | 4w | s
70 27 aEa 108 a7 28
7 uw | s s 499 i
80 185 e i s T
85 Baz 740 am 524 1M
a0 2400 750 X 537 240
o | ma | wm | s | sw | e
100 | = 798 a5 | sea 152

pipe over the end of the rebar, Attach the GPS receiver
1o the top of the FVC pipe. and record the GPS read-
ing of the actual plot center bocation. The GPS receiver
is easily attached to the PVC by tying a l-centimeter-
diameter stick to the receiver and sliding the end of the
stick into the top of the PVC pipe.

Measuring Woody Debris

Start by measuring medium debris, before the plot is
trampled. Establish a north-south transect and an east-

west transect, both passing through plot center. Make
transects 50 meters bong, extending 25 meters from the
plot center in each of the four cardinal directions. For
each plot, use the same transects for all woody debris.
litter, and shrub and sapling measurements.

At the plot center, use a compass to sight south, and:
note the true due-south line relative 1o terrain features.
Starting from the plot center and moving south along
the transect, stretch a tape. Along the first 5 meters of
the transect heading north from the plot center, record
the diameter of cach piece of debris greater than or
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equal to 1 centimeter in diameter bt bess than 10 cen-
timeters in diameter. For each piece, record the decay
class—hard or soft, Count suspended pieces that cross
the transect, as long as the roots of the plant are not
still attached 1o the piece and in the ground. Record
decay classes as H for hard and 5 for soft. Hard debris
is debris that would break with a cracking sound or
splinter and that would give a salid or ringing sound if
struck with a machete, Soft debris would break quietly
and would typically break close 1o a plane perpendicu-
lar to the growth axis. Soft debris would also give a soft
or squishing sound if struck with a machete.

Complete the location of the south transect to its
full 25-meter length. While measuring the woody de-
bris transects it ks efficient 1o also mark the boundar-
ies of the tree plots, Placing a flag at 564 meters and
1784 meters from the plot center marks the edges of
the medium and krge tree plots and may speed de-
termination of whether individual trees are inside or
oulside the plot. 17 the slope is greater than 10 percent,
correct for it in measuring these distances, Sight back
north, and establish the coarse-woody-debris transect
extending nosth from the piot center. Make a compass
sighting from plot center 1o locate the east or west tran-
sect. Saght back along it in order 1o locate the other east-
west coarse-wonsly-debris transect, As with the south
and north transects, placing flags ar 564 meters and
17.84 meters from the plot center may speed determi-
nation of whether individual trees are inside or outside
the plot. As thess transects are established, measure
and record information on coarse debris while the tape
is still stretched along the transect line, before estab-
lishing the pext line. (Coarse woody debris is defined
a5 dead woody material where the growth axis is more
than 45 degrees from vertical or dead woody material
of any orientation where the piece is not attached 1o its
roots or the roots are not in the ground.) Record the
diameter and decay class {I through 5—see below) of
cach pbece of debris that crosses the transect and is 10
centimeters or greater in diameter. [ the species can be
identified, record the specles.

Ifworking as a multiperson team, frst establish and
flag the coarse-debris transects, and then take measure-
ments, If there is uncertainty about whether a piece
crosses the transect, the person collecting data can hold

Sample Field Protocol

4 finger or a flag above the midline axis of the pece.
and the person recording data at plot center can skght
to the flags farther out the transect and judge whether
the piece crosses it. Be careful not to disturb litter in
the vicinity of the litter plot.

Measuring Litter and the Organic Layer

Finewoody debris—lessthan | centimeterin diameter—
s measured with litter. Go to the flag placed 564 me-
ters south of the plod center: this is the northeast cor-
nier of the litter plot. The litter plot is 05 by 0.5 meters,
with its edge aligned with the debris transect. Place
the frame for the litter quadrat on the ground, If
needed, take apart the frame 1o place it around the
stems of shrubs and below the canopy of shrubs, and
reassemble it in the desired position. Hobd one edge or
corner of the frame up, as needed, so that the frame
Is horizontal. If the slope is too steep 1o accurately lo-
cate the subplot edges when the frame is held horizon-
tally, lay the frame on the ground surface. If the frame
Is placed on sloping ground, rotate the frame clock-
wise around the reference-corner point ntil one pair
of opposing frame edges is horizontal across the slope.
No more than 90 degrees of rotation is needed. Record
the slope of the stoping pair of frame edges. (Make sure
slope is recorded in percent, not degrees) Record the
shope of the frame when it is used to determine what lit-
ter 1o collect. [f the frame is held horizontally an slop-
ing ground, record the slope as zero.

