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In This Issue

Edward Barbier is the John S. Bugas Professor of Economics at 
the University of Wyoming. He has more than 25 years of experi-
ence as an environmental and resource economist, working on 
natural resource and development issues. His recent books are 
Scarcity and Frontiers: How Economies Have Developed through 
Natural Resource Exploitation and Capitalizing on Nature: Ecosys-
tems as Natural Assets.

RFF Senior Fellow Allen Blackman focuses principally on indus-
trial pollution control and tropical deforestation in Latin America 
and Asia. Much of his research evaluates environmental manage-
ment strategies that aim to overcome barriers to conventional 
regulation in developing countries. He coordinates RFF’s partici-
pation in the Environment for Development (EfD) initiative and is 
a research fellow at the EfD Center for Central America. 

Maureen Cropper, a professor of economics at the University 
of Maryland and a former lead economist at the World Bank, 
returned to RFF in 2008 as a senior fellow, a position she held 
from 1990 to 1993. She is currently studying the externalities 
associated with pandemic flu control, the impact of reforms 
in the electric power sector in India, and the demand for fuel 
economy in the Indian car market. 

Róger Madrigal-Ballestero is a research fellow at the Environ-
ment for Development Center for Central America and academic 
coordinator of the master’s program in environmental economics 
at the Tropical Agricultural Research and Higher Education Center 
in Cartago, Costa Rica. His fields of specialization are community-
based management of common-pool resources and institutional 
analysis of water policies. 

Kabir Malik is a Ph.D. candidate in agricultural and resource 
economics at the University of Maryland, College Park. His inter-
ests lie in environmental and development topics. His research 
focuses on issues in environmental economics, energy econom-
ics, and the political economy of development and environmental 
policy in India.

Barbier

Blackman

Cropper

Madrigal- 
Ballestero
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David Popp is an associate professor of public administration at 
the Center for Policy Research at the Maxwell School at Syracuse 
University, and a research associate at the National Bureau of 
Economic Research. His research interests are in the areas of 
environmental economics and the economics of technological 
change.

Drew Shindell is a senior scientist at the NASA Goddard Institute 
for Space Studies in New York City. His research concerns natural 
and human drivers of climate change, linkages between air qual-
ity and climate change, and the interface between climate change 
science and policy. He chaired the 2011 Integrated Assessment of 
Black Carbon and Tropospheric Ozone, and he is a coordinating 
lead author on the forthcoming Fifth Assessment Report of the 
intergovernmental Panel on Climate Change.

Juha Siikamäki is an associate research director and fellow at 
RFF. His research focuses on evaluating the benefits, costs, and 
cost-effectiveness of different environmental policy options. His 
work concentrates on natural ecosystems, such as forests, agri-
cultural landscapes, and coastal ecosystems, and empiric evalua-
tion of different options for their management and conservation.

RFF University Fellow Thomas Sterner is a professor of environ-
mental economics at the University of Gothenburg and a research 
fellow of the Environment for Development initiative. His main 
research interests lie in the design of policy instruments. He has 
written books and articles on different applications, including 
energy and climate; natural resource management, such as fisher-
ies; and issues relating to industrial and transport pollution. 

Jintao Xu is a professor of natural resource economics at Peking 
University. Currently he is taking a year of academic leave to 
work at DECAR, the World Bank, and as a Gilbert White Fellow at 
RFF. His recent research focuses on assessment of forest tenure 
reform in China. He served as chair of the Department of Environ-
mental Management and head of the Environmental Economics 
Program at Peking University.

Siikamäki

Popp

Shindell

Sterner

Xu
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China’s forest sector is playing out. These 
issues reflect RFF’s deep commitment to 
the global aspect of our mission. At RFF, 
we have always looked beyond national 
borders—the problems we confront tend to 
not recognize those boundaries.

I thank RFF Senior Fellow Allen Black-
man for serving as the guest editor of this 
special issue. Allen not only coordinates 
RFF’s participation in the EfD initiative but 
he also is a research fellow at the EfD Center 
for Central America. He is one of the many 
experts at RFF focused on how climate, 
electricity, energy, water, and development 
policies are crafted and implemented in 
other parts of the world, from Europe to 
Africa and from China to Latin America. 

This issue coincides with the Rio+20 
meeting in Brazil, where the relationship 
between economic growth, natural resourc-
es, and environmental quality will take 
center stage. The global challenges have, 
if anything, become more daunting in the 
20 years since the first conference.  Meet-
ing them will require concerted action, 
but action must be supported by rigorous 
analysis and clear understanding. Sixty years 
after its inception, providing those ingredi-
ents remains RFF’s vital contribution.

 

Thinking Globally about 
Growth and the Environment

W
e
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e

Phil sharp, President 
sharp@rff.org

Celebrating Resources 
for the Future’s 60th 
anniversary gives us an 
opportunity not just 
to look back at past 
successes but also to 
look forward with a 
renewed focus. Our 
theme for the year— 

“60 Years of Investing in Ideas”—reflects 
this notion. It is true to our history and a 
reminder that we must continue to replen-
ish our intellectual capital. 

Looking forward to the next 20, 40, and 
60 years, the connections among nations, 
communities, and their ideas and decisions 
become clearer. We know that choices in 
the developed world have impacts that 
spill well beyond its borders. Developing 
countries often feel the impact of those 
decisions tenfold because they lack the 
infrastructure, human capital, financing, or 
other mechanisms for effectively managing 
the consequences. And especially within 
developing countries, the imperative for 
growth puts significant pressure on environ-
mental and natural resources. In this special 
issue of Resources, experts from RFF and our 
colleagues at Environment for Development 
(EfD) explore some of the most pressing 
challenges facing those countries.

They examine best practices for providing 
sustainable access to safe drinking water 
in rural villages. They explore how power 
generation from coal plants is affecting 
the health of India’s citizens, and whether 
eco-certification actually provides measur-
able environmental benefits. They shed 
light on how a massive reorganization of 
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Twenty years ago, in Rio de Janeiro, the first 
United Nations Conference on Sustainable 
Development put environmental manage-
ment in developing countries on the map 
and helped spur considerable progress. 
Nevertheless, the environmental problems 
confronting delegates to this year’s Rio+20 
conference are at least as daunting. 

Dirty air and water in developing coun-
tries kill and sicken millions each year. 
Degraded forest, freshwater, and coastal 
ecosystems undercut livelihoods and 
threaten biodiversity. And fossil fuel use, 
deforestation, and other activities gener-
ate about half of global greenhouse gas 
emissions. At the same time, environmental 
regulatory institutions are still relatively 
weak, and poverty and other social prob-
lems continue to place enormous demands 
on scarce financial, political, and regulatory 
resources.

RFF has a long history of engagement in 
developing countries as part of its mission 
to improve environmental and natural 
resource policymaking worldwide. As early 
as the 1970s, RFF posted researchers to 
satellite offices in Mexico and Chile and 
translated RFF books into Spanish. In the 
1980s and 1990s, a group of RFF researchers 
began to specialize in developing-country 
environmental problems and policies. And 
for the past five years, RFF has helped the 
University of Gothenburg in Sweden lead 
the Environment for Development (EfD) 
initiative, a consortium of six environmental 
policy research institutes (in Africa, Asia, and 
Latin America) that aims to support poverty 
alleviation and environmental management 
through the increased use of environmental 
economics in the policymaking process.

This issue of Resources showcases 
research and policy commentary on press-
ing environmental and natural resource 
issues in developing countries by leading 
researchers at RFF, its EfD sister-centers, 
and other notable affiliates. Articles by 
Róger Madrigal-Ballestero on drinking water 
systems in Costa Rica and by Jintao Xu and 
Juha Siikamäki on forest tenure reform in 
China both show how natural resource 
management can be enhanced by devolv-
ing control to local communities that have 
the strong incentives to manage them 
sustainably. My article on eco-certification 
of Costa Rican and Colombian coffee 
presents some of the first hard evidence 
that this market-based approach, which 
circumvents weak regulation, can actually 
help improve environmental management. 
The articles by Drew Shindell on develop-
ing-country soot and methane emissions 
and by Maureen Cropper and Kabir Malik on 
electricity generation in India make compel-
ling cases for controlling air pollution to 
protect human health and enhance food 
security. More broadly, Ed Barbier discusses 
a number of innovative international 
mechanisms for financing environmental 
management in developing countries.  

While sobering, the overall message is far 
from discouraging—all of the articles high-
light promising approaches to overcoming 
the environmental and social challenges 
developing countries face.

Allen Blackman,  
Rff senior fellow and Guest editor

blackman@rff.org
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Are Fuel Taxes Regressive?
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One of the main arguments against raising 
fuel taxes is the popular belief that they 
disproportionately hurt poor people. In this 
context, fuel taxes are considered “regres-
sive” because the burden of the tax as a 
share of income falls heavier on the poor. 
But RFF University Fellow Thomas Sterner 
and colleagues find that in years falling 
between 2002 and 2007, this conventional 
wisdom held mainly for the United States. 
Using a measure of regressivity known as 
the Suits Index—where -1 indicates a tax 
that the poorest person fully pays and +1 
a tax the richest pays—they show that for 
many developing countries a fuel tax is 
strongly progressive, while for other devel-
oped countries it is neutral or only modestly 
regressive. In countries where the very 
poorest households cannot afford to own a 
car at all, fuels have more of a “luxury” char-
acter, and hence fuel taxes are progressive. 

Source: World Bank Indicators and Thomas Sterner, ed., 
Fuel Taxes and the Poor: The Distributional Effects of 
Gasoline Taxes and Their Implications for Climate Policy 
(RFF Press, 2011), http://www.routledge.com/books/
details/9781617260926/.
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Convening ThoughT Leaders
Carbon in Megacities 
January 13
At a special breakfast for RFF donors in 
New York, Vice President for Research Molly 
Macauley presented the early findings 
from a pilot project to monitor the carbon 
footprints of Los Angeles and Paris with a 
variety of remote-sensing technologies. 

