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tations on their progress. It also contains a

commitment by developed countries to provide

$30 billion in financing before 2012 for climate

change mitiga tion and adaptation in develop-

ing nations and a pledge to mobilize $100 bil-

lion per year by 2020 in the context of a yet-

undefined global agreement. By breaking the

Kyoto Protocol divide where developed coun-

tries have legal obligations and developing

countries have none, the accord could precipi-

tate a dramatic shift in the nature of climate 

cooperation. 

But then there’s the “not much.” Because 5

countries opposed the accord in the final nego-

tiating session, the parties merely “took note”

instead of formally “adopting” the document.

This gives the accord no legal status as a basis

for future negotiations within the UN, meaning

that when countries reconvene, they will pick

up where they left off on other documents

where little progress had been made prior to or

in Copenhagen. Where progress had been

made, on issues such as forests and adaptation,

the last-minute scramble meant that these texts

could not be adopted and that progress could

not be solidified. In addition, the negotiations

were highly divisive and might have completely

collapsed absent the last-minute intervention of

world leaders. 

Going forward, there are signals that might

help negotiators translate these “everythings”

and “not muches” into real success. For one,

although all major emitters met a January 31

deadline for submitting their proposed actions

under the accord, not all indicated that they

wanted to be formally associated with the doc-

ument. This demonstrates that, although the

W hen the clock struck 8 a.m. on

Tuesday, December 15, having

already been outside in the 

20-degree weather for 2.5 hours, I found myself

at the front of a kilometer-long line trying to 

craft a plan for navigating soon-to-arrive rff

senior scholars through the teeming masses. I

realized then this was not your average environ-

mental conference.

There were other telltale signs that the 

15th Conference of the Parties to the UN

Framework Convention on Climate Change

(unfccc) in Copenhagen was a once-in-a-

generation event. There were the 45,000 civil

society observers who registered to attend (in-

cluding a dozen strong from rff). There were

ceos who waited in line outside for 10 hours,

walkouts and secret meetings galore, and the

Greenpeace boat. There were more than 120

world leaders, some of whom huddled around

a table to negotiate the most important envi-

ronmental agreement in decades. And then

there was the fallout, scathing op-eds, and min-

isters sent to early retirement.

But what actually happened in Copenhagen,

and what does it mean for the future of interna-

tional climate cooperation? The answer to both

questions is everything and not much.

On the “everything” side, all but 5 of the

192 parties to the unfccc endorsed a three-

page agreement known as the Copenhagen

Accord. The accord includes pledges by all of

the signatory countries to implement mitigation

actions that limit global temperature increases

to less than 2 degrees Celsius above preindus-

trial levels, to measure and report on these ac-

tions, and to participate in international consul-

Report from Copenhagen

Not Your Average Environmental Conference . . .

Andrew W. Stevenson

g o i n g s  o n

But what actually 

happened in Copenhagen,

and what does it mean for

the future of international 

climate cooperation? 

The answer to both 

questions is everything 

and not much.



Because it failed to produce a legally

binding international treaty on 

climate change, a cloud of disap-

pointment and recrimination hangs over the

memory of last December’s conference in

Copenhagen. But that is the result of a peculiar

political misunderstanding—a binding climate

treaty never was remotely possible.

A binding climate treaty is essentially a 

European concept, and the great example is

the 1997 Kyoto Protocol. In the European view,

warmly embraced by many environmental 

organizations, the primary purpose of the

Copenhagen meeting was to write a successor

treaty to Kyoto, much of which expires in 2012.

But Kyoto imposes limits only on countries that

contribute less than one-third of the world’s

emissions of carbon dioxide, the most preva-

lent of the greenhouse gases. By a more realis-

tic measure, the first necessity at Copenhagen

was to achieve a regime that would include all

of the biggest sources of emissions—above all,

China and the United States. Neither was lim-

ited by Kyoto, China because it was classified

as a developing country and the United States

because it refused to ratify the protocol.

China had been making it clear for months

that it would not accept emissions limits im-

posed by an international authority. As for the

United States, anyone who had watched the

struggles in the Senate to find 60 votes for re-

forms of health care or the financial system can

judge the likelihood of getting 67 votes to ratify

a climate treaty that, as a practical matter, would

have been neither verifiable nor enforceable.

Instead, five big countries—the United

States with President Obama at the table, China,

India, Brazil, and South Africa—produced a

three-page document called the Copenhagen

Accord. The conference never formally

adopted it and only grudgingly deigned to take

note of it. It asks all countries for voluntary

pledges to cut emissions and sets up a registry

to monitor the pledges. And the accord prom-

ises that the rich countries will give the poor

ones $100 billion over the next decade to help

them deal with changing climates.

Given the accord’s nebulous legal status

and the absence of any notable action since

the conference, it’s fair to ask whether the

agreement means much. One answer might be

that, for the first time, the countries producing

the greatest volumes of carbon dioxide now at

least acknowledge a responsibility to do some-

thing about them.

The accord also suggests a change in the

negotiating process. The document was

worked out in a meeting of five big countries

and reflects a view among the Americans, and

perhaps others, that the UN’s usual proce-

dures, giving equal votes to all its members—

192 of which were represented at Copenhagen

—and trying to operate by consensus, is too

cumbersome and slow to be useful. But in re-

sponse, there has been an outcry by small

countries that see the UN and its conferences

as the only venues in which they can hope to

catch the world’s attention. 

The accord adopts a target of holding

global temperature increases to 2 degrees Cel-

sius. That’s quite a radical goal and would re-

quire a huge worldwide effort beginning in 

the very near future. The big countries now

having at last engaged themselves in the gov-

ernance of the world’s climate, the Copen-

hagen Accord now must address all the ques-

tions regarding how much more they are

actually prepared to do. ∫
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confrence represents a step forward as a high-

level political understanding, the existing UN

processes remain the only viable way to neg o-

tiate a new global agreement in the short to

medium term. It is also clear that emerging

economies like China and India are willing to

act, but they do not see a strong, top-down,

multilateral climate regime as serving their na-

tional interests and will not agree to one in 

the foreseeable future. 

The United States will not make a binding

international commitment unless these coun-

tries do as well. Over the next several years, na-

tions are likely to move toward a system where

countries pledge actions and consult on their

progress internationally, with no compliance

penalties. This will place the focus squarely on

domestic actions and international financing

for least-developed nations, especially for the

United States and other major emitters. Al-

though this may seem like a step back from 

Kyoto, by moving the focus from success in ne-

gotiations to success in climate action, it may

turn out to be a major step forward after all. ∫

Copenhagen’s
Achievement: 
Not a Treaty but an
Accord

J.W. Anderson
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An international system that enables

countries to earn carbon credits by

reducing emissions from deforesta-

tion and degradation (redd) will almost cer-

tainly be a prominent feature of whatever post-

2012 international climate architecture emerges

from ongoing negotiations.

One of the main arguments for creating

such a system is that redd will be inexpensive

compared with fuel switching, carbon capture

and storage, and other greenhouse gas abate-

ment options. This argument underpins numer-

ous high-profile reports and white papers—in-

cluding the 2007 Intergovernmental Panel on

Climate Change Fourth Assessment Report

and the 2006 Stern Review—and has inspired

widespread concern about, and research on, a

coming deluge of low-cost redd credits. 

Yet the scientific foundation for the hypoth-

esis that redd credits will be cost-effective is

thin, is contradicted by emerging evidence on

the effectiveness of forest conservation poli-

cies in developing countries, and deserves se-

rious scrutiny before critical redd policy deci-

sions are made. 

Studies that conclude redd will be inex-

pensive are often based on simplistic assump-

tions about how clearing and degradation of

forests in developing countries can be pre-

vented. Most assume that the cost of redd is

merely the opportunity cost of the leading ac-

tivities that result in tree cover loss, sometimes

with relatively small transaction costs tacked

on. An example is the background paper on

redd used to write the Stern report. The cost

of redd is estimated as the price tag of a hypo-

thetical program applied in eight developing

countries with high deforestation. It would

identify managers of forested land apt to clear

their holdings and pay them the average op-

portunity cost of retaining tree cover. 