Use the pruning shears to cut the Heter along the
line bebow the inside edge of the sampling frame, Put
the litter and duff in a bag of sufficient size {typically a
compactor bag, but perhaps a gallon Ziploc), and weigh
it on a tared scale.! Do not include live vegetation or
live moss. Recond the weight of the liter, On the bag,
write the site name or code and the plot number. Tare
the appropriate scale for the bag. Take a representative
subsample of not more than about 1 liter in volume and
not less than about 100 grams, put it in the bag, and
weigh it on the tared scabe. Write the field weight on the
bag and on the data sheet. Take the subsample back to
the lab for anakysis,

In the quadrant where litter was removed, use the
trowel to cut vertically into the soil. Pull the trowel to



377

Appendix 27

one side, exposing a vertical face of soll. Use visual in-
spection and feel for grittiness when rubbing a small
amount of soil between fingers. An arganic layer feels
smaoth or creamy when smeared between the fingers,
perhaps with soft organic lumps. Organic material is
dark brown or black, Mineral soil feels gritty or hard,
except for pure clay. Identify the depth of any onganic
layer. Record the depth. Repeat this depth measurement
for the required number of measurements, spreading
the measurements evenly around the quadrat area.

Measuring Saplings and Shrubs

Go to the flag 5.64 meters north of the plot center on
the woody-debris transect. Place the 0.5-by-0.5-meter
quadrat frame over the flag, with the flag forming the
northeast corner of the quadrat, or use a tape to mea-
sure the quadrat. If using the frame, hold up the frame,
if necessary, to correct for slope. Count the number of
live woody stems originating from within the quadrat
that are up to 1 centimeter in diameter at the base. Re-
cord the count, median diameter, height, and species
providing the largest percentage of cover within the
quadrat.

Establish & plot with a radias of 1.78 meters, cen-
tered on the flag. Slope-correct all horizontal measure-
ments if the slope is greater than 10 percent. Count all
live woody stems originating within the plot that are
1 to 3 centimeters in diameter at the base. Record the
count, the median diameter at the base, the height, and
the species with the largest percentage of cover within
the quadrat. Do the same for all live plants that are 3
to 5 centimeters in diameter at the base, and for all live
plants that are greater than 5 centimeters in diameter
at the base but less than 5 centimeters in diameter at
breast height idbh),

Measuring Trees

Establish a plot with a 2.52-meter radius, centered on
the plot center. Slope-correct all horizontal measure-
mients if the slope is greater than 10 percent. Working
chockwise from map north, for each stem that is a1 least
5 centimeters dbh and that has its center at ground bevel

within the plot, record: species code, diameter, height,
top diameter, and vigor/decay class. Measure the top
diameter of broken trees using the optical dendrome-
ter. Inchede all live stems, snags, and stumps of the size
class in each subplot. Snags and stumps are defined as
dead plants with woody stems still attached to their
roats, with the roots mostly in the ground, and with a
growth axis within 43 degrees of vertical. Stumps are
very short snags. When stumps are less than 1.37 me-
ters tall, record the actual top dismeter.

Establish a plot with a 5.46-meter radius centered
on the plot center, slope-corrected as necessary. Work-
ing clockwise from map north, for each stem originat-
img within the plot that is at least 15 centimeters dbh,
record: species code, diameter, height, top diameter,
and vigoridecay class, Include all live stems, snags, and
Stumps.

Establish a ploa with a 17.84-meter radius centered
on plot center, slope-corrected as necessary. Working
clockwise from map north, for each stem originating
within the plot that is at least 30 centimeters dbh, re-
cord: species code, diameter, height, top dinmeter, and
vigoridecay class. Include all live stems, snags, and
stumps?

It may be more efficient to record all live trees of o
given radius on a plot and then to record snags, espe-
cially if the plot contains numerous stumps or other
short snags.