Energy and Transportation Policy 
February 23
Senior Fellow and Director of the Center for 
Energy Economics and Policy Alan Krupnick 
presented recent research on shale gas and 
transportation infrastructure at a special 
event hosted by the Shell Oil Company.

Biomass Emissions
March 1
Roger Sedjo, senior fellow and director of 
the Center for Forest Economics and Policy, 
presented his research findings at an RFF 

seminar, “How Carbon Neutral Is Bioen-
ergy?” www.rff.org/bioenergy

 
Pricing Carbon and Balancing the 
Budget
March 28
RFF President Phil Sharp and Senior Fellow 
and Director of the Center for Climate and 
Electricity Policy Ray Kopp co-hosted a 
special event in conjunction with Environ-
mental Entrepreneurs (E2) and the Natural 
Resources Defense Council to examine the 
economic and policy considerations of a 
carbon tax. 

Green Infrastructure 
April 4 
Visiting Scholar and Co-Director of RFF’s 
Center for the Management of Ecologi-
cal Wealth (CMEW) Lynn Scarlett, Resident 
Scholar Len Shabman, and Thomas J. 
Klutznick Senior Fellow and Research Direc-
tor Margaret Walls discussed the benefits 

Highlights of RFF’s Recent 
Contributions to Shaping  
Environmental Policy  

Invasive Species 
March 7
At the March First Wednesday Semi-
nar, RFF Fellow Rebecca Epanchin-
Niell and Chauncey Starr Senior 
Fellow Roger Cooke participated in a 
panel discussion on the effects and 
management challenges of invasive 
species. www.rff.org/invasivespecies
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of using “green infrastructure” to reduce 
flood damages at the April First Wednesday 
Seminar, sponsored by CMEW.  
www.rff.org/greeninfrastructure

BuiLding ParTnershiPs
Efficient Water Policies 
January 12
Fellow Sheila Olmstead spoke about the 
pricing, markets, and regulation of efficient 
water policies at a Hudson Institute Confer-
ence on the connections among energy, 
water, and debt. 

Green Transportation
January 24 
Alan Krupnick, senior fellow and director of 
the Center for Energy Economics and Policy, 
discussed how changing public attitudes are 
accelerating the demand for more environ-
mentally sustainable automobiles at a panel 
on “The Role of the Auto Industry in the 
Green Economy” hosted by National Journal.

Water Conservation and Fire  
Suppression
February 2–3
Fellow Sheila Olmstead presented at the 
University of Virginia Frank Batten School 
of Leadership and Public Policy on water 
conservation policy as well as fire suppres-
sion and land use. 

Natural Gas in Developing Countries
February 24 
Fellow Lucija Muehlenbachs participated 
in the World Bank’s Sustainable Develop-
ment Network Forum 2012, joining a panel 
discussion on the potential benefits of 
liquefied natural gas and unconventional 
gas supplies in developing countries. 

Green Economic Growth 
February 29 
Senior Fellow Richard Morgenstern and 

Lynn Scarlett, a visiting scholar and 
co-director of the Center for the Manage-
ment of Ecological Wealth, gave keynote 
speeches on green economic growth at the 
50th Annual Winter Institute at St. Cloud 
State University in Minnesota. 

CERAWeek 2012
March 7
RFF President Phil Sharp spoke about U.S. 
climate policy, clean energy, and the future 
of nuclear energy at Cambridge Energy 
Research Associates’ 31st Annual Executive 
Conference in Houston. 

Policy Analysis of Land and Housing 
Markets
March 13
Senior Fellow Virginia McConnell and RFF 
Research Director and Thomas J. Klutznick 
Senior Fellow Margaret Walls presented 
an economic model of housing and land 
markets used to evaluate alternative 
land-use and anti-sprawl policies at Johns 
Hopkins University. 

Biomass in Congress
April 12–13
Senior Fellow and Director of the Center for 
Forest Economics and Policy Roger Sedjo 
presented his findings on the carbon emis-
sions of biomass at briefings to the House 
and Senate Biomass Caucuses, sponsored 
by the Society of American Foresters. 

Environmental Services from  
Agriculture
April 17–18
This conference, organized by the U.S. 
Department of Agriculture’s Economic 
Research Service, in collaboration with the 
Farm Foundation and RFF, examined ways 
to improve payments for environmental 
services to farmers, ranchers, and other 
rural landowners. www.rff.org/PES
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The Role of Green Technology 
Transfer in Climate Policy 

Economic growth in developing countries 
brings the promise of a better life to much 
of the world’s population. It also brings 
pollution, particularly carbon dioxide and 
other greenhouse gas emissions. The need 
to reduce these emissions comes just as the 
share of global emissions from developing 
countries is rapidly growing. Much of this 
increase can be attributed to economic and 
population growth in China and India. In 
1990, these two countries accounted for 13 
percent of world carbon dioxide emissions; 
by 2030, that figure is projected to rise to 31 
percent.

Reducing greenhouse gas emissions will 
require new technologies, such as cleaner 
energy sources, including wind and solar, 
and energy-efficient technologies, such as 
hybrid vehicles and high-efficiency light-
ing. As concern mounts over developing-
country emissions, policymakers now face 
an important question as they negotiate 
climate stabilization protocols: how to 
encourage the development, diffusion, 
and deployment of alternative energy and 
energy-efficiency innovations in the devel-
oping world. 

Technology Transfer
As countries become increasingly 
concerned about the threat of climate 
change, national climate policies and 
international efforts to combat climate 
change have begun to provide incentives 
for climate-friendly innovation in devel-
oped countries. As a result, patent activity 
for renewable energy technologies has 
increased dramatically in recent years. 
Similarly, the prospect of increased energy 

prices under carbon taxation or emissions-
trading schemes spurs innovation in both 
energy efficiency and alternative-energy 
sources.

Now that these technologies are available 
for adoption, the challenge becomes one of 
technology transfer to developing countries. 
Technology transfer may be “embodied,” 
as when high-tech equipment is physically 
transported to another country through 
international trade, or “disembodied,” 
involving the flow of know-how or experi-
ence via demonstration projects or training 
of local staff. 

Implications for Climate Policy
Technology and policy play a dual role. 
Stronger environmental policies stimulate 
new green technologies. At the same time, 
better technologies make it easier to regu-
late. The usual pattern of environmental 
improvement is that developed countries 
enact regulations first, and the resulting 
technological innovations make it easier for 
developing countries to adopt regulations at 
a later date. 

Although we would expect a similar 
pattern for climate policy, reductions of 
greenhouse gas emissions are a global 
public good: they benefit everyone, not 
just the local citizenry. As a result, it is less 
likely that developing countries will move as 
quickly to regulate carbon dioxide emissions 
as they have sulfur dioxide, nitrogen oxides, 
and lead. As is evident from recent climate 
negotiations, developing countries seeking 
continued economic growth appear unlikely 
to enact policies requiring binding emis-
sions reductions at this time.
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The Clean Development Mechanism 
In this case, policies that encourage tech-
nology transfer across borders, such as 
the Clean Development Mechanism (CDM) 
established in the Kyoto Protocol, can 
encourage emissions reductions in develop-
ing countries. The CDM allows developed 
countries to meet their own emissions 
reduction limits by sponsoring projects in 
developing countries. 

If CDM projects merely take advantage 
of low-cost emissions reduction oppor-
tunities in developing countries, it will be 
more expensive for these countries to later 
choose to reduce emissions on their own. 
But technology transfer with knowledge 
spillovers from CDM projects enhances 
the ability of recipient countries to do 
so, lowering the future costs of adopting 
climate policy.

Knowledge spillovers occur when a new 
technology is introduced and some of the 
information embodied in it becomes public, 
inspiring further innovations from which the 
inventor does not benefit. Encouraging CDM 
projects with knowledge spillovers will be 
challenging. Because the market does not 
fully compensate firms for these spillovers, 
firms will provide less-than-optimal levels of 
climate-friendly research and development, 
even if policies to correct the environmental 
externalities of emissions, like carbon taxes, 
are in place.

To correct this market failure, subsidies 
to CDM investors could compensate firms 
for the positive social benefits of knowledge 
spillovers. Funding for such subsidies would 

most likely come from developed countries. 
Although developed countries may balk at 
such aid, providing assistance to increase 
the prevalence of knowledge spillovers from 
CDM projects improves not only the devel-
opment prospects of recipient countries 
but also the likelihood that these recipient 
countries will agree to binding emissions 
reductions at a later date. 

CDM also increases the profitability of 
investing in projects with some private gain, 
such as improvements in energy effi-
ciency. However, it is important to consider 
whether such transfers truly meet the stan-
dards of additionality intended by the Kyoto 
Protocol. “Additionality” refers to emissions 
reductions achieved in addition to those 
that otherwise would occur without an 
intervention to reduce emissions. Even if 
these technologies are not currently being 

used in a recipient country, technologies 
providing private cost savings will spread 
to developing countries without the aid of 
policy prescriptions such as the CDM. If the 
CDM merely hastens this diffusion, it serves 
to speed up the timing of emissions reduc-
tions but provides little long-term benefit. 

Intellectual Property Protections
Another frequently discussed option for 
increasing the spread of clean technologies 
is relaxing intellectual property protections. 
Intellectual property rights, such as patents, 
reward inventors for the fixed costs of 
innovation. Patents provide inventors with 
a temporary monopoly, lasting 20 years 
from the initial application date, in return 

Providing subsidies to increase the prevalence of 
knowledge spillovers from CDM projects improves 
the likelihood that recipient countries will agree to 
binding emissions reductions at a later date.
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for disclosing information on the innovation 
in the patent document, which becomes 
part of the public record. By granting this 
monopoly, which enables patent holders 
to charge higher prices, intellectual prop-
erty rights help mitigate potential losses 
from knowledge spillovers and encourage 
innovation. 