A critical assumption is that these payments

would result in 100 percent additionality—in

short, not a dime would be wasted paying land

managers to retain tree cover that is not in real

danger of being cleared. A second assumption

is that the program would not cause leakage—

that is, it would not simply shift deforestation

efforts to areas not receiving payments. Using

this hypothetical model, the Stern report con-

cludes that “curbing deforestation is a highly

cost-effective way of reducing greenhouse gas

emissions and has the potential to offer signifi-

cant reductions fairly quickly.” 

Opportunity-cost models like this ignore

voluminous evidence of the serious con-

straints to effective forest conservation in de-

veloping countries, including weak regulatory

institutions, confused property rights, corrup-

tion, and an abundance of small-scale drivers

of tree cover loss (Chomitz 2007). 

Recently, several studies have been pub-

lished that use accurate forest cover data de-

rived from satellite images along with rigorous

statistical methods to develop quantitative es-

timates of the effectiveness of historical forest

conservation policies—the same ones that

developing countries would likely use to gen-

erate redd credits. These studies address

both additionality and leakage. Unfortunately,

they also suggest that redd is likely to be far

more costly than widely believed. 

Perhaps most notable is a study of Costa

Rica’s payments for an environmental services

program, now a model for similar initiatives

worldwide (Robalino et al. 2008). Much like

the hypothetical carbon payments model en-

visioned by redd researchers, this program

would pay land managers to retain tree cover.

The study found that each year, the payments

program has prevented deforestation on less

than 1 percent of enrolled hectares because

virtually all of them are ill suited for produc-

tive uses and would have remained forested

absent payments. Studies of protected areas

in Costa Rica and Mexico reached similar con-

clusions: these policies prevented only a very

small fraction of land from being cleared (An-

dam et al. 2008; Blackman et al. 2009). 

Were these studies alone in concluding

that forest conservation policies in developing

countries are inefficient, they might be set

aside as outliers—but they are not. They put

numbers to qualitative findings common in the

case study literature. 

To be fair, historical experiences with large-

scale conservation policies are not necessarily

good predictors of the effectiveness of redd

policies. Conservation policies typically serve a

number of ends, including preserving biodi-

versity, protecting hydrological services, and

minimizing economic development and cul-

tural trade-offs. Policies specifically designed

to preserve tree cover in danger of being

cleared would presumably be more effective

and efficient at achieving that particular goal.

Indeed, some redd pilot projects appear to

have been quite successful. 

Still, the gap between the optimistic view of

forest conservation in developing countries

that underpins the conventional wisdom about

the costs of redd and the more complex and

pessimistic perspective afforded by the litera-

ture on historical experiences with such con-

servation should give us pause. redd policy-

makers and stakeholders would be well

advised to pay at least as much attention to the

latter as the former. ∫
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Will REDD 
Really Be Cheap?
Allen Blackman



Transactions in forest carbon credits could constitute a market of several billion dollars
annually and involve potentially large transfers of wealth among nations. This emerg-
ing market is generating a demand for reliable information on the size and condition
of global forests and forest carbon assets.

Prior to the Copenhagen conference on climate change, scholars at RFF released a
major analysis using the best currently available data on global forests. The Forest Car-

bon Index integrates existing quantitative data relating to biological, economic, investment, and mar-
ket readiness conditions to illuminate the geography of potential forest carbon offsets.

Weaknesses and data gaps certainly make this process more challenging. But efforts to reduce emis-
sions from deforestation and degradation (REDD) are moving forward because they potentially offer a
rapid and cost-effective response to global greenhouse gas emissions. 

“The index provides decisionmakers high-level insights regarding how forest offset programs should
be targeted, enabling policy to move forward,” says Nigel Purvis, an RFF visiting scholar and president
of Climate Advisers, who led the project. “As data improve, the potential for the index will increase in
kind.”

The index brings together, for the first time, 21 datasets at the national scale and six datasets at a grid-
ded subnational scale, integrated and mapped across approximately 1.5 million locations at a resolution
of 85.5 square kilometers. 

Andrea Cattaneo, a senior scientist at the Woods Hole Research Center who works on tropical de-
forestation issues, lauded the effort to Science magazine. “One of the challenges overcome by the [in-
dex] is combining data that are available only at different scales. . . . This is a welcome addition and is
nicely complementary with existing work.” 

Key Findings

“The average price of forest carbon emissions reductions through 2020 will be slightly more than half
of projected carbon prices in developed nations’ saving at least $40 billion over this period,” says Purvis.
“Tropical forests can provide one-quarter of needed climate solutions through 2020.”

Based on a rigorous geospatial analysis, the index suggests a range of short- to long-term strategies
by which tropical forests can be instrumental in achieving emissions reduction targets: 

∫ In the near term, the focus should be primarily on Brazil, the Amazon-Andes, and Malaysian Bor-
neo, which all have relatively good governance, high profit potential, and significant deforestation. 

∫ By 2020, forest carbon activities should expand to include Indonesia.

∫ Public-sector investments are needed to build capacity in poorly governed regions and to avoid
shifting deforestation to areas of large intact forest, such as nations in the Congo Basin in Africa. 

WINTER 2010

Taking the Measure of
Forest Carbon



Building Blocks of the Index

The Forest Carbon Index combines estimates of a country’s profit potential and risk factors to gener-
ate a score of each nation's potential to attract forest carbon investment.

The profit potential is calculated by subtracting the expected cost of managing a piece of land for
forest carbon from expected forest carbon revenues. The index measures profit potential by looking at
biological and economic factors.

The index discounts raw profit potential by taking into account the institutional, technical, and po-
litical risks within a country. It incorporates widely accepted data from the World Bank about gover-
nance conditions (including corruption) and the ease of doing business. (The diagram below displays
the framework of the index.)

These factors are all combined to create a single index that provides a relative ranking comparing
countries and specific locations for their relative capacity to supply forest carbon credits. The results are
presented in maps to illustrate the potential geography of forest carbon and in tables to show the esti-
mated costs, quantities, and revenues from forest carbon. ∫

To Learn More You can find the Summary for Policymakers and the full report, Forest Carbon Index: The Geography

of Forests in Climate Solutions, at www.forestcarbonindex.org. There, you will also be able to access four

interactive maps that allow you evaluate factors like profit potential against location. 

The index is part of the Forest Carbon Initiative of RFF’s Center for Climate and Electricity Policy, which is funded by contri-

butions from individuals, corporations, government agencies, and foundations. 

The center received grants from the Doris Duke Charitable Foundation, the David and Lucile Packard Foundation, and the

Simons Foundation, as well as a special gift from the Center for Environmental Markets at Goldman Sachs to support the For-

est Carbon Initiative. Support for the dissemination of this research was provided by the United Nations Foundation.

6 RESOURCES

Forest Carbon 

Index Framework

Economics Biology Ease of Doing

Business

Forest Carbon Index

Governance

Profit 

Potential

Risk 

Potential

Readiness

T T

TTTT T



Figure 2. Country-Level Forest Carbon Index Scores

Bottom: The geography of Forest Carbon Index scores at the national level

shows that tropical countries generally do the best, even after taking 

into account risk factors. The Forest Carbon Index also provides highly site-

specific local information to guide decisionmaking. 

Figure 1. Aboveground Carbon Stocks

Top: Of the Earth's entire land mass, 85 percent has the potential to be

managed for forest carbon. The Earth's soils hold great quantities of 

carbon, methane, and other greenhouse gases and may have the potential

to store even more under the right management conditions. Significant 

uncertainties exist about current soil data.

WINTER 2010 7



Figure 3. Best Places for Early Investments at the Local Level

Top: The Forest Carbon Index predicts how much a country or place will

contribute to the global effort to conserve and manage forests to mitigate

climate change by discounting theoretical profit potential by risk. This map

highlights the 5 best places in the world for early forest carbon returns.

Figure 4. Taking Deforestation into Account

Bottom: This map incorporates existing deforestation rates to better 

predict the geography of forest carbon investment in the medium term.

Brazil emerges as the best place for forest carbon investments, and 

Amazon-Andes countries stand out as well. But Indonesia, as a result of

rapid deforestation, moves to second place behind Brazil. Australia has

many opportunities to offset its industrial emissions by conserving and

growing domestic forests. Countries in West and East Africa with high 

deforestation rates, from Nigeria and Cameroon to Tanzania and Zambia,

also come to the fore.
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Resources for the Future’s unique role in bringing the very best research and

scholarship to bear on pressing policy challenges was the common thread in our

many successes this year. The value of an institution that can be counted on for

ideas and information free of political and intellectual agendas has never been

greater. Perhaps most gratifying was to see ideas developed at rff incorporated

into a host of new policy proposals.