Wrapping Up

Raoll all the tapes. Pound the rebar antil it is flush with
the ground or slightly below the surface. Write the plot
number pear the top of a I-meter-long plece of PVC
pipe using permanent marker. Push the PVC pipe a few
inches over the top of the rebar so it stands and marks
the plot center. Pick up all the flags and stakes other
than the plot-center marker. Record the time of leav-
ing the plot, It is good practice to book over the plat for
forgotten toals; this takes only a few moments and can
avoid frustration and hours of time spent looking for
and replacing bost tools.
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Codes for Recording Species on Data Sheets

The code for an individual species is the first two let-
ters of the genus followed by the first two letters of the
species. I two species wouald have the same code, add a
number after the species code, such as ACSA2Z When
plants are identified to genus only, use the first four 1o
six characters of the genus as the code. Species codes
must be tailored to each project area; the codes below
illustrate the format.

ALNUS  Alnus spp. Alder species
CORNUS  Cornus spp. Dogwood
SAEX Salix exigua Narrowleaf willow,
all variants
SAMB Sambucus spp. Elder
Tree Species
ABBA Abdes balsamen Balsam fir
ACNEZ  Acer megurmdo Box ebder
ACEAZ Acer cchar- Maple, silver
imum L.,
ACSAS Acer siccharum Maple, sugar, or
hard maple
AEGL Aesculus glabra Ohio buckeye
BELU Betiila lorea Birch, yellow
Michz. F.
BENI Betwal migra Birch, river
CACONS  Carya cordi- Hickary, bitternut,
formis (Wang} or yellowbud
CADVZ  Carya ovata Hickory, shagbark
(P MIL)
CEDC Celtis oecidentalis L. Hackberry
FRAM2  Fraxinus Ameri- Ash, white
canma L,
QUERC  Quiercus species Oak specics
QUMAZ  Quiercus macracarpa Oak, bur
Michx.
QURL Quercus rubra L. Oak, northern red
QUVE Quicrens veluting, Ok, black
Lam

Sample Field Pratocol
ROPS Rolrinta pseude- Laoscust, black
agaegia L.
SANI Salix migra Marsh,  Willow, black
TIAM Tilia Americana L. Basswood
TSCA Tsuge canadensis Hemlock, eastern
(L.} Carr.
ULAM Ulmus americana L, Elm, American
ULRU Ulres ralra Mukl.  Elm, slippery
UNEN Unknown
Tree VigorfSnag Decay Class
LI goodwigor Mo apparent signs of distress
(e.g., discolored leaves, paucity of
leaves, conks, significant stem or
root rot likely to cause falling),
L2 fair vigor Some signs of distress apparent.
L3} poor vigor Extreme distress apparent, immi-

nent death likely.

Dl Dead, bark intact, fine branches present.

[32 Dead, kard snag, medinum branches present, lop may
e missing, some bark likely missing,

D3 Dead, top and branches missing, substantial rot,
‘hard core, may have some bark.

D4 Dead, soft snag,

D5 Dead, soft snag, mtted down to near stumip, blob.

Decay Classes for Fine Medium Woody Debris
{=10 cm diameter)

H Hard, breaks with snapping sound.
S Soft, breaks straight across grain, punky.

Decay Classes for Coarse Woody Debris
[=10 cm diameter)

L Hard, bark mostly intact, branches not rotted,

2. Hard but bosing bark, fine branches rotted off.

3. Soft exterior, hand interior, not totally conform-
ing to ground topography.

4, Soft, conforming to ground topography,
partially buried.

5. Decayed to chunks or mush, sobstantially
burhed.
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Sample Data Shest—Biomass Measurement
BIOMASS SLURVEY Flot No.: Time arrive at plol:
Surveyorisk: Dratuem: WGS84 NAD27 NADSZ  UTM zoneflat: __
Site name: Assigned Mot Cemter: _ __ ____ _ me mi
Date Installed Plot Center: ___ __ _ _ mE ________ mi
Landmarks/Notes:
Thrne start sampling:
FIME DEBRIS _____ pieces 1.0-9%cm dia. 5 m long transect south
LITTER Slope % Weight: ____gm (0.5m = 0.5m) Subsample weight: Em
Oelaverdepths: ___ _ o ___cm
FINE & COARSE DEBRIS fine- <10 ¢m dia; 5 m transect south: coarse: four 25 m transects
[Hameter Decay Class Species [Hameter Drecay Class Species
SHRUB/SAPLING (3.64 m north) (178 m = 5107}
DBA Class Stem Count | Median dba {cm) | Modian height (em) | Species Flot 5ize
O-1cm 0.5en = [L5m
I-3em 0l = 1.78 m radies
3-5am A0 = 1,78 m radius
»5em M0 = 1.78 m radius