Technology transfer may be slower when 
intellectual property rights are in place, 
but it’s not safe to assume that the level 
of innovation would be the same if such 
protection were not available. Although 
little work has been done on the effect of 
intellectual property rights on technology 

transfer of clean energy technologies, the 
few studies that exist suggest that the high 
costs of renewable energy technologies 
are due more to their immaturity than the 
existence of intellectual property rights. 
Focusing efforts on policies that increase 
demand for clean technologies is likely to 
be more effective than relaxing intellectual 
property protection.   —David Popp

This article was originally published as part of RFF’s Policy 
Commentary Series. To learn more and read other commen-
taries by RFF experts and thought leaders examining natural 
resource, energy, transportation, and land policy debates, visit 
www.rff.org/policycommentary.

New at RFF: coMMoN ResouRces

Visit RFF’s new blog, Common Resources, where RFF experts provide up-to-date commentary 
on the latest research, analysis, and debates surrounding environmental and natural resource 

policy issues—in DC and around the world.

Join the discussion at www.common-resources.org.
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could be done to “plug in” our colleagues 
to various policy processes. I then realized 
that the highway that RFF, for example, has 
built from research to policy implemen-
tation was filled with potholes in many 
developing countries. My colleagues at the 
University of Gothenburg and I identified 
four distinct gaps that precluded the inclu-
sion of environmental economics analysis in 
policymaking. 

The first was a capacity gap: there just 
weren’t enough academically trained 
environmental economists at universi-
ties and government agencies to carry out 
such analysis. The second was the resulting 
analytical gap. The third gap was especially 
unnerving: even when there was analysis, 
it was not communicated in the relevant 
policy contexts—a communication gap. 
Finally, despite the existence of well-trained 
environmental economists, important prob-
lems to study, and resources from govern-
ments and donors, the three were seldom 
matched—an institutional gap. 

The EfD initiative, which we launched in 
2007, is designed to meet all four gaps by 
setting up environmental economics think 
tanks at academic institutions with gradu-
ate programs. Then, it links the researchers 
to international funding and collaborators 
while strengthening the interface with the 
policy processes. 

Connecting Environmental 
Economics and Policy in  
Developing Countries 

An Interview with Gunnar Köhlin

Co-founder of the 
University of Gothen-
burg’s Environmental 
Economics Unit and 
director of the Envi-
ronment for Develop-
ment (EfD) initiative, 
Gunnar Köhlin talks 
with Resources about 
how EfD improves 
policymaking in devel-

oping countries through the use of environ-
mental economics.

RESOuRCES: How did EfD begin, and what 
is its purpose?

GuNNAR KöHLIN: At the University of 
Gothenburg, we started a capacity-building 
program in environmental economics more 
than 20 years ago, supported by the Swed-
ish International Development Cooperation 
Agency. The expectation was that when 
researchers with Ph.D.s who specialized 
in environmental economics returned to 
their native countries, they would not only 
train the next generation of academics and 
civil servants but also contribute applied 
research and policy advice. After some time, 
we realized that our colleagues instead 
were lost to university administration and 
short-term consultancies.

I became intrigued by this problem and 
spent two years in Ethiopia to see what 
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RESOuRCES: What do you see as EfD’s 
main achievements over the past five 
years?

KöHLIN: The results have been amaz-
ing. Despite the fact that some of these 
academic environments initially were very 
weak, we now have six centers: in Ethiopia, 
Kenya, Tanzania, South Africa, China, and 
Costa Rica. In just five years, the centers 
have produced 120 articles in international 
peer-reviewed journals, 150 discussion 
papers, and 40 book chapters. At the same 
time, our research fellows have been busy 
teaching thousands of students, and many 
have been engaged in very important policy 
processes, such as the revision of the Tanza-
nian Poverty Reduction Strategy. 

RESOuRCES: EfD works in three conti-
nents. What is common, and what is 
unique in the different centers?

KöHLIN: The actual research questions 
are surprisingly similar because most of 
the countries are faced with similar sector 
policies to evaluate and natural resources to 
manage. We are now trying to capitalize on 
this fact by encouraging more collaborative 
work among the centers. 

It also has become evident how different 
the conditions are in the different centers. 
The same approach would never have 
worked for all centers. They all differ in 
size, staffing, host organization, and policy 
contacts. From this, we’ve learned that poli-
cy impact is not a direct function of number 
of publications. A good example is the EfD 
center in Tanzania, which has managed to 
position itself at the center of a number of 
policy processes, not through publications 
but through temporary appointments and 
government consultancies. 

RESOuRCES: Has your involvement with 
EfD changed how you think about devel-
opment economics and policy? 

KöHLIN: When we started, we talked a lot 
about “dissemination” of research results. 
Many of us saw it as a linear process, 
in which our economists identified the 
research question and we then expected 
policymakers to listen to our findings. 
That has completely changed. We now 
emphasize “policy interaction,” where the 
researchers spend much more time listen-
ing to policymakers than prescribing poli-
cies. This interaction lies at the heart of the 
research design. Often the results become 
truly useful for policy only after a couple 
of iterations, with a dialogue running over 
years or even decades. 

RESOuRCES: What would you like EfD to 
accomplish next?

KöHLIN: We have just developed a strategic 
plan for the coming five years. The chal-
lenge we have identified is to transform EfD 
from a donor-supported, capacity-building 
project to an independent, self-sustaining 
organization. Our vision is to create a “glob-
al environmental economics academy” that 
will attract the best environmental econo-
mists working in developing countries. Each 
research fellow would belong to a center 
but would not necessarily have to be physi-
cally employed there. These centers would 
be organized in an international consortium, 
much as they are today—but hopefully 
with the addition of more researchers and 
centers. If we get the organization right, 
we hope to channel much more funding to 
policy-relevant environmental economics 
research in developing countries than we 
see now.   
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In 1972, Stockholm hosted the first United 
Nations Conference on the Human Environ-
ment, which was attended by 113 delegates 
and just two heads of state—Prime Minis-
ters Olof Palme of Sweden and Indira Gandhi 
from India. The conference led to the estab-
lishment of the United Nations Environment 
Programme. For many attendees, it also 
marked an environmental awakening, an 
issue previously rarely discussed in major 
international forums. At the conference, 
Gandhi asserted, “Poverty is the worst form 
of pollution,” combining the idea of poverty 
alleviation with concern for the environ-
ment—which has since become a core 
thread defining the notion of sustainability.

The term “sustainable development” was 
popularized at the Earth Summit in Rio de 
Janeiro, which was a 20-year follow-up to 
the Stockholm conference. Since that time, 
the world economy has undergone an 
enormous transformation, with hundreds 
of millions of people, particularly in Asia, 
moving up out of the ranks of the most 
destitute. It would be a tragedy if environ-
mental and resource restrictions stifled 
this process. Yet some environmental 
problems—notably climate change—could 
be costly enough to halt economic prog-
ress unless they are managed wisely. As 
we approach the latest United Nations 
Conference on Sustainable Develop-

climate change &  
Developing countries
considerations for Rio+20

Can an international solution to climate change  
respect the economic aspirations of developing  

countries? Thomas Sterner argues that it must.
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ment, “Rio+20,” a grave question is how to 
support the economic aspirations of the 
poor while addressing climate change.

The human race is now well into the 
“Anthropocene,” the term that economist 
Paul Crutzen and ecologist Eugene Stoermer 
have suggested for the period in which the 
world’s destiny is marked first and foremost 
by human activities. Global policymaking 
must be wise and efficient, recognizing 
what Johan Rockström and colleagues have 
termed “planetary boundaries”—or thresh-
olds that cannot be crossed without threat-
ening vital life support processes—and 
focusing on what is fair and feasible. These 
basic principles apply at all levels—from 
the design of grand climate treaties to the 
everyday management of national environ-
mental issues or local commons. 

Damage Assessment
In the last two decades, as climate change 
has come under increasing scrutiny, a 
number of subjects, including discount-
ing, have been at the fore. Attracting less 
attention is the actual economic damage 
associated with temperature rise. 

Damage assessment is a difficult subject 
because we have no counterfactual, and 
even if we did, it is hard to fully account for 
(or even imagine) the possibilities that may 
open up in the future because of adaptation 
to climate change and technological prog-
ress. We also have difficulty fathoming new 
future states of the world because adapting 
to climate change requires a long time hori-
zon. For example, consider the cost of losing 
human civilization in the Sahara thousands 
of years ago. No doubt the transition from 
earlier flourishing civilizations was terrible 
for some, but what are the costs (if any) of 
this today?

Most early attempts at assessing damages 
focused on so-called vulnerable sectors, 
particularly agriculture. Recently, however, a 

number of authors have opened up a whole 
new area of research by using the natural 
variations in temperature among differ-
ent years caused by the El Niño Southern 
Oscillation (ENSO), which produces extreme 
weather conditions in different parts of the 
world. For instance, research by Solomon 
Hsiang and colleagues shows that for rich 
countries, an additional degree of warming 
results in little effect, but for poor countries, 
the same change leads to very significant 
costs in the form of reduced economic 
growth and increased costs of military and 
other conflicts.

In 2009, Prime Minister Meles Zalawi of 
Ethiopia spoke on behalf of many Afri-
can nations when he demanded that the 
industrialized countries responsible for most 
of the historical emissions of global warm-
ing–related greenhouse gases—countries 
such as the United States and the United 
Kingdom—should compensate developing 
nations for the damage they’ve caused in 
recent decades to the Earth’s climate.

Fairness and Equity
Who pays for damages and other distribu-
tive justice questions remains pressing. ©
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fuel or hamper their perceived chances of 
development. As a result, building coali-
tions, even among the low-income coun-
tries, will be very difficult.

“Green Growth”—A New Framework 
for Rio+20?
In the lead-up to Rio+20, “green growth” 
has become something of a catchphrase, 
replacing “sustainable development” in the 
global debate, for better or worse. The only 
reasonable definition is economic growth 
that takes into account a proper valuation 
of the environment, pollution, and resource 
degradation, bringing it very close to that of 
“sustainable development.” When income 
or welfare is properly measured, growth 
automatically becomes desirable because 
all items that enhance welfare are then 
included, while negative items imply lower 
income and thus diminished growth.