† The climate legislation passed in the House of Representatives contains key provisions that draw on

rff research, including the allocation of emissions allowances and the treatment of trade-exposed in-

dustries. Additionally, rff work on price collars and safety valves, two important climate policy tools, in-

fluences some of the provisions in the bill and has been adopted in proposals currently being considered

in the Senate.

† The Department of Interior announced its “Building a Great Outdoors America” agenda, following the

release of Great Outdoors America, a report by the bipartisan Outdoor Resources Review Group that was

informed by a major rff research effort.

† In another demonstration that good ideas eventually find their way into policy, the White House’s new

budget includes competitive grants to support ocean zoning, an idea presented in the rff book New Ap-

proaches on Energy and the Environment: Policy Advice for the President, published in 2004.

† The Global Fund to Fight Aids, Tuberculosis, and Malaria committed $225 million to a new international

partnership to place affordable life-saving malaria drugs within reach of millions of at-risk citizens world-

wide, especially children. The new initiative is designed to delay the rise of resistance to a new genera-

tion of antimalarials and is based on work carried out by scholars at rff’s Center for Disease Dynamics,

Economics and Policy.

In parallel with these milestones, the demand for rff’s research increased, evidenced by growing re-

quests for testimony, participation in government panels, and informal briefings for the legislative and ex-

ecutive branches. Over the past year, we also saw rff alumni Richard Newell, Joseph Aldy, Michael Tay-

lor, and Shalini Vajjhala take key positions in the federal government. One example of the reach of our

work can be found in the most recent Economic Report of the President, which cited three rff studies in

the chapter on environmental policy. 

rff also strengthened its convening role with seminars that brought together policymakers, experts,

and the interested public. Our First Wednesday Seminars and Policy Leadership Forum series drew ca-

pacity crowds for discussions on topics like climate adaptation policy, tensions between the development

of renewable energy and the preservation of open space, the link between forests and climate policy,

and how to properly account for the risks posed by natural disasters. We also cohosted a highly suc-

cessful conference with the Society of Risk Analysis on new ideas for risk regulation as well as a confer-

philip r. sharp 

president

lawrence h. linden

chair

A Message from the
President and Chairman
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ence on the distributional impacts of energy policy, cosponsored with the University of Chicago and the

University of Illinois.

In order to activate the potential of rff’s research, we also moved forward in communicating our re-

search findings and expertise. Our researchers pushed the intellectual frontier with contributions in top

scholarly journals. We invigorated Weathervane, rff’s digital forum on climate policy as a blog, and cre-

ated new stand-alone websites for our Forest Carbon Index and Adaptation Atlas. In addition, we entered

into a partnership with the successful publisher Earthscan to increase the reach of rff Press, our book-

publishing arm, and continued an important partnership with Environment for Development, a research

consortium with centers in China, Central America, and Africa.

To ensure that rff maintains a presence and delivers insights on some of the most critical issues of our

time, we also made significant investments in our future impact through the creation of three new cen-

ters on health, ecosystems, and climate and electricity policy:

† The newly created Center for the Management of Ecological Wealth’s mission is to increase well-

being though improved management of our ecosystems and other natural resources, given that natural

systems are central, complex, and increasingly threatened sources of wealth and well-being to people.

† We have integrated our successful programs on climate policy and electricity policy into the new Cen-

ter for Climate and Electricity Policy, which will continue to provide analysis and insight on policy options

for climate change policy and the ongoing transformation of the nation’s electric-power sector.

† The Center for Disease Dynamics, Economics and Policy is bringing together economists, epidemiol-

ogists, legal scholars, and experts from other disciplines to develop novel approaches to understanding

and crafting policy solutions to urgent global health challenges.

Lastly, we achieved a key institutional goal by exceeding our funding targets for the past year. In the

current climate, this is a remarkable achievement, one that everyone associated with rff can take justifi-

able pride in. Of course, this success, as with all the others we enjoyed this year, would not have been

possible without rff’s many generous supporters. We are extremely grateful for this support and look-

ing forward to the year ahead.

Lawrence H. Linden, Chair

Founder and Trustee

Linden Trust for Conservation and

Retired Partner, Goldman Sachs

Philip R. Sharp, President

Resources for the Future



A t rff, we like numbers. When you turn the

page, you’ll see an array of noteworthy

2009 statistics—the extraordinary number

of people who now access our findings on

the web, the diverse countries we involve

in our work, and our steady 0utput of re-

search papers, books, and testimony on current issues.

The rigorous inquiry behind those numbers is driven by the appli-

cation of tools and methodologies to real-world resource issues

through a legacy that inculcates collaboration, innovation, dissemi-

nation, and public engagement. Our scholars influence policy and the

world of ideas through relevant, cutting-edge research, service on

government panels, formal and informal meetings with policymakers,

and the communication of our expertise and ideas.

A commitment to quality and relevance

We believe that addressing crucial global challenges requires the very

best research and scholarship. We expand the intellectual frontier

through contributions to top scholarly journals like the American Eco-

nomic Review, the Journal of Economic Literature, Proceedings of the

National Academy of Science, Risk Analysis, and Science. Our re-

searchers serve on prestigious scientific panels looking at questions

such as social costs associated with the use of fossil fuels, food safety,

and the threats from deadly species-crossing microbes. 

In 2009, we initiated major research projects addressing key en-

vironmental and natural resource issues. At the UN climate negotia-

tions in Copenhagen, rff unveiled two significant web-based tools—

the Forest Carbon Index and the Adaptation Atlas. A major research

report, entitled The State of the Great Outdoors, delved into the sta-

tus of America’s outdoor resources, the demand for recreational ven-

ues, and the financing of conservation, open parks, and open space.

And we continued major efforts on U.S. climate and energy policy,

climate adaptation, global forests, antibiotic resistance, and improv-

ing regulatory policies. 

A respected convener

rff provides a dispassionate setting for policy deliberations—both in

public forums and internal workshops. In 2009, our Policy Leadership

Forum series hosted Senator Lamar Alexander for an address on en-

ergy and open space. The annual Hans Landsberg Lecture was deliv-

ered by Rosina Bierbaum, dean of the School of Natural Resources

and Environment at the University of Michigan.

rff’s First Wednesday Seminars continue the longest-running en-

vironmental policy series in the nation, and this year included ses-

sions on risk regulation, distributional impacts of climate policy, and

international trade and climate. The exchanges that occur in these

gatherings play an important role in maintaining rff’s reputation as a

crucible in which ideas are tested.

Making our voices heard

Our primary goal as a research institution is to improve environmen-

tal and natural resource policymaking worldwide. New communica-

tion vehicles like Weathervane, rff’s climate policy blog, provide ac-

cessible and reader-friendly discussion of important research and

policy issues. Of course, one of the most important forums for pre-

senting our findings is before Congress. In 2009, several rff schol-

ars were asked to testify about critical matters pertaining to proposed

and current legislation:

Costs and Benefits for Consumers and Energy Price Effects

Associated with the Allocation of Greenhouse Gas

Emissions Allowances

Karen L. Palmer

U.S. Senate Committee on Energy and Natural Resources 

An Economic Assessment of Eliminating Oil and Gas 

Company Tax Preferences

Stephen P.A. Brown

U.S. Senate Finance Subcommittee on Energy, Natural Resources

and Infrastructure 
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Climate Change Legislation: Allowance and Revenue 

Distribution

Dallas Burtraw

U.S. Senate Committee on Finance 

Addressing Price Volatility in Climate Change Legislation

Dallas Burtraw

U.S. House of Representatives Committee on Ways and Means

Competitiveness and Climate Policy: Avoiding Leakage of

Jobs and Emissions 

Richard D. Morgenstern

U.S. House of Representatives Energy and Commerce Subcommittee

on Energy and Environment

Protecting Lower Income Families While Fighting Global

Warming 

Dallas Burtraw

U.S. House of Representatives Committee on Ways and Means

Subcommittee on Income Security and Family Support
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An Index of RFF Activities

countries during 2009.

people came to events held
here at rff and abroad.

Issue Briefs, Reports, and
Backgrounders were distributed
widely at conferences and rff

events.