Sample Field Protocol

TREE & SNAG PLOTS »=50 &m dbh: 002 ha plat radius 252 m = §3°
==150 cm dbh 0 ha plot radius 564 m = 186" >=300 cm dbh: .0 ha plot radiiss 1754 m = 586
Plot dbh | Meight | Top | Vigar Flot dbd | Height | Top | Vigor |
Siee |Tree# | SPP | k) | (m) | dia | decay Size |Treed | SPP | fcm) | (m) | dia. | decay
]
Endd | e

Vigor L1 = noapparent sigms of disteess (discodored leaves, paacizy of leavesh

L2 = sorme signa of distress
L3 = extreme distredsc bmeninest death likely

bllﬁld.ﬁumm;mw

DI-M&MM},MWBW
O3 = sapwood soft or gome; CWD same
D4 = wodh, Lo gone; CWID soft & conforma to lerrain
05 = bloks CWD largety buried



381

Chapter 1: The Role of Landowners
and Farmers

L CO, emissions contribute most to glabal warming,
but methane (CH, ), nitrous axide (N0, and chloratiua-
rocarbon emissions also contribute. Of these last three,
land-use practices affect only methane and nitrous axide
emisgions, and thus are relevant here,

2 See Annex B of the Kyoto Protocol for a list of coun-
tries and the emission reductions they committed to dur-
Ing the negotistion of the Protocol. The LS, and Ausira-
1ia have not agreed to implement their emissions reduction
oommilmenis.

3, See hitpufwwwus-capong.

4. The United Siates ploneered the first cap-and-trade
system designed to curb dangerows industrial emissions, In
1990, Congress amended the Clean Air Act to establish such
a system to regulate releases of sulfur dioxide (S0,), which
is @ precursor to acid rain. The program achieved WO per-
cent compliance at a fraction of projected costs. For a general
primer on cap-and-trade sysherms, SoE wWwwas-CAPOTE

5, Ohifsets are sometimes called credits. The term eredits
is not used here because it may also to refer to emissions al-
Towances, While offscts are iypically referred 1o as carbon
offsets, they Include all reductions In greenhouse gases, mot
just CO,. See Chapter 2 for how to assess the relative cli-
mate benefil of cuts in different greenhouse gases.

6. Additional information is available a: hitpofiwww,
ghtglobalwarming com.

7. Dangerous climate change inclades the melting of the
major palar ice sheets, with an attendant rise in sea bevel of
mare than 20 feet and the loxs of the Amazon rainforests.

8, House et al. 2002 provide & similar analysis from a
lobal perspective.

MNotes

9. For example, the Kyoto process recognizes only off-
sets generated from specified countries, using specified
meethods, and having passed specified reviews, T categori-
cally excludes some of the methods for mitigating green-
house gases recommended here,

Chapter 2: The Process of Creating Offsets

L The definition of this quantity (OO, eqaivalent) is pro-
wided later in the chapeer,

2 Emitters operating under a mandatory cap-and-trade
system dov ot have to copsbder adiitfonality when iden-
tifying the imternal activities and practices that will be
adopted to meet the emissions allowanoes ar cap. That's
because their emisgions cap is their baseline, and any re-
ductions In emissions represent a GHG gain, OF course,
if a capped emitter were 1o purchase carbon offiets froms
a landowner 10 help meet its cap, those purchased offseis
would indeed have to be additional.

X Technically. a molecule of CO, emitted 1o the atmo-
sphere generally leaves the simosphere more quickly than
1 medecube of methane, Mast CO, leaving the atmosphere
is absorbed by oceans, however, which in turn emit more
CO, as the concentration in the water rises. The release of
aton of CO, into the stmosphere this sparks a chain of ab-
sarptions and emissions,

4. The small difference between the 1995 and 2001 re-
ports reilect scientific improvements in the ability to cal-
culate GWP over the six-year period. The Kyote Protoced
bas not adopeed the 2000 GWPs, so projects that generate
offsets within the Kyoto system use the 1995 valwes,
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Chapter 3: Land-Management Options

1. Unless eaherwise noded, prices are bn 2006 dollare.

2 Amnalysts estimate that between 1850 and 1990, ane
third of anthropogenic carbon emissions stemmed fram
vegetation and soils {see Houghton 1999),

3. Diata are not available for the bast few years. From the
late-1980s 1o the mid-1990s, however, total VLS. forest car-
bon sock grew, primarily because of regrowth of forests
on agriculiural lands abandoned during the first halfof the
twentieth century.