As a generic concept, green growth is 
attractive and difficult to argue with. The 
same could be said, however, about sustain-
able development. To address climate 
change, we still need a global agreement 
and effective policies. To be successful, we 
need to wrestle with, rather than gloss over, 
the tough issues of fairness, equity, and 
respect for the environment.   
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Most developing countries are deeply 
concerned about climate change, but they 
also firmly believe that mitigation should 
start in the rich countries that bear the 
largest part of the responsibility for histori-
cal emissions. This position has led some 
to believe—erroneously—that developing 
countries are uninterested in the issues 
of global change. The views of develop-
ing countries on the distribution of burden 
should not be mistaken for their views on 
climate change. For instance, the sugges-
tion that all countries should reduce their 
emissions by similar percentages clearly 
favors the countries that have large emis-
sions today. Low-income countries typically 
prefer a model in which emissions allow-
ances are allocated on a per capita basis. 
If developing countries reject proposals 
for equal reductions in emissions, it does 
not necessarily mean they lack interest in 
addressing climate damages. 

Another challenge for developing coun-
tries is that those that will be most affected 
by climate change also tend to lack the 
scientific knowledge and skilled manpower 
to defend their interests in international 
negotiations. Promoting this kind of human 
capital within developing countries is a 
necessary piece of the puzzle for a fair inter-
national solution. 

The dramatic changes in the global econ-
omy combined with a more sophisticated 
understanding of the ways that climate 
change could play out means that the 
interests of different developing countries 
are more heterogeneous than ever. Some 
developing countries have rich oil and coal 
reserves, some are cold and hilly, and others 
are low-lying lands that risk inundation. The 
risks are different across the globe—some 
developing countries have much to lose 
from climate change, while others are more 
concerned over the costs of global agree-
ments that will limit their markets for fossil 
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Every 20 seconds, a child dies as a 
result of poor sanitation. That trans-
lates to about 1.5 million deaths a year 

and doesn’t include adults. Those children 
are the least fortunate of the 894 million 
people worldwide who don’t have access 
to adequate fresh water and the 2.5 billion 
people without basic sanitation services. 
Lack of clean water and sanitation after the 
2010 earthquake in Haiti, for example, led 
to a cholera epidemic that has now infected 
about half a million people.

in 1990, the United Nations made 
improved access to water and sanitation an 
international priority by including it in the 
Millennium Development Goals. The aim 
is to halve the number of people without 
basic water services by 2015. From a policy 
perspective, one of the major challenges 
is not just building wells, aqueducts, and 
drainage systems to serve rural communi-
ties. it’s creating the local institutions and 
policies and maintaining those systems and 
infrastructure over the long term—the criti-
cal keys to success.

Understanding the conditions under 
which communities could organize them-
selves to manage their drinking water 

systems is of paramount importance for 
water policies around the world. Along with 
colleagues at the Environment for Devel-
opment Center for Central America—and 
with the support of Nobel Laureate Elinor 
Ostrom at Indiana University—I studied 41 
rural Costa Rican villages to learn why some 
community-based drinking water organiza-
tions succeed in providing reliable piped 
water service, while others do not. 

Decentralizing Water Management
In many rural communities around the 
world, villagers contest the policy prescrip-
tion that all drinking water systems must 
be controlled by the central government or 
private actors.  In Central America, a decen-
tralized approach has developed, where 
approximately 25,000 community-based 
drinking water organizations are responsible 
for providing water in rural and peri-urban 
communities. But not all communities have 
the capacity to govern their local systems in 
a decentralized fashion. 

From the 1960s to the 1990s, the central 
government of Costa Rica, with support 
from large foreign loans, invested significant 
sums of money to subsidize the construc-

Managing Rural Water systems

KEyS TO SuCCESS
Why are some communities effective at providing 

safe drinking water, while others fail? RÓger  
Madrigal-Ballestero finds answers in Costa Rica.
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tion of drinking water systems managed by 
locally appointed water committees. Under 
these local bodies, some communities have 
enjoyed great success: water and sanitation 
systems meet residents’ needs, are being 
maintained and improved, and run smooth-
ly. Others are degrading over time through 
lack of maintenance, are consistently short 
on money, and provide water that isn’t 
clean or plentiful.

Determinants of Success
Our research results highlight that high 
performance of community-based drink-
ing water organizations stems from various 
factors, such as characteristics of the water 
infrastructure, local enforcement of a set of 
working rules, accountability of local water 
board members to their own communi-
ties, and the capacity of local leaders to 
generate appropriate incentives to involve 
the community in sustainable solutions for 
collective-action problems. 

The relevance of local accountability 
mechanisms suggests that in some settings, 
the most effective body to monitor and 
sanction (or reward) community-based 
drinking water organizations is the local 
community itself, not external actors, such 
as the central government. 

In addition, creating a sense of ownership 
is key. Communities must be motivated to 
self-organize and become involved in the 
design of institutions, construction of infra-
structure, and regular maintenance. This 
demand-driven approach leads to strong 
incentives for the community to pay the 
costs necessary to run the systems properly. 

Policy Lessons
Our findings have important implications 
for Costa Rica’s water sector and for similar, 
less-developed countries. The critical 
deficiencies in community-based drinking 
water organizations are that they may not 

have accountability mechanisms or training 
requirements for local committee members. 
Public policies that support this sector must 
target these shortcomings. 

The detection of these weaknesses needs 
to be systematic. Governments can achieve 
this by developing technically grounded 
benchmarking standards and public disclo-
sure mechanisms, and using them to assess 
the relative achievements of community-
based drinking water organizations over 
time. This approach will spur necessary 
improvements and increase the trust of 
consumers in their local providers. 

The demand-driven approach demon-
strates that community-based drinking 
water organizations can offer a service 
that satisfies the local people without 
financial support from the government. In 
some circumstances, instead of subsidizing 
infrastructure, which can create long-term 
financial dependency, the central govern-
ment might support local communities 
by providing information through public 
disclosure programs and periodic perfor-
mance assessments.

The experiences of these communities 
provide important guideposts as to how the 
United Nations, the World Bank, national 
governments, and NGOs can best deploy 
their resources to provide clean water and 
sanitation to the billions who today are 
living without them. These outside agencies 
can work with local communities to ensure 
that water systems are driven by local 
demand—but communities must organize 
themselves to create the institutions that 
will maintain the systems and enforce the 
governing rules long after the external 
actors are gone.   
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International and domestic efforts to curb 
climate change largely have focused 
on reducing the amount of carbon 

dioxide (CO2) in the atmosphere. While 
these actions remain important, we can do 
more. Black carbon (“soot”) and ozone, of 
which methane is a primary precursor, are 
the only two agents known to cause both 
global warming and degraded air quality. 
Black carbon is emitted during incomplete 
combustion of fossil fuels and biomass, 
and methane is a gas emitted from many 
sources, including landfills and coal mines. 
Both have major implications for human 
health and agriculture. 

When the dark particles of black carbon 
absorb sunlight, either in the air or when 
they accumulate on snow and ice and 
reduce their reflectivity, they increase 
radiative forcing (a pollutant’s effect on the 
balance of incoming and outgoing energy 
in the atmosphere, and the concept behind 
global warming), and thus cause warming. 
They can also be inhaled deeply into human 
lungs, where they cause cardiovascular 
disease and lung cancer. 

Methane has a more limited effect than 
black carbon on human health, but it can 
lead to premature death from the ozone 
it helps form. That ozone is also bad for 

Beyond Co2
the other Agents of influence
Drew Shindell identifies climate change mitigation 
measures that target soot and methane—and have 
a huge bonus: they also improve human health and 

food security.
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plants, so methane also reduces crop 
yields. It is a potent greenhouse gas as 
well, with much greater potential to cause 
global warming per ton emitted than CO2. 
But its short atmospheric lifetime—less 
than 10 years, versus centuries or longer 
for CO2—means that the climate responds 
quickly and dramatically to reductions. CO2 
emissions, in contrast, affect the climate 
for centuries, but plausible reductions will 
hardly affect global temperatures before 
2040.

Recently I worked with an international 
team of researchers, including experts 
from the Stockholm Environment Institute, 
the Joint Research Centre of the European 
Commission, the U.S. Environmental Protec-
tion Agency, and others, to demonstrate 
the advantages and cost-effectiveness 
of addressing climate change through 
action on black carbon and methane. Our 
study suggests that implementing the 
right combination of emissions reduction 
measures would have large benefits for the 
global and regional climate, as well as for 
human health and food security.

Analyzing Existing Pollution Control 
Policies 
We began by estimating the worldwide 
emissions reductions from approximately 
400 existing pollution control measures. 
We then selected the measures that best 
mitigated warming as well. For example, 
measures that reduce sulfur dioxide emis-
sions improve air quality but may increase 
warming, and were therefore excluded. 
We were left with the top 14 measures, 
which achieved nearly 90 percent of the 
maximum reduction in net global warming 
potential.

Of the 14 measures selected, 7 target 
methane emissions (from coal mining, 
oil and gas production, long-distance gas 
transmission, municipal waste and landfills, 

wastewater, livestock manure, and rice 
paddies). The other 7 controls target black 
carbon emissions from incomplete combus-
tion and include both technical measures 
(for diesel vehicles, biomass stoves, brick 
kilns, and coke ovens) and regulatory 
measures (for agricultural waste burning, 
high-emitting vehicles, and domestic cook-
ing and heating). 

Identifying Winning Combinations
The next step was to compare the effects 
of those high-impact pollution control 
measures with a reference case based on 
energy and fuel projections from the Inter-
national Energy Agency. Our team modeled 
various scenarios—methane control 
measures, methane plus black carbon 
control measures, CO2 control measures, 
and various combinations of measures—
that would change the pollutants’ atmo-
spheric concentrations and radiative forcing. 