Discussion Papers,
on research work 
in progress, were
published.

people receive Resources, rff’s free
quarterly magazine.

Researchers worked in more than

Over

Australia
Austria
Belgium
Brazil
Britain
Canada
China
Costa Rica
Czech Republic
Denmark

India 
Indonesia
Italy
Kenya 
Mexico
Mongolia
The Netherlands
New Zealand
Norway
The Philippines
Poland

Portugal
South Africa
Spain
Sweden
Switzerland
Tanzania
Uganda
United Arab Emirates
Vietnam



million page views were
logged on the rff website.

articles were 
published in 
peer-reviewed 
journals.

countries, ranging 
from Canada to China,
found critical insights 
on the rff website.

people receive 
RFF Connection, rff’s 
monthly e-newsletter 
highlighting news, 
publications, and events.

Weekly Policy 
Commentaries were
posted online.

workshops and First
Wednesday Seminars 
were held here at rff

and abroad.

Blogs: Weathervane provides 
comprehensive coverage of environmental
and economic aspects of global climate
change policy. Extending the Cure offers 
commentary and news coverage regarding 
antibiotic effectiveness.

books were 
published by
rff Press.

Nearly

Visitors from

new researchers from 
leading universities joined
the research staff and 

more current and 
former rffers joined 
the administration.



assets year ending september 30 2009 2008

current assets
Cash and cash equivalents $         70,171 $           225,425
Grants and contract revenue receivable 1,658,419 947,390
Contributions receivable 464,850 529,767
Other receivables 103,127 44,058
Other assets 299,614 676,928 

Total current assets $  2,596,181 $ 2,423,568 

Contributions receivable, net of current portion $  358,370 $  358,370 

investments
Investments at fair value 25,315,900 26,779,483
Investment in land 8,900,000 8,900,000
Investment in RCC 3,753,475 4,184,876   

Total investments $ 37,969,375 $ 39,864,359 

Fixed assets–net of accumulated depreciation 6,575,400 6,844,776
Assets held under charitable trust agreements 319,122 355,779

total assets $  47,818,448 $ 49,846,852 

liabilities and net assets year ending september 30 2009 2008

current liabilities
Tax-exempt bond financing, current portion $  215,000  $ 210,000 
Grants and awards payable 45,000 20,250
Accounts payable and accrued liabilities 2,273,359 2,017,406
Deferred revenue 159,031 106,224 

Total current liabilities $ 2,692,390  $ 2,353,880  

Tax-exempt bond financing, net of current portion 6,130,000 6,345,000
Liabilities under split-interest agreements 347,484 384,810
Funds held for others 37,414 48,899

Total liabilities $ 9,207,288 $ 9,132,589 

net assets
Unrestricted 29,055,717 31,953,005
Temporarily restricted 3,632,536 2,845,763
Permanently restricted 5,922,907 5,915,495 

Total net assets $  38,611,160  $  40,714,263 

total liabilities and net assets $  47,818,448   $  49,846,852  

book sales 

1.8%

investment & 

rental income 

21.2%

gifts 

and grants 

76.6%

telephone 

revenue 

0.4%

development 5.1%

building operations 7.9%

management and 

administration 10.3%

research programs 76.7%
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Financial 
Statements

revenue

In fiscal year 2009, rff's operating revenue was

$13.1 million, 76.6 percent of which came from

individual contributions, foundation grants, cor-

porate contributions, and government grants.

rff augments its income by an annual withdrawal

from its reserve fund to support operations. At

the end of fiscal year 2009, the reserve fund was

valued at $25.3 million.

expenses

rff research and educational programs contin-

ued to be vital in 2009, representing 76.7

percent of total expenses. Management and

administration, and development expenses

combined were 15.4 percent of the total. The

balance is related to facilities rented to other

nonprofit organizations.



statement of activities year ending september 30 2009 2008

changes in unrestricted net assets

revenue

Individual contributions $        658,570  $          465,559  
Foundation grants 4,643,937 1,993,928
Corporate contributions 1,383,377 2,011,001
Government grants and contracts 1,830,065 2,016,661
Other institution grants 1,521,149 1,451,450
Rental income 2,700,292 2,584,937
Investment income net of fees 81,224 382,165
Telephone revenue 51,756 89,680
Book sales 231,852 201,386   

Total operating revenue $  13,102,222 $   11,196,767  

expenses

Programs
Research $      10,075,476  $          8,301,918  
Academic Relations 242,606 192,838
RFF Press 540,524 531,678
Communications 1,216,155 1,071,225
Other direct 152,271 203,236   

Total program expenses $   12,227,032  $    10,300,895   

Fundraising 820,123 649,236
Management and administration 1,639,529 1,687,278
Building operations and maintenance 1,267,403 1,238,104   

Total functional expenses $  15,954,087  $   13,875,513   

Change in unrestricted net assets from operations (2,851,865) (2,678,746)

Non-operating revenues
Realized and unrealized losses on investment transactions 748,762 (9,769,996)  

increase (decrease) in unrestricted net assets (2,103,103) (12,448,742) 

net assets at beginning of year 40,714,263 53,163,005  

net assets at end of year $  38,611,160  $   40,714,263 



president's circle

$25,000 and above

Stephen D. Bechtel

Preston Chiaro

Lawrence H. Linden

Henry B. Schacht

Simons Foundation

Mark R. Tercek

council

$5,000 to $24,999

Merribel S. Ayres

Vicky A. Bailey

Carter F. Bales

Paul F. Balser

Blair T. Bower*

Emery N. Castle

W. Bowman Cutter

John M. Deutch

E. Linn Draper

John Evangelakos

Linda J. Fisher

Dod A. Fraser

Bob and Jill Fri

Kathryn S. Fuller

Edward F. Hand

Peter R. Kagan

Raymond J. Kopp

Michael A. Mantell

Jan W. Mares

Steven W. Percy

Helen Raffel

Peter J. Robertson

Roger W. Sant

Philip R. Sharp

Jeffrey A. Smith

Edward L. Strohbehn

William L. Thomas

* Deceased

associates

under $5,000

Gregory Alexander

H. Spencer Banzhaf

Donald L. Bauer

Harold and Colene Brown Family

Foundation

Barbara Bush

Richard V. Butler

William A. Butler

Trudy Ann Cameron

John M. Campbell

Kathryn Gabler and Melvyn Cantor

Mark A. Cohen

John C. Colman

Rebecca A. Craft

Joel Darmstadter

Joseph M. Dukert

George C. Eads

Kelly Eakin

Mohamed El-Ashry

Christopher Elliman

Robert S. Epstein

Daniel C. Esty

Anthony C. Fisher

Margaret W. Fisher

Warren Fisher

Kenneth D. Frederick

A. Myrick Freeman

David K. Garman

Bob and Debbie Groberg

Lea Harvey

David G. Hawkins

Deborah S. Hechinger

Daniel W. Hildreth

William Hildreth

Fisher Howe

R. Glenn Hubbard

Robert James

Richard W. Johnson

John F. Kaslow

James M. Kiefer

Norman V. Kinsey

Robert A. Kistler

Resources for the Future gratefully acknowledges gifts received from

the following donors of $100 and above during the 2009 fiscal year.

Donors who made gifts of at least $5,000 are designated members 

of rff’s Council and receive key benefits, including complimentary

copies of all rff publications, special access to rff researchers, and 

invitations to Council meetings and other rff invitation-only events. 

Individual Donors
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Howard and Julia Klee

Daniel E. Klein

Ruben Kraiem

Thomas J. Lareau

Lester B. Lave

Peter Linquiti

Thomas E. Lovejoy

Mary E. McWilliams

M. Granger Morgan

Bruce H. Parker

Blas Pérez-Henríquez

Jonathan W. Peters

Edward L. Phillips

Bernard Picchi

Mark Pisano

Paul Portney

Carol M. Rose

Thomas C. Schelling

Richard Schmalensee

Schmitz-Fromherz Family Fund

Gunter Schramm

Pamela Spofford

Robert N. Stavins

Joseph E. Stiglitz

Helen Marie Streich

Richard Strombotne

John E. Tilton

Victoria J. Tschinkel

Thomas C. Wegge

Chris G. Whipple

Carolyn M. Wilhelm

R. James Woolsey
rff is especially grateful to the

following individuals who have

included our institution in their

estate plans. 