4. 50dl organic maner ks heavily decomposed marerial
that is relatively resistant to farther decomposition, and is
typically about 58 percent cashon by dry weight.

5. Crop breeders have focused on raising yields, some-
tiemes by selecting plants that devote more resources to the
crop and bess o non-orop portions, Residue mass usually
rises, however, even if it |s o smaller proportion of tatal
plant biomass.

6. LS Department of Agriculture, Farm Service
Agency. See: htipiwww fia usda govipas/,

7. Unlike plowing, soil mixing by earthworms does not
cause loig of soil carbon becanse the earthworms do not
heeak ap soill sggregates.

B For more on land-management practices that can
mitigate nitrous axide and methane emissions, see Cice-
rone 1583, 1942 W Papen, K B 199k
‘Wassman, Wang, Shangguan. Xie, Shen, Papen, Rennen-
berg. Seiler, 1993 Denier van der Gon., 1993 and 1996; Zheu
1544; Mewe 1994; Harrison 1995; Peoples 1995 Mosier 19%96;
Mosier {methane) 1998: and Mosier {nitrous oxide) 1998,

9. Denitrification, however, can bead to nitrous oxide

fingi Asrobic mt of mamure also produces
substantial amaunts of nitrate, which is a significant cause
of water pollutamts if not captured or converted to inert
nitrogen.

10, The IPCC includes gathering dung for fue as a
waste-management practice that typically causes signifi-
cant methane production because of incomplete combuas-
thon. An offset project that collects manure left kn pastures
for use as fud would reduce nitrous oxide emissions, but
higher methane emisstons might offset this greenhouse
benefit. This land-management change could also reduce
stocks of soll carbon. The net impact of such o project
would depend on the previoas foel and how it was burned.
This manual does not include methods for calculating the
greenhoase impact of switching to manure for fuel because
that is not a land-management activity.

Chapter 4: Scoping the Costs and Benefits

L The literature on performing such assessments is vo-
luminous, amd consullants are available to belp.

Chapter 6: Carbon Sequestered in Forests

I, The ward reforesration is used here in its ecological
sense, In the business of forestry, the woed reforestation re-
fers 1o planting or natural regeneration to establish trees
o a site that has been recently cleared by harvesting (espe-
cially clear cut harvesting) or some other disturbance, In
farestry, the ward aforestation is used o denate the rees.
tablishment of forest on fands that have been in non-foress
caver,

2. Recent schentific studbes suggest that some aspects.
of a forest’s life cycle may lesd 10 climate warming in-
stead of cooling (cf., Gibbard et al. 2005 Keppler et al.
2006). If these sudies are confirmed by subsequent re-
search, a plan for quantifying these warming effecis would
need to be incorparated into the measurement scheme
(Dlander H0a),

3, Developers may use less expensive methods than
those recommended bere 1o quantify the tons of COLe their
profect sequesters, but the farmer woald provide much
less reliable results, and thus could yleld fewer tradable
offsets,

4. 11 equations ane available, it b possible that all field
measurements will be of the ahaveground attributes of
trees, and belowground biomass may be inferred from
these abovegrownd measurements.

5. Calculating the average change in carbon stocks for
the entire project area is easiest if each sampling site en-
compasses the same anca,

f. Subplots do not need 1o be the same shape—they can
be square as well as round, for example—<but their size
shosbd reflect the type of biomass. For example, ifa project.
expects io graw few trees over 30 centimeters in ddamseter,
quantifiers may want bo install larger subplots for trees 15
1o M centimeters in diameter because this size range will
encompass most of the carbon sequestration and is thus
worth measuring fairly preciscly. Some subplots desig-
nated fior measaring a given carbon pool might include mo
objects of that type, while others might contain more than
& dozen, Such variation significantly affects the precision
of the quantification system, but it may be unavoidable if
the forest is lightly managed or if the types of blomass an &
plot change over time.

7. Litter is undecomposed organic material lying on the
ground, having piece sizes that are smaller than the mini-
mam size of woody debris. Typically litter is beaves, twigs,
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and hark. Dl is partially composed organic material ly-
ing on the groand surface. Typically the individieal pseces
of organic material in duf are vivally distinguishable but
matted together by fungal strands.

E. Mote that this method is for estimating the mass of
litter and duff which resides in the soil O horizon. Methods
for measuring carbon in this layer are discussed in Chap-
ter 7.