A combination of measures to control 
black carbon, methane, and CO2 could 
keep global mean warming at less than 2ºC 
(relative to the preindustrial era) during the 
next 60 years—something that reducing the 
emissions of any one agent cannot achieve 
by itself. 

Worldwide, methane emissions reductions 
in the coal mining and oil and gas produc-
tion sectors would have the largest effects, 
with measures to target municipal waste 
coming in third. Sectors involving fossil 
fuel extraction and distribution—for which 
emissions control technology is readily avail-
able—would account for nearly two-thirds 
of the benefits. Regionally, the benefits of 
reducing emissions from coal mining in 
China would be largest, followed by oil and 
gas production in Africa, the Middle East, 
and Russia. Controls targeting coal mining in 
South Asia, gas transmission in Russia, and 
municipal waste in the United States and 
China would also yield large benefits.
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For black carbon, reductions in emis-
sions from diesel vehicles and traditional 
cookstoves would have the largest climate 
effects. Reducing emissions from brick kilns, 
coke ovens, and burning of agricultural 
waste would generate additional benefits.

Effects on Health and Agriculture
The human health benefits from black 
carbon measures are larger than those of 
methane measures because fine particu-
lates are so dangerous to human health. 
The estimate of avoided premature deaths 
due to outdoor air pollution is 0.7 million to 
4.7 million per year (Figure 1)—substantial 
compared with other causes of premature 
death projected for 2030, including tuber-
culosis (0.6 million deaths per year), traffic 
accidents (2.1 million), and tobacco use (8.3 
million). 

Indoor air quality is also a problem in 
many developing countries. For India and 
China, implementation of all black carbon 
measures would avert an additional 373,000 
premature deaths per year due to indoor air 
pollution. Other developing nations in Asia 
and Africa with large populations and high 

emissions of particulate matter also would 
see big reductions in premature deaths 
from measures to control black carbon.

For crop production, methane measures 
plus black carbon measures would boost 
yields the most, in terms of total tonnage, 
in China, India, and the United States; the 
Middle East would see high percentage 
increases in yields, as would Central and 
South Asia and Mexico (Figure 2). The larg-
est impacts on changes in total production 
would occur where the seasonal timing of 
crops coincides with high concentrations of 
ozone.

Effects on Climate
Our research suggests that although the 
effects on climate would be distributed over 
the Earth more evenly than the effects on 
health, some regions would receive greater 
benefits than others. Northern Asia, south-
ern Africa, and the Mediterranean would 
have the greatest reduction in potential 
warming with combined methane and black 
carbon reduction efforts. The measures to 
reduce black carbon emissions would be 
important for the Arctic and the Himalayas, 

Figure 1. Annually Avoided Premature deaths 
from Black Carbon Control Measures due to 
outdoor Air Pollution

Figure 2. Annual Crop Production Increase 
from Black Carbon and Methane Control 
Measures (Maize, Rice, Soy, and Wheat)

Source: Shindell et al. 2012.
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The Climate and Clean Air Coalition to Reduce Short-Lived 
Climate Pollutants
An international coalition involving Canada, Sweden, Mexico, Ghana, Bangladesh, the 

united States, and the united Nations Environment Programme has embarked on a 

program to mitigate global warming—but not by reducing CO2 emissions. The hope is 

to slow climate change through action on black carbon and methane. 

The new effort—the Climate and Clean Air Coalition to Reduce Short-Lived Climate 

Pollutants, announced by Secretary of State Hillary Rodham Clinton on February 16— 

will fund educational projects and share practices to reduce black carbon and methane 

emissions. When it comes to reducing carbon dioxide emissions, Clinton said, the 

world has not done enough. “So this coalition is intended to complement—not sup-

plant—the other actions we are, and must be, taking,” she said. “When we discover ef-

fective and affordable ways to reduce global warming—not just a little, but by a lot—it 

is a call to action.”

The Obama administration is committing $12 million in new funding to the new 

effort, on top of the $10 million in annual support to the existing Global Methane Ini-

tiative and Global Alliance for Clean Cookstoves. The coalition met for the first time 

in Stockholm in April, in conjunction with the 40th anniversary of the Stockholm 

Conference on Environment, and expanded to include four additional countries and 

the World Bank.

limiting snow and ice melting by substan-
tially reducing projected warming over 
the next three decades. The black carbon 
measures also could reduce drought risk in 
southern Europe and the Sahel belt across 
the north of the African continent, and 
would reduce disruption of traditional South 
Asian monsoon patterns. 

An Important Opportunity
Are these measures worth the costs of 
implementation? Our economic analy-
sis used the value of a statistical life (for 
health), world market prices (for crops), and 
the social cost of carbon and global mean 
temperature effects (for climate) to help 
answer this question. A very conservative 
benefit–cost analysis indicates that most of 
the measures considered in the study would 
produce benefits greater than the abate-

ment costs; for approximately two-thirds of 
the measures, the benefits would far exceed 
the costs.

The study’s results demonstrate that 
a few air quality measures can provide 
substantial warming mitigation—benefiting 
global and regional climates, and improving 
human health and agricultural yields. While 
these measures can have great climate 
benefits, the added benefits of protecting 
public health and food supplies—priorities 
in most countries—will hopefully be moti-
vating factors for implementation.   
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The June 2012 United Nations Conference 
on Sustainable Development marks the 
20th anniversary of the Rio Earth Summit, 
widely credited with launching sustainable 
development as a global policy agenda. 
Since its inception, this agenda has evolved 
into concerted actions and agreements 
to combat global warming, deforestation, 
biodiversity loss, environmental degrada-
tion, and poverty. The conference, Rio+20, 
continues this work by focusing on the 
themes of greening the world economy 
while at the same time eradicating poverty. 

But any lasting progress or initiatives 
launched at Rio+20 could falter over a 

familiar stumbling block: how will recom-
mendations for action be financed? Rather 
than focus on already-established priorities, 
Rio+20 should instead tackle the challenge 
of funding the transition to a sustainable 
world economy. Without urgent attention 
to this issue, global sustainable develop-
ment will remain an elusive goal, and the 
long legacy of the first Rio conference will 
be diminished.

New Financing Needed
Conventional sources of development 
assistance and environmental funding are 
failing to keep up with the rising global bill 

The Challenge 
for Rio+20:

FuNDING 
Edward Barbier argues that without new financing  

mechanisms, little progress can be made toward  
combating global warming, environmental degradation,  

and poverty at Rio+20.
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Global Funding Gaps
The costs of biodiversity protection, climate change mitigation and adaptation, and 

poverty eradication far outstrip what the world currently spends to achieve these goals. 

Current commitments to date (spanning multiple years) do not even match the funds 

necessary to address the issues for one year:

 » Global ecosystem and biodiversity protection requires $100 billion annually, but the 

Global Environmental Facility has dedicated just $57 billion total since its inception in 

1991. 

 » At the 2010 Cancun climate talks, the developed world pledged to create a Green 

Climate Fund of up to $100 billion a year by 2020 to assist developing countries in 

adjusting to global warming. yet international commitments to all climate funding cur-

rently total just under $10 billion.  

 » An additional Adaptation Fund requires $100 billion annually, but only $286 million 

has been committed to date.  

 » A 50 percent decline in global deforestation would require up to $28 billion per year 

in REDD+ funding, but only $120 million has been committed to date. 

 »  Official development assistance contributes $5.4 billion annually to all energy 

projects worldwide, totaling $65 billion from 1997 to 2005, but $30 billion is required each 

year just for new clean energy investments in developing countries.  

 » The cost of funding the united Nations Millennium Development Goal of reducing 

global poverty requires additional development assistance of $83 billion annually—but 

from 2001 to 2008, developing countries had received only $37 billion in extra aid for this 

purpose.

for fighting climate change, biodiversity loss, 
and poverty. As a result, funding gaps on 
the scale of hundreds of billions of dollars 
hamper progress on sustainable develop-
ment goals (see “Global Funding Gaps” 
above). Overcoming these gaps requires 
new sources of financing for environmental 
and development projects. Three options 
have been proposed: international funds, 
global markets for carbon and environmen-
tal services, and revenues from global trade 
and financial transactions.

International Funds
Existing funds for environmental and 
development projects have translated to 
limited success. Consider the case of the 
Global Environmental Facility (GEF), a major 
player since 1991. The GEF reports that it 
has elicited $10 billion from direct donor 
contributions—supplemented by more than 
$47 billion in co-financing from additional 
supplementary aid—for more than 2,900 
projects in 165 developing economies. 
Despite this success, the GEF is severely 
restricted in its capacity to fund new initia-
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tives. Since 1994, its total budget allocation 
has declined in real terms, while its range of 
environmental and climate projects contin-
ues to expand. 

A new initiative is the Adaptation Fund, 
which finances adaptation investments in 
developing countries that are parties to 
the Kyoto Protocol on climate change. The 
fund is financed with 2 percent of the Certi-
fied Emission Reduction (CER) credits issued 
for projects of the Clean Development 
Mechanism (CDM), among other sources. 
The CDM allows industrialized countries to 
invest in emissions reductions wherever it is 
cheapest globally, and often they purchase 
the CER credits earned by carbon-reducing 
investment projects in developing countries. 
Currently, the Adaptation Fund has raised 
just $286 million. Yet to adapt to climate 
change, developing countries will need $70 
billion to $100 billion a year in additional 
assistance from 2010 to 2050.

Global Environmental Markets
International payment for ecosystem servic-
es has emerged as a possible new source 
of financing for conservation of global 
ecosystems. In this type of scheme, the 
beneficiaries of ecosystem services, such as 
reduced runoff and cleaner water, raise and 
distribute funds to those who conserve the 
environments that provide these valuable 
services.