Maybelle Frashure

Kenneth D. Frederick

Robert W. Fri

Darius W. Gaskins

Lincoln Gordon

Robert E. Grady

Debbie Groberg

Winston Harrington

Donald M. Kerr

Thomas J. Klutznick

Allen V. Kneese*

John V. Krutilla*

Catherine G. Abbott

John F. Ahearne

Paul F. Balser

Blair T. Bower*

Emery N. Castle

Thomas D. Crocker

J. Clarence Davies

Margaret W. Fisher

Hans H. Landsberg*

Steven W. Percy

Paul R. Portney

Michael Rosenwasser

William D. Ruckelshaus

Clifford S. Russell

Flora Stetson*

Helen Marie Streich

Edward L. Strohbehn

Victoria J. Tschinkel

Gilbert F. White*

Irving Zuckerman*

* Deceased

Legacy Society 
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president’s circle 

$50,000 and above 

Alcoa Foundation
Meg McDonald
President and Treasurer

American Electric Power
Company, Inc. 
Bruce H. Braine
Vice President, Strategic Policy
Analysis

Chevron Corporation
Georgia A. Callahan
General Manager, Global Policy &
Strategy

ConocoPhillips 
R.A. Ridge
Vice President, Health, Safety &
Environment

Duke Energy 
James E. Rogers
President & Chief Executive O≈cer

ExxonMobil Corporation
Sherri K. Stuewer
Vice President, Safety, Health, and
Environment

Goldman, Sachs & Co.
Tracy R. Wolstencroft
Managing Director

Parsons & Whittemore, Inc.
James M. Matheson
Senior Vice President

PG&E Corporation
Steven L. Kline
Vice President, Federal
Governmental & Regulatory
Relations

council

$25,000 to $49,999 

Altria 
Wendy C. Shields
Specialist, Corporate Responsibility
Strategy

American Chemistry Council
Michael P. Walls
Managing Director, Regulatory &
Technical Affairs

American Honda Motor
Company
David Raney
Senior Manager, Environmental &
Energy Affairs

Aramco Services Company
James W. Ragland
Director, Economic Research Group

Cummins Inc. 
John C. Wall
Vice President, Environmental
Policy & Product Strategy

The Dow Chemical Company
Peter A. Molinaro
Vice President, Federal & State
Government Affairs

Eastman Chemical Company
Lynn L. Schloesser
Director, Federal Affairs

Electric Power Research
Institute
Steven R. Specker
President & Chief Executive O≈cer

Encana Corporation
Gerard J. Protti
Executive Advisor

Hunton & Williams, llp

F. William Brownell
Partner

Nuclear Energy Institute
Marvin S. Fertel

The Salt River Project
Richard M. Hayslip
Assistant General Manager
Environment, Human Resources,
Land, Risk Management &
Telecommunications

Schlumberger Ltd.
Rodney Nelson
Vice President, Communications

Shell Gas and Power Americas
Curtis Frasier
Executive Vice President

Southern Company
Chris M. Hobson
Vice President, Environmental
Affairs

Tokyo Electric Power Company
Kenji Matsuo
General Manager

Toyota Motor 
North America, Inc.
Josephine S. Cooper
Group Vice President, Government
& Industry Affairs

Two Sigma Investments, llc

Pierre S. DuPont

Warburg Pincus, llc

Peter R. Kagan
Managing Director 

Corporate
Contributors

rff would like to thank all of the corporations and associations that sup-

ported our research and outreach efforts in 2009. These organizations

share rff’s interests in informing the public policy debate—and their

contributions provide critical general support to our organization. This

marks the third year of our President’s Circle, which recognizes those

corporations and associations that donated $50,000 or more annually.

Since its founding in 1991, the rff Council has recognized corporations

and associations that contribute at least $25,000 annually to rff. Associ-

ates contribute up to $25,000 annually.

The individuals listed under the President’s Circle and Council represent

their organizations in each of these categories and make up a valuable

community of corporate stakeholders on whom we rely for honest feed-

back of our work.
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associates

under $25,000 

Allete, Inc.

Alliance of Automobile
Manufacturers

Association of International
Automobile Manufacturers

The Coca-Cola Company

Consolidated Edison Company 
of New York

Constellation Energy

Edison Electric Institute

Électricité de France

Elliot Company of 
Indianapolis

Entergy Corporation

Kohrman, Jackson & 
Krantz, pll

Mead Westvaco Corporation

Plum Creek Timber 
Company, Inc.

S.C. Johnson & Sons, Inc.

Stout & Teague 
Management Corporation

matching gifts

The following institutions generously supported rff in 2009 through
matching gift support.

Deutsche Bank Americas

Duke Energy

Equitable Resources Foundation

The Ford Foundation

Warburg Pincus, llc

foundations and 

other institutions

rff would like to thank the many

foundations and independent or-

ganizations that provided support

in 2009. These gifts help diver-

sify our funding base, advance

key projects, and extend our re-

search on important policy issues.

Alfred P. Sloan Foundation

Asian Development Bank

Bill and Melinda Gates Foundation

Bipartisan Policy Center

The Conservation Fund

The David and Lucile Packard
Foundation

Doris Duke Charitable Foundation

George Kaiser Family Foundation

The G. Unger Vetlesen Foundation

Mertz Gilmore Foundation

Mizuho Information & Research
Institute

Robert Wood Johnson Foundation

Smith Richardson Foundation

Statistics Norway

Swedish Environmental Research
Institute, Ltd.

Tinker Foundation

United Nations Environment
Programme

University of Gothenburg

Virginia Polytechnic Institute &
State University

World Wildlife Fund

government 

agencies

rff receives approximately 18 per-

cent of its total operating revenue in

the form of project grants and con-

tracts from government agencies.

Government-sponsored research

must be nonproprietary. That is,

RFF insists on the right to share the

results of the work with all partici-

pants in the policy process.

California Institute of Technology

Health Effects Institute

Industrial Economics, Inc.

Johns Hopkins University

National Aeronautics and Space
Administration

National Institutes of Health

National Oceanic and Atmospheric
Administration

National Science Foundation

Pacific States Marine Fisheries
Commission

The State of Maryland, Department
of Natural Resources

U.S. Army Corps of Engineers

U.S. Coast Guard

U.S. Department of Energy

U.S. Department of Health and
Human Services

U.S. Department of Transportation

U.S. Environmental Protection
Agency

U.S. Geological Survey

Foundation and 
Government Support
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Top row, from left: Peter R. Kagan, W. Bowman Cutter, John M. Deutch, Preston Chiaro, Mohamed T. El-Ashry, Richard

L. Schmalensee, Michael A. Mantell. Middle row, from left: David G. Hawkins, Deborah S. Hechinger, Mark R. Tercek,

Robert N. Stavins, Frank E. Loy, Vicky A. Bailey, Daniel C. Esty. Bottom row, from left: Trudy Ann Cameron, Lawrence

H. Linden, Philip R. Sharp, Linda J. Fisher, Dod A. Fraser, Peter J. Robertson, Kathryn S. Fuller. Not pictured: Steven

W. Percy, Michael J. Bean, E. Linn Draper, Jr., Charles F. Kalmbach, and Joseph Stiglitz

Board of Directors

Lawrence H. Linden*

Chair

Founder and Trustee

Linden Trust for Conservation

Steven W. Percy*

Vice Chair

Former ceo

BP America

Philip R. Sharp*

President

Resources for the Future

Vicky A. Bailey

President

Anderson Stratton, International llc

Trudy Ann Cameron

Raymond F. Mikesell Professor 

of Environmental and Resource 

Economics

University of Oregon

Preston Chiaro

Chief Executive Officer

Rio Tinto Energy Group

W. Bowman Cutter*

Managing Director

Warburg Pincus

John M. Deutch

Institute Professor

Massachusetts Institute of 

Technology

E. Linn Draper, Jr.

Retired Chairman of the Board, 

President and ceo

American Electric Power 

Company, Inc.

Mohamed T. El-Ashry*

Retired ceo and Chairman

Global Environment Facility

Daniel C. Esty

Hillhouse Professor of 

Environmental Law and Policy

Yale Law School

Linda J. Fisher

Vice President & Chief

Sustainability Officer

DuPont Environment & Sustainable

Growth Center

Dod A. Fraser*

President

Sackett Partners Incorporated

White Plains, NY

Kathryn S. Fuller*

Chair

Ford Foundation Board of Trustees

David G. Hawkins

Director of the Climate Center

Natural Resources Defense Council

Deborah S. Hechinger

Debbie Hechinger Consulting 

Peter R. Kagan

Managing Director

Warburg Pincus, llc

Charles F. Kalmbach*

Chief Executive Officer

DBM, Inc.