% The demsity used in blomass equations is ofien re-
ported as & specific gravity rather than a density, The spe-
cific gravity of a substance is simply expressed in units such
that the density is given a4 a proportion of density divided
bry the density of the material relative 1o water. Becawse the
density of water is | gram per cm’, the specific graviry of a
sabstance is just & shorthand way of expressing the density
of that substance tn grams per e without having 1o write
down the units,

10 The Walkley-Black wet digestion method was for-
merly used to measure organic carbon in soil, bat that ap-
proach is not sufficiently accurate. Also, it can underesti-
mate carbon content and produces toxic waste.

1L Jenkins (2005) provides a comprehensive database
of equations that predict the blomass of Narth American
trees as a function of diameter. Equations that ase both
height and diameter, however, are strongly recommendied.
Blomass equations that wse only diameter and species
shauld be used caly if no appropriste equation that uses
both beight and diameter is available and the project can
nat affoerd to develop the needed equations.

12 Aldred and Alemdag (1988) provide guidance on
determining whether an existing tree biomass equation is
appropriate.

13. See Appendix I

Chapter 7: Carbon Sequestered in Soil

L. This is equivalent 1o abpat 0000 tons of CO, (see
Chapter 21

2, Paired sampling entails measuring the carbon stack
on each plot at an carlier time and a laver time, Gnding the
change on each plot, and dodng statistical analysis of the st
of observed changes.

1.1 bectare = 247 acres.

4. By chance, a plot center could sit very close to the
bowndary of the project land, Strict sampling theory would
Jeld the plot along the property boundary and fold the part
of the plot outslde the boundary back within it. An acceps-
abde alvernative |s fo place & buffer on the sowth and east
portion of the plot. This buffer can be between 4 and 9 me-
ters wide, depending on the numbser of cores collected and
the spacing between the cores.

Motes

5, In mosl soils, core-te-ooee variability of carban con-
tent does nat seem to rise significantly as core diameter
and the volume of sampled sail shrink, Smaller-diameter
carers ane easier 1o insert into the ground, but the smaller
the diameter is, the smaller the rock size is that can pre-
vent crews from extracting intact cones. Smaller corers may
have a greater tendency to compact soil, bat they simplify
transport and processing of soil. Reclangular corers are
not recommended because the samples they extract seem
to vary upder many conditions.

6. Lichtenstein 1982; McClelland 1994,

7. Using subjective estimates of variability instead of
empirical dana for Momte Carlo modeling is litthe better
than relying on expert apinkon. For an example of a Monte
Carlo analysis for land-use and management impacts om
L5, agriculiaral soils, see Ogle 2003,

8. The Walkley-Black wet digestion method was foe-
merly used 1o measure organic carbon in soil, but that ap-
proach underestimates carbon content and produces taxic
waste,

9. See Appendix 1 on sampling for a discussion of
stratification.

10, See Appendices 3 and 4 for more on statistics and!
imadvertent emisshons, and Chapters 5 amd 10 far moee on
haselines and leakage.

Chapter 8: Greenhouse Gas Emissions

fram Manure

L Methods for estimating the net impact of wsing bio-
rmeass for fuel can be complex, however, and developers need
to contract with the owner of the displaced fossil- fusl-fired
facility 1o establish ownership of any resulting offsets,

2. Project emissions are the amount of gas emitted. not
the amotint produced,

3. Even management practices that produce high ni-
trous oxide emissions, such an pasture spreading. have a
smiall overall warming impact per unit of manure,

4. A syszem that captures and burns methane may ot
redace groenhowse emissions if i replaces a dry mamure.
management system because the amount of methane leaked
from a digester system may be grester than unmanaged
emissicns from the dry management system.

5. Cuantifiers should check the literature at the time of
the amalysls for the most up-to-date values.

6. See IFPC (1996), Table 4-8, p. 4.25.

7. For an equation for estimating emissions as a func-
tion of semperature, soc LLS. EPA (2004). When making
such calculations, quantifiers should wse the temperature
of the manare slarry, not the ambient air temperature, a5
the EPA doses.
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Naotes

8, See IPOC (20000 arad EPA (2003) for informathon an
how o estimate emissions from feed inputs,

9, This number represents tatal dry matter, including
ash content. In contrast to the IPCC method, manure frac-
thons are not caleulated or measured.