The only operating international 
payment system for ecosystem services 

is the nascent United Nations mechanism 
established in 2008 to reduce emissions 
from deforestation and forest degradation 
(REDD+). It now has $120 million in funds, 

a sum that falls far short of the amount 
needed to make much of an impact. Financ-
ing REDD+ through carbon markets could 
earn developing countries an additional 
$2.2 billion to $13.5 billion annually. Yet a 
50 percent decline in global deforestation 
through REDD+, for example, would reduce 
global greenhouse gas emissions by 3–6 
percent annually but cost $17.2 billion to 
$28 billion per year. Bilateral initiatives, such 
as the Amazon Fund ($57.5 million), the 
Congo Basin Forest Fund ($165 million), and 
Norway’s International Climate and Forest 
Initiative ($517 million), can only partially 
offset this financing shortfall. And the 
mechanism faces other obstacles: negotia-
tions to expand global funding of REDD+ 
have stalled over concerns about verifica-
tion of deforestation rates and carbon 
emissions, losses in timber and agricul-
tural revenues, and corruption, fraud, and 
misgovernance.

A global cap-and-trade system for green-
house emissions or a global carbon tax 
could also raise substantial funds. A carbon 
tax is more efficient and easier to admin-
ister globally. The tax could be equalized 
across different regions and industries, set 
low initially, and rising steadily over time 
to reflect increasing damages from global 
warming. Estimated revenues from such a 

Given the difficulties of setting up international 
funds or markets for carbon and ecosystem services, 
sustainable development initiatives should consider 
the alternative option of raising revenues from global 
trade and financial transactions. 
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scheme could range from $318 billion to 
$980 billion by 2015 (in 2005 prices) and 
$527 billion to $1,763 billion by 2030. But 
political realities, especially in the United 
States, have essentially ruled out the feasi-
bility of implementing a global carbon tax or 
cap-and-trade system.

Revenues from Global Trade  
and Finance
Given the practical limitations and politi-
cal difficulties of setting up international 
funds or markets for carbon and ecosystem 
services, sustainable development initia-
tives should consider the alternative option 
of raising revenues from global trade and 
financial transactions. 

International finance facilities mobi-
lize resources from international capital 
markets by issuing long-term bonds that 
are repaid by donor countries over 20 to 
30 years. Unlike other global financing 
mechanisms, a handful of donor countries 
can start an international finance facility 
without a large international agreement, 
and existing aid institutions, such as the 
World Bank, can implement it. The amounts 
raised through bonds, however, are 
mostly likely to be in the tens, rather than 
hundreds, of billions of dollars. As a result, 
an international finance facility is probably 
best suited for specific health or infrastruc-
ture investments, such as immunization, 
clean energy, and improved sanitation. One 
such program, the International Finance 
Facility for Immunization, has raised $3.6 
billion through bonds since it launched in 
2006, using these funds for immunization 

programs and vaccine purchases in a total 
of 70 developing countries.

Revenues also could come from sover-
eign wealth funds. Such funds are routinely 
created by countries, by setting aside for 
investment purposes a proportion of their 
foreign exchange reserves accumulated 

from buying and selling goods and services 
in world markets. Today, sovereign wealth 
funds hold $4.3 trillion in global foreign 
exchange reserves, including $3.5 trillion in 
developing countries. In its Least Developed 
Countries Report 2011, the United Nations 
Conference on Trade and Development 
proposes that developing economies invest 
1 percent of their funds in regional develop-
ment banks, which could in turn facilitate 
a wide range of sustainable development 
initiatives. And in a report to the G20, Bill 
Gates suggests that allocating 1 percent of 
sovereign wealth funds in G20 countries 
would raise at least $40 billion annually 
for global investments in the environment 
and development. But to be effective, such 
a mechanism would require international 
agreement on the transfer and disburse-
ment of the funds.

A third option is a tax collected on the 
sale of specific financial assets, such as 
stocks, bonds, or futures. A very small finan-
cial transaction tax would have a negligible 
impact on liquidity or overall financial trans-
actions but could raise substantial funds on 
a global scale. For example, Gates proposes 
that a small tax of 0.1 percent on equities 
and 0.02 percent on bonds could bring in 
about $48 billion from G20 member states. 

Allocating 1 percent of sovereign wealth funds in  
G20 countries would raise at least $40 billion  
annually for global investments in the  
environment and development.
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The European Union proposed that rich 
countries consider collectively adopting a 
financial transaction tax at the G20 summit 
in Cannes, France, in November 2011. 
Although favorably received by many G20 
countries, the proposal failed to receive full 
backing due to opposition from the United 
States, the United Kingdom, and Canada, 
who worried about its added burden 
to their banks. In January 2012, France 
announced the implementation of a new 0.1 
percent tax that would come into force in 
August, regardless of whether the European 
Union agrees to impose a similar tax. 

A variant on the financial transaction tax 
is a currency transaction tax, or Tobin tax, 
named after the economist James Tobin, 
who first proposed it in the 1970s. This tax 
is applied to foreign currency exchange 
transactions, which today total around $800 
trillion annually. Thus, a currency exchange 
transaction of only 0.05 percent could raise 
$400 billion in revenues for aid to poor 
economies, climate change mitigation, and 
ecosystem conservation. 

Taxes also could be imposed on the arms 
trade, tobacco products, airline travel, and 
aviation or shipping fuel to fund global envi-
ronmental and development initiatives. For 
example, a 10 percent tax on global arms 
exports could raise up to $5 billion annu-
ally. Additional tobacco sales taxes in G20 
and other European Union countries could 
generate $10.8 billion, global aviation fuel 
taxes an extra $27 billion, and shipping fuel 
taxes $37 billion, according to Gates. 

Any of these additional taxes would 
require an international agreement, which 
could be difficult to negotiate success-
fully. And taxes on particular products are 
difficult to implement politically and would 
create problems of smuggling, especially 
for tobacco products, small arms, and light 
weapons. Airline travel, transport fuel, 

and tobacco products already are taxed 
substantially by some governments. 

Too often, international talks on global 
environmental and development issues 
have focused on priorities for action, leav-
ing the difficult task of financing global 
initiatives to be resolved through subse-
quent negotiations. It is time for the world 
to stop delaying. If Rio+20 became the 
venue for negotiations on new financing 
mechanisms for environment and devel-
opment funding, it would signal that the 
international community is no longer just 
talking about finding solutions to pressing 
global issues—but is taking serious steps to 
overcome them.   
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are certified by organizations like the Rain-
forest Alliance, the International Federation 
of Organic Agriculture Movements, and the 
Forest Stewardship Council.

But does eco-certification really improve 
the environment in developing countries? 
My recent research, conducted in collabo-
ration with Environment for Development 
(EfD) partners, suggests that the short 
answer is, unfortunately, we do not yet 
know. Two new field studies we conducted 
on coffee farms in Costa Rica and Colombia 

Over the past two decades, nongovern-
mental organizations, private companies, 
and goverments have launched so many 
eco-certification initiatives targeting 
developing-country firms and farms that it 
is now possible to feed, clothe, and house 
a family solely with goods from these 
countries certified as sustainably produced. 
The trend is particularly prominent in high-
value agriculture. Today, 15 percent of the 
bananas, 10 percent of the timber, and 7 
percent of the coffee sold on world markets 

Truth in  

Advertising?

Allen Blackman documents the surprising lack 

of hard evidence that eco-certification benefits 

the environment and describes some of the 

first rigorous studies showing that it can.

eco-certification  
in Developing  
countries
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offer some of the first hard evidence that 
eco-certification can spur greener produc-
tion, but overall, we do not yet have nearly 
enough rigorous, credible evidence to 
understand whether and in what cases that 
generally holds true. 

Eco-certification’s Environmental 
Benefits
According to advocates, eco-certification 
spurs producers to adopt greener practices. 
They argue that the causal chain works like 
this: Eco-certification enables consumers 
who prefer green goods to identify and 
purchase them. Elevated demand for such 
goods generates price premiums and better 
market access for green producers, which, 
in turn, creates financial incentives for them 
to hew to sustainable production practices. 
More important, it encourages relatively 
dirty producers to adopt such practices so 
that they can become eco-certified.

If that argument holds, eco-certification 
could be an important tool for address-
ing environmental problems in developing 
countries. Growing and processing bananas, 
timber, coffee, cocoa, and other agricultural 
products in poor countries causes defor-
estation, soil erosion, and agrochemical 
pollution—all of which have grave effects 
on ecosystems and human health. These 
problems are extremely hard to tackle using 
conventional top-down government regula-
tion because producers are often small, 
numerous, and geographically dispersed. 
Meanwhile, regulatory institutions are 
undermanned and underfunded. Eco-
certification schemes have the potential 
to sidestep these constraints by creating a 
private-sector system of economic incen-
tives, monitoring, and enforcement. 

But not every eco-certification program 
will have these desirable effects. To do that, 
a program must set and enforce standards 
stringent enough to ensure exclusion of 

dirty producers. It also must offer price 
premiums high enough to offset the costs 
producers pay to meet certification stan-
dards and deal with the red tape involved in 
getting certified. Even if these two condi-
tions are met, program benefits still can be 
undermined by so-called selection effects. 
Producers already meeting certification 
standards have strong incentives to select 
into eco-certification: they do not need to 
invest in adopting sustainable practices to 
pass muster and can obtain price premi-
ums and other benefits. But programs that 
mainly attract already-green producers will 
not change producer behavior and will have 
limited environmental benefits. 

What Do We Know?
Given that millions of dollars go to promot-
ing eco-certification each year, we need 
to know whether and under what circum-
stances environmental benefits are real-
ized—and we need to know quickly. 
But arriving at credible answers requires 
rigorous empirical research that controls 
for a number of factors that make evaluat-
ing eco-certification programs challenging. 
These include the selection effects noted 
above and the fact that a wide variety of 
intertwined factors affect producers’ envi-
ronmental performance.