Frank E. Loy*

Washington, DC

Michael A. Mantell

Attorney

Resources Law Group

Peter J. Robertson

Retired Vice Chairman of the Board

Chevron Corporation

Richard L. Schmalensee

John C. Head III Dean and

Professor, Economics &

Management

Sloan School of Management

Massachusetts Institute of

Technology

Robert N. Stavins

Albert Pratt Professor of Business &

Government and Chair,

Environment & Natural Resources

Faculty Group, John F. Kennedy

School of Government, Harvard

University

Joseph Stiglitz

Professor of Economics, Business &

International Affairs

Columbia University School of 

Business

Mark R. Tercek

President & ceo

The Nature Conservancy

chair emeriti

Darius W. Gaskins, Jr.

Partner

Norbridge, Inc.

Robert E. Grady

Partner and Managing Director

The Carlyle Group
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officers 

Philip R. Sharp
President 

Edward F. Hand
Vice President, Finance
and Administration 

Lea Harvey
Vice President,
Development and
Corporate Secretary 

Mark Cohen
Vice President, Research

researchers 

Maura Allaire  
Research Assistant

Allen Blackman 
Senior Fellow

Josh Blonz                         
Research Assistant

James W. Boyd 
Senior Fellow

Timothy J. Brennan 
Senior Fellow

Stephen P.A. Brown 
Nonresident Fellow

Dallas Burtraw 
Senior Fellow 

Susie Chung 
Senior Research
Assistant

Conrad Coleman 
Research Associate

Abigail Colson 
Senior Research
Assistant

Roger M. Cooke 
Chauncey Starr Senior
Fellow

Maureen Cropper 
Senior Fellow

Sarah Darley 
Research Associate

Joel Darmstadter 
Senior Fellow

J. Clarence (Terry)
Davies 
Senior Fellow

Alice Easton 
Research Assistant

Mike Eber 
Research Assistant

Harrison Fell 
Fellow

Jeff Ferris  
Research Assistant

Carolyn Fischer 
Senior Fellow

Hellen Gelband  
Project Manager

Patricia Geli Rolfhamre 
Post-doctoral Researcher

Aysha Ghadiali 
Research Associate

Winston Harrington 
Associate Research
Director and Senior
Fellow 

Kristin Hayes 
Research Associate

Sandra A. Hoffmann 
Fellow

Raymond J. Kopp 
Senior Fellow and
Director of the Climate
Policy Program

Carolyn Kousky 
Fellow

Nisha Krishnan 
Research Assistant

Alan J. Krupnick 
Research Director and
Senior Fellow 

Ramanan Laxminarayan 
Senior Fellow and
Director, Center for
Disease Dynamics,
Economics, and Policy

Arnaud Le Menac'h 
Post-doctoral Researcher

Griffin LeNoir 
Research Assistant

Shanjun Li 
Fellow

Molly K. Macauley 
Research Director and
Senior Fellow

Erin Myers Madeira 
Program Fellow

Shawn Magnuson 
Research Assistant

Joe Maher                                           
Research Assistant

Jan Mares 
Senior Policy Advisor

Virginia McConnell
Senior Fellow

Eric Moore 
Research Assistant

Richard D. Morgenstern 
Senior Fellow

Daniel Morris 
Research Associate

Karen Palmer 
Darius Gaskins Senior
Fellow

Ian W.H. Parry 
Allen Kneese Chair and
Senior Fellow

Anthony Paul 
Program Fellow

Louis Preonas 
Research Assistant

Katherine N. Probst 
Senior Fellow

Heather Randell                
Research Assistant

Elena A. Safirova 
Fellow

Stephen W. Salant 
Nonresident Fellow

Roger A. Sedjo 
Senior Fellow

Maya Sequiera                                   
Research Assistant

Leonard A. Shabman 
Resident Scholar

Jhih-Shyang Shih 
Fellow

Juha Siikamäki 
Fellow

Andrew Stevenson 
Research Assistant

Richard Sweeney 
Research Assistant

Sarah Jo Szambelan 
Research Assistant

Shalini Vajjhala 
Fellow

Margaret Walls 
Thomas J. Klutznick
Senior Fellow

Roberton C. Williams III 
Director of Academic
Programs and Senior
Fellow

Cara Winters 
Research Associate

Matt Woerman 
Research Assistant

communications

Peter Nelson 
Director 

Stanley N. Wellborn
Director of Public Affairs 

John W. Anderson 

Ellen Davey

Felicia Day 

Adrienne Foerster 

Scott D. Hase 

Lisa Mihalik 

Scott Salyer 

development

Angela Blake

Barbara Bush
Director of Donor
Relations

Virginia N. Kromm
Director of Corporate
and Foundation
Relations 

Michele Leahy 

rff press 

Don Reisman
Director 

Andrea Titus  

finance and

administration

Marilyn S. Alano

Julie Alleyne

Aris M. Awang

Jane Bergwin-Rand

Michael J. Brewer

Christopher B.
Clotworthy

Mary Ann Daly

William Isaac

David McLaughlin

Nauman Memon

Mara Parrish

Belma Ramja

Claudia Rios

Priscilla Ugoji

Marilyn M. Voigt
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Staff
and
Fellows

All nature photography in this 

annual report © Ken Schory.

www.kenschory.com
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Resources for the Future is an independent, nonpartisan think tank that, through its social 

science research, enables policymakers and stakeholders to make better, more informed decisions

about energy, environmental, natural resource, and related public health issues. Headquartered in 

Washington, DC, its research scope comprises initiatives in nations around the world.
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orests are playing a starring role in ongoing interna-
tional climate negotiations because curbed deforesta-
tion and forest degradation are considered some of
the lowest-hanging fruit available to reduce global
greenhouse gas emissions. Policymakers, however,
have their work cut out for them because data are of-
ten ad hoc, imprecise, and inadequate. Today, there
are higher-resolution maps of the Moon and Mars
than of Earth’s forests. 

Outlining the total area coverage of forests is difficult because there are myriad definitions of what
actually constitutes a forest, while no consensus exists about deforestation rates across the globe. As an
illustration, the Intergovernmental Panel on Climate Change (IPCC) estimated that emissions from
forests in 2007 represented about 17 percent of total international emissions, whereas studies published
in fall 2009 estimated a range from 6 to 17 percent. 

While the total deforestation picture in tropical forests remains fuzzy, even less attention is paid to
reforestation and forest preservation occurring in boreal and temperate forests. Reducing emissions
from deforestation and degradation (REDD)—which is strongly dependent on reliable measurement and
monitoring—is a prominent aspect of the Bali Road Map, established by the UN Framework Conven-
tion on Climate Change (unfccc) processes in 2007. REDD was also prominent on the agenda at the un-
fccc Conference of Parties meeting in Copenhagen in December 2009.

Measurement Error

Ambiguous forest measures are the result of nonstandard reporting methodologies and a patchwork of
substandard tools and techniques. Nations self-report these data, differ in their political and fiscal pri-
orities regarding accurate assessment, and vary widely in technical capacity to inventory their forests.
Data are updated every five years or so and even then are often extrapolated from past trends.

Most uncertainties in measurement manifest in four variables: forest area, timber volume, forest bio-
mass, and carbon. Because these variables are interrelated, uncertainties in their measures compound
and potentially result in a final estimate that has significantly more uncertainty than any single variable.
Highlighting these discrepancies can help policymakers and practitioners develop robust measurements

Why We Need Accurate Maps of 
the World’s Forests �
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ments that are good enough and consistent enough for parties 
interested in forests. These measurements have to be sound for sci-
entific debates, timber sales, and carbon credits. From there, econo -
mical methods for meeting them must be established.

Existing and Emerging Technologies

Satellite technology has recently advanced to a point where it can
improve the reliability and accuracy of measures of different forest
attributes. Monitoring programs have been using satellite data since
the U.S. Landsat program got off the ground in the early 1970s.
Landsat is the longest continuously operating satellite remote-
sensing system in the world, and many organizations, including the
UN FAO, incorporate Landsat data into forest assessments, partially

that are good enough and consistent enough for all stakeholders in-
terested in forests. 