M, The 100 GWP of CH, assumes that the CH' will per-
sist in the atmosphere for a relatively short time (B-12 years,
an average) lndlhmdnwnwhmrmm,ﬂw re-
mialns in the atmosphere for the rest of the 100-year ac-
counting persod. The GWP of CH, already counts the Cin
the CH_ as being CO, in the atmosphere for about 90 per-
cent of the accounting peried. Burning CH, by the proj-
ect changes the proportion of the H0-year sccounting pe-
rind from about M0 percent of the accounting period to 100
percent of the sccounting period. This difference s sub-
sumed in the uncertainty of the actual valise of the 100-year
GWF so no further deduction is warranted for the extra
few years that the C ks in CO, in the atmosphere during the
100-year accounting period,

1L See IPCC (1996), which estimates the propartion of
potential methane production that is Jost, assuming that
the digester converis manure to methane efficiently,

12 See IPCC (1996) and (20000, and U5, EPA (2003)
for similar methods. Documents from the Kyoio Proto-
col’s Chean Development Mechanism (CDM) show how
approved manure projects made these calculations. See
herp:licdmounfeccint,

13, The factors used to predict the rate of methane or
nitrows oxide production as 4 function manure type and
management sysiem are highly uncertain, Agencics could
develop better factors by establishing benchmark sites for
measuring emissions from different manure management
wystems in diferent climaves, Such efforts—while requir-
ing substantial work—would help manure projects quan-
tifly their emissions mare reliably.

H. The 2 percent rate s from 1PCC (2000), The rate as-
sumes that 1,25 percent of nitrogen in fertilizer is emitted
from fields, 30 percent is leached, and 1.5 percent of the
leached nitrogen converts to nitrows axide in rivers, Add-
ing L5 percent direct emdssions and 075 percent emis-

slons from streams yields 2 percent af applied nitrogen
cmitied a8 nitrous oxide,

Chapter 10: Estimating Leakage

or Off-Site Emissions

1. 1f a facility operating under a regulated cap displaces
emlbssions to other fcilities operating under the cap. then
ihose facilities must sccount for the displaced emissions,
aned thus the emissions ane not considered leal

of displacemnents: market beakage and activity shifting.
This chapter focuses primarily on market leakage, See
Appendix 20 for a briel discussion of these two Lypes of
displacements,

3. Leakage that increases offsite GHG emissions or re-
duces carbon stocks is known ag megative leakage, and is
subtracted fram a project’s net greenhouse benefil. Projects
can also create posifive leakage 17 they spur offsite cns in
GHG emissions. For example. Il a project entails switch-
ing from plowing to no-till cropping. other farmers—
ohaerving that production costs are lower and yields in dry
years ane greater on project lands—might also switch to.
po-ill. Becawse the resulting GHG benefits occur outside
the project boundary, hiwever, project developers do not
own them, and thus cannot coant them in calculating off-
sets. If they could be counted, it would raise the possibil-
ity of a given aifset being counted twice. OF course, praject
developers could sign a contract with other landowners tor
bring thelr activities imo the project, in which case they
could produce offsets (see Appendix 21)

4. Project activities can result in spill-over emissions.
beyond project boundaries. This occurs when nitrogen fer-
tilizer is applied 1o project kands, leaches imto streams, and
produces downstream nfrous oxide emissions. This also
ocours with fsgitive emisshons, such as methane leaks from
a facility designed 1o capture methane from decaying ma-
nure, To avold confusion, these types of processes are mot
treated as leakage, but are accounted for in emissions from
the project itsell.

5. Por a discussion of projects that increase demand, see
Appendix X1

6, Because demand decreases as price increases, E—the
price elasticily of demand—is a negative mumber.

7. The equation in H.3 is based on the simplest (compar-
ative statics) method using elasticity estimates, More com-
prehensive economic modeling can be employed that will
likely provide moee precision, Murray et al. (2004) discuss
these methods.

B. In Equation 2.2, leakage is expressed as a fraction or
proportion ol the teqal NET GHG Benefit,

9. The magnitude of E simply mweans expressing E a5 a
positive number instead of 8 negative numbser. In our ex-
ample, E = <0,06, 5o the magnitude of E is +0,06,

0. The literature on methods for estimating clasticities
isextensive. For information on using a multiple-parameter
regression to calculate supply and demand elasticities, see
Marquez [2002), Greene (2000, and Edgerton {1596),

1. Recall that “Ci"" =, these parameters drop out of
Equation M3 and thus are aot needed.

2. Ecc dnmrli--'_"betmn:wwpu

1L The marginal rate of production ks the ameun of
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production per unit of anea on the next unit of land brought
in b ar 0wt of production, The marginal rate of production
Is aftem— but not always—less than the average rate of pro-
duction because more productive lands are usually already
in production.