A multilateral nongovernmental orga-
nization devoted to protecting the global 
environment, the Global Environment 
Facility (GEF), is the world’s largest funder of 
environmental projects, including eco- 
certification initiatives in developing 
countries. In 2009, to help improve the 
effectiveness of its grantmaking, the GEF 
hired RFF to review and summarize the 
existing evidence on the environmental and 
socioeconomic benefits of eco-certification, 
focusing on five sectors where it is particu-
larly prominent: bananas, coffee, fish prod-
ucts, forest products, and tourism. Based on 
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joint work with Jorge Rivera, an EfD partner, 
our findings confirmed that few studies 
have tried to measure the producer-level 
environmental effects of eco-certification, 
and even fewer have overcome the associ-
ated methodological challenges. 

We found just 46 relevant studies, which 
focused on a small subset of certified 
commodities (coffee and timber) and certi-
fication programs (Fairtrade International 
and the Forest Stewardship Council). Only 
11 studies used methods likely to produce 
unbiased results—and of these, just 2 
focused on the environmental effects. 
Neither found a significant benefit. 

Organic Coffee in Costa Rica and 
Colombia
To help fill this knowledge gap, RFF and its 
EfD partners have undertaken two stud-
ies of organic coffee certification in Latin 
America. One study, a joint effort with Maria 
Angelica Naranjo of the EfD Center for 
Central America, focuses on coffee growers 
in Turrialba, Costa Rica, in the central part of 

the country. A second examines growers in 
Cauca, Colombia, in the southeastern part 
of the country. This project is in collabora-
tion with Marcela Ibañez, a professor in 
Germany.

Coffee growing in Costa Rica and Colom-
bia causes serious environmental damage. 
Traditionally, coffee in all of Latin America 
was grown alongside shade trees without 
agrochemicals. But since the 1970s, more 
than two-thirds of coffee acreage in both 
countries has been converted to a high-
yielding monocrop system in which coffee 
is grown with minimal shade cover and 
copious synthetic fertilizers, pesticides,  
and herbicides. 

This switch to so-called “technified” 
coffee has accelerated soil erosion—a big 
problem on coffee farms because they are 
mostly located on steep mountainsides—
and has contributed to biodiversity loss and 
the contamination and sedimentation of 
surface and groundwater. Also, processing 
of coffee, regardless of how it is grown, is a 
notorious source of water pollution. ©
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According to advocates, organic certifi-
cation can help reverse these problems. It 
requires coffee growers to adopt sustain-
able practices, including using organic 
materials and natural methods instead of 
agrochemicals to maintain soil quality and 
control disease, pests, and weeds; using 
soil conservation practices, such as contour 
planting, terracing, and planting shade trees; 
avoiding fossil fuels; and minimizing pollu-
tion during processing. 

Several large international organic certify-
ing bodies, such as International Federation 
of Organic Agriculture Movements, formu-
late basic organic standards for coffee and 
various other commodities. These large 
organizations accredit smaller national ones 
that, in turn, certify growers and monitor 
them at least once a year to ensure they 
meet organic standards. 

For growers, organic certification has 
benefits and costs. It usually provides a 
price premium of 10 to 20 percent, depend-
ing on coffee quality, and it may improve 
access to markets, inputs, and techni-
cal assistance. But certification typically 
requires more labor and produces lower 
yields for growers who formerly depended 
on chemical inputs. In addition, cutting 
through the red tape associated with certi-
fication and monitoring can easily cost 5 
percent of sales. 

Did Organic Certification Change 
Behavior?
The aim of our research in Costa Rica and 
Colombia was to determine whether organic 
certification causes relatively dirty growers 
to switch to more environmentally friendly 
practices or mainly attracts already-green 
producers. If the latter, certification has only 
limited effects on producer behavior. 

At face value, the risk of self-selection 
in our study areas was substantial. In both 
areas, the proportion of growers meet-

ing most organic standards before organic 
certification was introduced was signifi-
cant—well over half in Cauca. In most cases, 
these already-green growers were small 
traditional producers lacking the where-
withal to technify their farms. 

To control for self-selection effects, we 
used a strategy called matching. For each 
organic certified grower in our sample, we 
used statistical techniques to identify an 
uncertified grower with very similar charac-
teristics that affect environmental perfor-
mance, including education, farm size, and 
coffee variety. We measured the benefits 
of organic certification by comparing the 
average environmental performance of the 
subsample of certified growers with that of 
the matched uncertified growers. 

Using this approach, we found that in 
both countries, organic certification did 
cause growers to abandon most of the dirty 
practices we considered and to adopt at 
least some of the green ones. In Costa Rica, 
we found that organic certification reduced 
use of all three of the dirty practices we 
considered (chemical fertilizers, pesticides, 
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and herbicides) and increased adoption of 
one of four green practices (organic fertiliz-
er). In Colombia, we found that certification 
reduced use of two of three dirty practices 
(chemical fertilizers and pesticides) and 
increased adoption of one of two green 
practices (organic fertilizer). 

Policy Implications
By our count, our studies in Costa Rica 
and Colombia have doubled the total 
number of evaluations of eco-certification 
benefits that use rigorous quantitative 
methods. These studies give some grounds 
for cautious optimism, at least for organic 
certification. But four rigorous studies are 
still far too few to draw general conclusions 
or distill policy prescriptions. 

That said, our results hint at two hypoth-
eses that merit further exploration: 

 » The effectiveness of organic certi-
fication may stem from its design char-
acteristics—specifically its reliance on 
well-defined, stringent standards enforced 
by independent third-party monitors. Many 
certification schemes lack these features. 

 » Initiatives with these characteristics 
evidently can boost environmental perfor-
mance even in areas like Cauca, Colombia, 
where self-selection of already-green 
producers threatens to dilute or even 
undermine environmental benefits. 

A cautionary note is that initiatives with 
such features almost certainly impose 
relatively high costs on certified produc-
ers. Absent substantial price premiums or 
other benefits, these costs will discourage 
participation. 

 
The Way Forward
Developing countries face both pressing 
environmental problems and big constraints 
on their ability to tackle them with conven-
tional top-down regulatory tools. Eco- 
certification advertises itself as a partial 
solution to this quandary. To gauge the 
validity of that advertising, we need much 
more hard evidence on eco-certification’s 
environmental impacts. This message has 
not been lost on governments, foundations, 
and international cooperation agencies, 
which are increasingly demanding rigor-
ous, objective impact evaluations. Nor has it 
been lost on consumers, who are turning to 
third parties to sort through the bewilder-
ing thicket of eco-certification’s criteria and 
claims. Hopefully, these trends will generate 
the research needed to measure the level 
of truth in eco-certification advertising and 
guide purchasing and policy.  
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Despite rapid economic growth and a 
substantial rate of poverty alleviation, 
daunting socioeconomic issues remain in 
modern China. The income gap between 
the country’s urban and rural populations is 
widening, and the associated social tension 
periodically occupies the spotlights of 
national and international media. Addressing 
this disparity is a major objective of China’s 
policymakers. The Chinese government 
has focused its approach on easing land 
conflicts, frequently the root cause of social 
unrest, by giving farmers stronger tenure 
rights—that is, more control to manage and 
use the land.

Current and past attempts at land tenure 
reform give farmers rights over commercial 

forests, seeking to boost domestic timber 
production and sustain China’s forests while 
correcting urban–rural economic dispari-
ties. These reforms represent a massive 
institutional change in how China manages 
its forest resources, moving away from a 
collective system to a dramatically more 
decentralized regime.

After a false start in the early 1980s, 
Chinese forest tenure reform began again 
in 2003, when the government of Fujian, 
the largest province of collective forests, 
initiated changes encouraging household 
tenure. These reforms progressed rapidly, 
and by 2006 practically all villages in the 
province were under household forest 
management. By the end of 2007, an 

FOREST TENuRE  

REFORM IN

CHINA 
China is increasingly putting forest management 

rights into the hands of its citizens. Jintao Xu and 

Juha Siikamäki describe the environmental and 

economic results.
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additional 13 provinces had announced 
new policies on collective forest tenure. By 
2010, the number of provinces with poli-
cies encouraging forest tenure reform had 
increased to 20.

These drastic changes could have major 
implications for the use and management of 
forests in China. Because forests grow and 
mature slowly, however, the full impacts 
may take a long time to play out.

Assessing the Impact of China’s 
Forest Tenure Reform
To take stock of the changes under way, the 
Peking University Environmental Econom-
ics Program has conducted two rounds of 
village- and household-level surveys in 8 

provinces, covering a total sample of 49 
counties, 141 townships, 288 villages, and 
3,100 households. The results of the first-
round survey, conducted in 2006–2007, 
are supported by a second-round survey 
(undertaken in summer 2011) of the same 
villages and households, which enabled our 
team to even better capture the dynamic 
changes induced by forest tenure reform.
The surveys collected data on farmer 
livelihoods, forest land markets, rural labor 
markets, rural credit systems, and farmer 
association activities. 

China is a large country with consider-
able geographic variation in both natural 
conditions and governance structures. The 
implementation of forest tenure reform also ©
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reflects this heterogeneity. We identified 
five broad categories: individual, collective, 
village cluster, partnership, and outsider 
contract (see “Types of Forest Tenure” 
below). We found substantial differences 
in outcomes based on the type of forest 
tenure. Two categories of management—
individual and partnership—provide most of 
the direct benefits to farmers. Village lead-
ers are the direct beneficiaries of the other 
main tenure categories.

Outcomes
Analysis of the survey data reveals that 
forest tenure reform already is causing 

changes in basic natural resource use and 
management decisions. The evidence indi-
cates that forest tenure reform has coin-
cided with changes in farmers’ attitudes, 
increased harvests, afforestation, and rising 
income from forestry activities.