New RFF research documents major discrepancies in forest
measures across the globe. For example, El Salvador’s forested land
shrank 14 percent from 1990 to 2000 according to a UN Food and
Agriculture Organization (FAO) assessment, but another study re-
ported that dense forested land area expanded 25 percent in the
same time period. The figures below show disagreements between
forest surveys on deforestation hot spots and illustrates the gaps
among global forest datasets. Even measurement best practices ap-
proved by the IPCC, currently the most authoritative source on cli-
mate science, are not without measurement uncertainties. 

The purpose of pointing out these discrepancies is not to develop
perfect measurement of forests, but rather to develop measure-

Measuring and 
Monitoring the 
World’s Forests

O
ne significant lesson from

the recent financial crisis

is the need for institutions

that are transparent and

can be monitored effectively. The world’s

forests, on which many people in poor and

developing countries depend, suffer from 

a similar lack of oversight institutions that

can accurately and regularly report their sta-

tus. As environmental conservation and cli-

mate change help focus the inter national

policy community’s attention on forest eco -

system issues, the current inability to answer

the question “What is the current state of the

world’s forests?” becomes more troubling.

In 2009, rff scholars Roger Sedjo and

Molly Macauley, with support from the 

Alfred P. Sloan Foundation, embarked on a

project to begin answering that very ques-

tion. Together with forestry and remote-

sensing experts from across the globe, they

began a major research initiative to investi-

gate the economic, technical, and institu-

tional issues associated with improving

global forest measurement and monitoring. 

The project focuses on three major is-

sues: major discrepancies in current forest

accounting and measurements, the tech ni-

cal capabilities of remote-sensing technolo-

gies, and the level of accuracy and precision

required for forest measurements to be

useful for scientists, policymakers, and prac-

titioners. 

Forest cover from Mexico to

Panama classified by

glc2000 (far left) and by

modis (left, top and bottom)

and the disagreement be-

tween them. The red circle

identifies a hot spot of dis-

agreement in Guatemala and

El Salvador. 

Source: Geo-WIKI 2009.
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because it remains the least expensive option. 
Despite Landsat’s obvious benefits, the availability of its data in

the future is in question due to federal budgetary limits. Addition-
ally, newer technologies can provide more accurate and more com-
plete monitoring coverage, though at present, at a much higher
price. Recent improvements in analytical techniques for distin-
guishing distinct land cover and the combination of different types
of satellite imagery can generate forest maps that are 80 to 90 per-
cent accurate. 

Encouraging technical progress is not limited to optical satellite
sensors, such as those on Landsat. Other technologies, such as radar
and LIDAR (light detection and ranging) also show great promise.
LIDAR scans are conducted by sending laser pulses to the ground and
measuring the returning radiation to penetrate the forest canopy,
facilitating three-dimensional accuracy. Such data could provide un-
precedented accuracy and understanding of forest area, volume, and
biomass. The ability of LIDAR to measure both forest canopy height
and ground elevation can increase accuracy in measurement of vol-
ume by at least 80 percent. 

Unfortunately, LIDAR’s potential is limited because at present, the
remote-sensing equipment is carried on an airplane. This approach
drives up expense and does not guarantee global coverage. Airborne
LIDAR can collect only a narrow swath of information on one pass,
much smaller than one pass from a satellite; moreover, flights re-
quire permission to fly over a country’s airspace. Right now, radar
technology is only a small part of the satellite fleet, and the first satel-
lite-based LIDAR is not scheduled to be launched until 2015 or later. 

Despite some shortcomings, new global satellite measurement
and monitoring capabilities hold promise for providing accurate, pe-
riodic, and cost-effective global forest datasets. Satellite technology’s
unique advantages include the potential for improvement in tem-
poral and spatial resolution, standardized measurement protocols,
regularly updated global observations, and transparent, replicable
methodology. Any regime for advanced data collection will need to
be buttressed and validated with extensive “ground-truthing”
(through field surveys, for example) and supported by proper insti-
tutions to enable accurate global monitoring of forests.

The global reach and frequent coverage enabled by the space-
based vantage point of satellites may assist in providing information
to monitor several concerns associated with use of forest carbon as
part of climate policy. Satellite observations from Landsat may pro-
vide a historic baseline from which to measure changes in forested
acreage. Accurate baselines are important for addressing addition-
ality, which refers to actions that are taken to preserve forests in ad-
dition to actions that might be taken in the absence of any policy.
Satellite observations that are periodic, with at least complete yearly
coverage, may help monitor permanence or whether forests in-
tended to serve as offsets are indeed maintained. Moreover, satel-
lites provide global coverage to monitor deforestation that may take
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place in one area in response to avoided deforestation elsewhere, a
problem known as leakage. 

Solutions and New Institutions

To truly gain understanding of the state of the world’s forests, meas-
urements must advance beyond the current system of ad hoc, in-
consistent data collection. The ultimate goal of RFF’s Measurement
and Monitoring of the World’s Forests project is to construct a po-
tential framework for developing and conducting a global forest
“census,” which can provide for the first time an accurate, expan-
sive, and universally accessible database of forest attributes.

Advancing a state-of-the-art forest census will require a strong
network of expertise, easily understood and achievable standards,
and an international coordinating framework to organize many on-
going data collection and ground-truthing efforts. Recognition of
the need for an independent, coordinated institution or set of insti-
tutions to gather and manage quality datasets is growing. As early
as 2002, the G-8 recognized the desirability of coordinating myriad
Earth-observing systems to enhance stewardship of the world’s nat-
ural and environmental resources. 

The G-8’s response was to form the Global Earth Observation
System of Systems (GEOSS), directed by the Group on Earth Obser-
vations (GEO), which has over 75 national governments as members.
Coordinating and networking the efforts of GEO, which has a draft
forest carbon tracking program in place for 2009 through 2011, with
international experts and other organizations active in forest mon-
itoring and measurement will result in major advances in observing
the state of forests across the globe.

The timing for these efforts could not be more advantageous. In
the lead-up to the15th Conference of the Parties meetings in Copen-
hagen, British Prime Minister Gordon Brown emphasized the criti-
cal role satellite observations will play in monitoring forest carbon
systems established by the COP negotiation process. According to
Brown, “. . . satellite navigation systems are going to be very impor-
tant to the developing of a forest policy. Either you’re planting more
forests, of course, which is obvious, you can monitor that; or that
what is agreed to be protected is actually protected. And I think we’re
getting better means by which we can have satellite observance of
what’s going on.” ∫

Further Reading

This article is based on work by several contributors to RFF’s Measurement and Moni-
toring of the World’s Forests initiative, available at rff.org/worldsforests.

Fagan, Matthew and Ruth DeFries. 2009. Measurement and Monitoring of the
World’s Forests: A Review and Summary of Remote Sensing Technical Capability,
2009–2015. December. Washington, DC: Resources for the Future

Waggoner, Paul. 2009. Forest Inventories: Discrepancies and Uncertainties. Dis-
cussion paper 09-29. Washington, DC: Resources for the Future
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N
ot all the news on global climate change is gloomy. Global production of indus-
trial timber should increase, even in the face of some regional losses. 

In a warming world, global forest area could increase by 5 to 6 percent by
2050. Forest productivity—essentially, the rate at which the trees in the forest
grow—is expected to rise. Timber harvests could be 6 percent greater in 2050
than they might have been without warming. In either scenario, forests would

colonize unforested regions, and there would be large-scale conversions from some forest types to oth-
ers. The equatorial region may not change much, but I predict there will be a significant expansion of
forests in the high latitudes. 

These estimates are based on a report that I recently submitted to the World Bank looking at how
the world’s forests can be expected to change in a slightly warmer world. My aim was to predict the
fate of the worldwide timber industry to the year 2050 if levels of carbon dioxide (CO2) were to double
from those of the late 1990s. To accomplish this, I reviewed the substantial body of climate change lit-
erature and used studies that paired two commonly used climate change models (the Hamburg t-106
model and the UIUC model) and an ecosystem model (BIOME3) to provide a starting place for my eco-
nomic analysis. Although my focus was on global impacts, I also examined some regional cases and sug-
gested steps that the global community might undertake to compensate developing countries for their
losses and minimize any future ones they may experience. 