13, If mearginal rates of production are employed, then
€ {above) should be estimated using data from marginal
landi—and not average lands—eouside the project,

Chapter ni: Verifying and Registering Offsets

1. These auditing principles are shared with the ficld of
financial accounting. For a review of such principles, see
also Professional Standards, isswed anmually by the Amer-
ican Institute of Certified Public Accountants, which in-
cludes statements on auditing practices from the Financial
Accounting Standards Board. Several textbooks also pro-
vide introductions to auditing practices, including Awdir-
ing amd Assicrance Services: An Integrated Approach (Arins
2002},

L Regubators issue emissions allowances, ar caps, for
each sccounting period. Offsets create new opportunities
for regulated emitters to meet thelr caps.

Appendix 1: Developing a Sampling Strategy

L The standard devistion of the mean is defined as the
square rood of the variance in the measurements of the
mean. The standard error of the estimate of the mean is the
standard deviatbon divided by the square root of the nim-
ber of sampling sites, Most spreadsheet programs allow
users to automatically caleulate the mean, standard devia-
tiom, and coefficient of variation of any dataset. For maore
Information, see Appendix 3,

Appendix 2: Quantifying Inadvertent Emissions

1. Rates are cabculsted from information on emissions
in the U5, Inventory of Greenhouse Gases (EPA 2006).

L Combustion efficiency is the proportion of fsel that is
burped ina fire. 17 the amount of biomass has been mea-
sured before a fire, combustion efficiency can be calculated
by measuring the amount of blomass remaining afier the
fire, and finding the proportion of the original biomass
that has disappeared.

Appendix 52 Categorical Additionality

and Barrier Tests

1. Under the CDM process, the Executive Board has ap-
proved project methodaloghes and consolidated method-
ologies for some sectors, and the Methodology Panel bas
published guidance on establishing guidelines. Approved
project methodologles may be used a5 a termplate for quan-

Notes

tifying offsets from new projects. Official Kyoto Protocel
documents, including CDM documents, are available on
the web. At this writing, the Executive Board and Meth-
odologies Panel are only beginning to conskder methids
for determining baselines for projects that mitigate GHG
emissions by changing land-use practices, and have nat
approved any methodologies for counting the benefits of
these practices,

2. Regulators can limit the impact of different assamp-
tions on addinsonality by requiring projects 1o use the same
assampthons to establish the baseline.

A For an analysis of the difficulties of documenting
barrkers o a forestry project under the Clean Development
Mechanism, see Ellis (2003),

4, Barriers based on regulatory prohibitbons are an ex-
ception. becanse they can usually be objectively demon-
sirated.

Appendix 6: Using Periodic Transition Rates
L Because FRL is raised exponentially 1o determine

the fractional coverage of a land-management practice, it
should be carried 1o a1 beast five significant digits.

Appendin 16: When Sail Density Changes

L1 hectare = 247 acres.

L As Chapter 7 notes, rocks are checked for carbon, If
carbon is found, rock fragments in soil samples are ground
and added to the fine sail sample before sample mass and
cathon content are measured.

Appendix 17: Determining Mass-Specific Ratios

1. The methododogy recommended here for manure is
ot s rigorous as that recommended for woady material in
Chapter 7. Because of the large variability in the dry matter
content of manure slurry, the more precise methods rec-
ommended for woody matter would not be cost.effective.

Appendix 18; Calculating Emissions

fram Manure

L. The most recent TPCC global warming potential for
miethane is 23, but CDM projects inmplemented under the
Kyoto Protocol use the older GWP of 21, Quamifiers should
check the literature or the rubes of a regulstory or market
systerm for the most up-to-date or recommended GWP.

2. The most recent TPCC global warming poten-
tial for nitrous oxide is 296, bat CDM projects imple-
mented under the Kyolo Protocol use the older GWP ol
0. Quantifiers should check the literature ar the rubes of
a regulatory or market system for the most up-to-date or
recommended GWP.
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Motes

2. For projects in the United States, It is recommended
Appendix 27: Sample Field Protocol that plant species codes match codes used in the USDA
L Tarimg is setting a scale so it reads zero when hold-  Plants Database, httpe//plants.usda gov/,
ing am empty container that will be used 1o hobd material
heing welghed. Be sure to re-tane the scale when changing
contalners,
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