Not every forest will thrive, however, and some forests will die back. The fate of individual forests
will depend upon the interaction of several variables, including temperature; moisture; and changes in
natural disturbances, such as fires and infestations. Some tree species will persist in a region while oth-
ers will decline.

How Climate Change May Affect Forests

Forecasters predict that the most dramatic increases in temperature will occur in high latitudes. Forests
can adapt to undesirable changes in temperature by “migrating” to a more favorable climate. Boreal
forests, which prevail in northern latitudes, eventually could possibly replace up to 50 percent of what
is now frozen tundra. The temperate forests of the middle latitudes may also expand into lands formerly
dominated by boreal forests. These relocated forests will not look exactly like their predecessors, be-
cause only some species will thrive and less adaptable species will die off. Temperatures in the equato-
rial regions should not increase dramatically, so tropical forests will not likely change much if at all. 

Migrating forests require more than just an agreeable temperature. They need suitable soil, suffi-
cient moisture, and adequate daily sunlight. They also need time. If temperatures rise too fast or if trees
cannot meet their other cultural requirements, some trees, and perhaps entire forests, may die before
they can migrate. Some of this dieback is expected at the southern boundary of the boreal forests. 

A Quick Botany Lesson

Trees require CO2 to grow, so the increased levels of CO2 that are contributing to climate change are
a boon to them. This carbon fertilization effect may be significant, particularly during the prime growth
years. In one study, trees grew 23 percent faster in a high CO2 environment. Although it will take more
research to determine the limits to this beneficial effect, one thing is not in doubt: both CO2 and forest
growth rates have been increasing since the middle of the 20th century.

Changes in precipitation and moisture may have the greatest impact on forests. Climate models are
limited in their ability to predict precipitation changes, but they tend to agree that continental interiors
will become drier. This could be problematic for some forests; some midlatitude regions may convert
to grassland because they are too dry for the forests that live there. We know little about the adapt-
ability of tropical forest species; if they are not resilient, a drier environment may overwhelm them.
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Figure 1.

Forest Plantation Development

Area (1,000/hectares) 

Figure 2. 

Global Timber Prices Over Time

Baseline Case

Hamburg Regeneration

Hamburg Dieback

UIUC Regeneration

UIUC Dieback

Source: Sohngen et al. 2001.

Northern and coastal regions may become wetter. Trees tend to thrive in moist environments, so forests
in these areas may succeed, even in the face of higher temperatures. 

Healthy forests can tolerate many natural disturbances, such as wildfires, disease, pests, and wind.
As trees are stressed by changes in temperature and precipitation, they may be less able to withstand
natural disturbances. Climate change is expected to increase the frequency and severity of some dis-
turbances, such as wildfires and pest infestations. Forests that adapt poorly are likely to suffer, and this
process may be occurring already. Devastating infestations of beetles have recently threatened forests
in western Canada, and many scientists believe it is because warmer winters have allowed the insect
population to flourish. 

Changes Ahead for the Timber Industry 

Historically, wood for industrial use came from the vast natural forests of the temperate regions—North
America, Russia, and northern Europe. Gradually, the natural forests of Southeast Asia and the South
American and African equatorial regions became major sources of timber. Today, natural stands are be-
ing eclipsed by planted forests, which are expected to provide more than half of the world’s industrial
wood by midcentury. Global change could hasten this transition, as some natural forests die back and are
replaced by planted forests in suitable species.
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Many of these planted forests reside in regions, such as Asia and Latin America, that did not play a
big role in the timber industry before. Figure 1 shows the amount of land devoted to planted forests in
various countries. Some of this was planted to restore and conserve forests, but much of it is destined
for harvest. 

When a resource is abundant, prices fall. Figure 2 presents five scenarios of wood price projections
until 2140. The baseline case assumes no climate change. There are two scenarios for each climate
model, one anticipating that lost forests will regenerate and one predicting they will not. The striking
conclusion is that in either global change scenario, timber will be significantly more abundant than it
would be in the absence of climate change. 

According to the Hamburg model, near-term losses will be greatest in the middle- and high-latitude
regions of North America, the former Soviet Union, China, Oceania, and Europe—regions that cur-
rently supply 77 percent of the world’s industrial wood. Meanwhile, forests in the lower-latitude re-
gions of South America, India, Asia-Pacific, and Africa will thrive, because temperature changes will be
minimal but CO2 levels will increase. The northern regions will become more productive once valu-
able species have again taken hold and matured. The UIUC model foretells less dramatic changes in the
middle and high latitudes, but greater temperature increases in the tropics, which would mean less dra-
matic productivity gains in that region. 

The Future of Forestry

Although we cannot know what will become of individual forests in the coming decades, managers can
prepare for and minimize the effects of climate change. In most areas, little or no adaptation will be nec-
essary. Those who manage natural forests may consider converting some vulnerable natural acreage
to planted forests with either current species that have short rotations or new, more sustainable species
by providing for the distribution of new seed sources. This could substantially reduce losses that might
occur if natural systems adapted on their own. 

Where adaptation measures are required, the cost may be high. Any increase in natural disturbances
may require higher training and containment costs, at least while trees are adjusting to new environ-
mental conditions. Pest infestations may require managers to replant with different species or to use
genetic engineering to create pest-resistant strains of a species already in place. Fires may be more preva-
lent and require expensive control activities. Forestry may no longer be profitable in some areas, so re-
source managers may have to plan for alternative land uses. Plantation managers may have to replant
other species or relocate, but increased productivity may offset these costs. ∫
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THREE CASE STUDIES

Brazil, South Africa, and China have invested heavily in planted forests. Currently, China is

the world’s leader in the establishment of planted forests, while Brazil ranks seventh. South

Africa’s contribution is much more modest, but the country is a player in the international

pulp and paper industry. I studied the potential effect that climate change could have on the timber

industry in each of these countries. In a warming world, they face very different futures. 

China

China’s forests have made a remarkable recovery in the last 30 years, largely because the govern-

ment established large areas of planted forest that have increased from 28 million hectares in 1986

to 48 million hectares in 2001. Total forested land area in China has increased from 107.2 million

hectares to 158.5 million hectares between 1986 and 2005 and plans to continue expanding its for-

est area. 

China faces only modest challenges to its wood industry from climate change. The main threat

appears to be infestations, which have plagued some of the noncommercial poplar forests in the

country’s interior. China is responding to this threat with pest-resistant genetically engineered poplar

trees. If pests begin to attack timber trees, the country could face significant adaptation costs. Over-

all, however, the outlook for China is positive, particularly because of the country’s active policies

to establish, manage, and protect its forests. 

Brazil

Forest plantations comprise only 1 percent of Brazil’s land area, yet they are the core of the coun-

try’s forest industry. Approximately 50 percent of the total industrial wood now produced by Brazil

comes from the 6 million hectares of planted forests and the country plans to plant an additional

500,000 hectares of land annually. The focus is on fast-growing industrially important species that

will expand the country’s market share by 0.8 percent per year over the next 50 years. 

The plantation areas of southern and southeastern Brazil are likely to warm, which would open

up new frost-free territory for commercial production of eucalyptus. Pine, another major industrial

species, can continue to thrive, although it may be necessary to replace loblolly pine with the more

tolerant slash pine or tropical pines if temperatures rise substantially. Pine and eucalyptus are re-

silient and easily relocated, if necessary. Some forested land may convert to grassland as a result of

decreasing rainfall, in which case it would become too costly to try to maintain a forest industry in

those areas. Overall, however, climate change should generate more benefits than damages for

Brazil’s wood-producing industry, at minimal cost. 

South Africa

Most of South Africa is arid or semi-arid, with forest plantations concentrated in a swath of relatively

moist, frost-free upland. Even today, there are occasional droughts. Compared to other timber-pro-

ducing countries, South Africa’s investment has been small and erratic. In recent years, South Africa

has planted an average of 11,000 hectares per year. It had been difficult for the country to locate

suitable land in politically stable areas. 

Climate change could spell the end of South Africa’s timber industry. If the winters become drier,

forests may yield to grassland. Irrigation is not economically feasible, and the other regions of the

country are already too dry for forests. A small amount of grassland may become wet enough to

support forests. Otherwise, the country would need to consider how best to salvage the timber it

has before converting the land to grazing or other uses. 