Farmers’ Perceptions 
Associated with each tenure type is a 
bundle of rights—such as transferabil-
ity, inheritance, harvest, and production 
rights—specified in the land contracts. 
Inclusion of such concrete rights in the 
different tenure types is a significant 
improvement over the first, failed round 

Types of Forest Tenure
Individual forest tenure. Most of China’s commercial forests are under some form of in-

dividual household management. In the surveyed provinces, forests in this category ac-

counted for 65 percent of forest area in 2000. As a result of tenure reform, that share had 

risen to 70 percent by 2010. Some forests in this category are private plots with rights 

similar to private ownership and comparatively stable tenure rights. This category also 

includes plots managed by individual farmer households within the village. The farmer 

has either a special contract or a rental agreement. In the current round of reforms, a 

common element in individual contracts is the issuance of forest certificates and the 

allowance of long contract periods on the scale of 30 to 70 years. Different tenure types 

under this broad class are now converging toward the private-plot system.

Collective and village cluster forest tenure. These represent the main forms of communally 

managed forests. Collective forestland is managed directly by an administrative village 

council or under the framework of a collective farm supervised by a village council. 

Village cluster forests are managed by a cluster of families living in the same neighbor-

hood. Forestland managed by village clusters is similar to collectively managed forests, 

but at a smaller scale. The prevalence of these two structures has decreased from 30 

percent in 2000 to 20 percent in 2010.

Partnership forestland. Forests managed by a group of farmers formed on a voluntary 

basis constitute a relatively small but growing tenure category. In 2010, partnership for-

estland covered, on average, 6 percent of forest area, up from 2 percent in 2000.

Outsider management contract. These forests are contracted out for use and management 

by individuals and organizations residing outside the villages. They currently comprise 

about 4 percent of China’s forests.
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effectively reducing public access to collec-
tive forests. Collectively managed forests, 
therefore, may not benefit a large portion of 
the community members.

Timber Harvests 
While the statistical analyses are still under 
way, we can see that annual timber harvests 
in villages increased substantially during 
2000–2006, especially in the provinces of 

Fujian, Liaoning, and Yunnan. The second-
round survey data show remarkable 
increases in Fujian, Jiangxi, Anhui, Hunan, 
and Liaoning, whereas Zhejiang and Yunnan 
observed harvest decline. By and large, 
the increased harvest seemed to be highly 
correlated with individualization.

Afforestation
Another seemingly robust trend associ-
ated with individualization is increased 
afforestation by farmers. According to the 
survey results, afforestation in general 
rose during the period 2000–2006, and it 
increased most in provinces where individ-
ual management dominated. Afforestation 
also increased under other tenure types, 
indicating that other factors—most likely 
market growth—played a role in the recent 
afforestation boom. Regardless of the cause, 
the significant increase in afforestation is a 
good sign for the long-term sustainability of 
forest management in China.

Income
Generally, the share of household income 
from forestry activities has increased along 

of tenure reform and may give cause for 
optimism this time around.

Our research found that the percentage 
of farmers who believe they can transfer 
rights within and outside their village is 
surprisingly high and appears to be grow-
ing substantially over time. Farmers also 
feel more free to determine how the land is 
used. For individually managed forests, for 
example, in the first-round survey in 2006, 

35 percent of farmers perceived that they 
had the autonomous right to convert forest-
land into farmland. In the second-round 
survey in 2010, 53 percent thought they 
had such rights. Additionally, the majority 
of farmers under individual management 
tenure feel they have the right to choose 
the tree species planted, as well as manage 
non-timber forest products, such as mush-
rooms and herbs.

The opposite is true for farmers operating 
under village cluster management. Farm-
ers’ perceptions about the right to manage 
non-timber forest products under this type 
of tenure are particularly intriguing. These 
products are fundamentally important to 
households, and people used to assume 
that access to them was an inherent right 
of any community member. However, the 
survey indicated that people in collectively 
managed villages perceived their access to 
be more restricted, down from 89 percent 
in 2006 to 55 percent in 2010. The reason 
might be that it has become more legiti-
mate, or at least common, for collective 
leaders to pursue exclusive returns from 
land remaining under their supervision—

According to survey results, afforestation in general 
rose during the period 2000–2006, and it increased 
most in provinces where individual management 
dominated.
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with forest tenure reform. While we cannot 
attribute all growth to reform, we believe it 
played an important role. Future research 
will be devoted to better understanding 
tenure reform’s contribution to increases in 
farmers’ income. Committed efforts should 
also be made to investigate the impacts on 
equity of forest tenure reform.

Regulatory Challenges
By creating many small forest landowners 
in a relatively short period, forest tenure 
reform in China now poses regulatory chal-
lenges for forest authorities. For example, it 
will become increasingly difficult to imple-
ment a logging quota because farmers are 
receiving more revenue from harvesting. 
More generally, as forestland management 
has been decentralized, the cost of regula-
tion has increased.

Forest tenure reform will be a longer 
process than some expected. Many newly 
created or rising tenure types, such as 
partnerships and outsider contracts, are 

intermittent arrangements. When socioeco-
nomic factors change, relationships among 
partners change, and some of these part-
ners will undoubtedly separate. As contract 
periods expire, outsider contracts will have 
to be renegotiated and some forestland 
may be returned to the original communi-
ties. All these changes will require redistri-
bution of management rights. Other factors, 
such as widespread forestland conflicts, also 
can cause shifts in the tenure system.

China’s forest tenure reform coincides 
with a general trend of forestry decentral-
ization in a large number of developing 
countries facing rural unrest and conflict. 
Its uniqueness lies in its goal of establishing 
individual rather than community-based 
management systems, which are promoted 
in many other countries. In a sense, China’s 
reform is a step ahead of this mainstream 
movement and will provide lessons for 
countries searching for alternative models 
in the future.  
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has set ambitious goals to increase elec-
tricity generation capacity by either taking 
advantage of its domestic coal reserves 
or, failing that, importing large volumes of 
coal. But the increased use of cheap coal 
resources comes at a heavy cost. 

Air pollution produced by coal-fired 
power plants has been linked to premature 

India relies on coal to supply 70 percent 
of its electricity and is likely to continue 
this dependence for many years to come. 
Almost 300 million Indians are without 
access to electricity, and the existing supply 
falls 10 percent short of the demand during 
peak hours. Determined to maintain the 
recent high rates of economic growth, India 

the hiDDeN costs of PoWeR 
Health Effects of Coal  

Electricity Generation in India

Maureen Cropper and Kabir Malik show  
how washing coal and controlling sulfur dioxide  

pollution from Indian power plants can save  
hundreds of lives each year. 
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deaths from lung cancer, respiratory illness, 
and heart disease. Studies have found 
air pollution to increase the incidence of 
diseases such as chronic bronchitis and 
asthma, as well as heart attacks and strokes. 
These health effects result primarily from 
emissions of particulate matter, sulfur 
dioxide (SO2), and nitrogen oxides (NOx), 
which can be reduced by installing pollution 
control equipment and washing coal prior 
to combustion. The important questions 
facing India are how stringently pollution 
from power plants should be regulated, and 
what form these regulations should take. 

In a recent study we conducted in 
collaboration with Shama Gamkhar and Ian 
Partridge of the University of Texas, Austin, 
and Alex Limonov of RFF, we estimated the 
number of premature deaths associated 

with emissions of the three pollutants from 
individual coal-fired power plants in India 
in 2008. We then estimated the number of 
lives saved by installing pollution control 
equipment or washing coal at two particu-
lar power plants. Our results suggest that 
when a power plant adopts one of these 
measures, it can save hundreds of lives at 
a lower cost per life saved than previously 
estimated. 

Coal-Fired Power Generation in India
Currently, India has 84 gigawatts of coal-
fired electric generating capacity, 90 
percent of which is government owned. 
Together, India’s coal-fired plants emit more 
than 110,000 tons of particulate matter, 4.3 
million tons of SO2, and 1.2 million tons of 
NOx per year.
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Power plants in India use two strategies 
to limit particulate emissions from coal 
plants. First, they employ an electrostatic 
precipitator, which removes particulate 

matter from exiting gases. The Indian 
government effectively began requiring 
electrostatic precipitators in 1984 when it 
passed a law that limited particulate emis-
sions from power plants. Second, power 
plants limit the ash content of the coal 
used. Beginning in 2002, the use of coal 
with ash content exceeding 34 percent 
was prohibited in any thermal power plant 
located more than 1,000 kilometers from 
the entrance of a coal pit or in urban, sensi-
tive, or critically polluted areas. In practice, 
plants achieve the standard by blending 
washed and unwashed coal to reduce aver-
age ash content to the required amount. 

The indian government has no such 
controls on emissions of SO2 at coal-fired 
power plants because of the low sulfur 
content of Indian coal. On average, Indian 
coal is about 0.5 percent sulfur by weight; in 
contrast, coal mined in the eastern United 
States ranges from 3 to 4 percent sulfur by 
weight. But the question of whether SO2 
should be regulated also depends on the 
number of tons of SO2 emitted and the 
number of people exposed to these emis-
sions. Emissions of SO2 per megawatt hour 
are much higher in india than in the United 
States, and India is a much more densely 
populated country. 

Such regulation could require power 
plants in India to install flue-gas desulfur-
ization units (commonly known as scrub-
bers), or a tax could be placed on the sulfur 

content of coal. The government also could 
extend its coal-washing requirements: only 
5 percent of domestic coal used in power 
plants is washed, but this practice improves 
the combustion efficiency of coal and 
reduces the sulfur (as well as ash) content 
of the coal burned. 

Whether scrubbers are required or coal 
washing is extended should depend on a 
comparison of their costs and benefits: how 
much would these requirements raise the 
cost of electricity, and what (in monetary 
terms) would be their health benefits? 

Health Impacts of Power Plant  
Emissions
We estimated premature deaths per ton 
of particulate matter, SO2, and NOx for 89 
Indian coal-fired power plants that account-
ed for 88 percent of the electricity gener-
ated from coal in 2008. We also estimated 
total deaths associated with emissions of 
each pollutant for 62 plants. Specifically, 
we translated the data we collected into 
premature deaths from heart and lung 
disease among people 30 years of age and 
older, using an influential 2002 study by C. 
Arden Pope III and colleagues of the impact 
of fine particles on mortality in the United 
States. Our estimates are conservative 

The Indian government has no controls on  
emissions of SO2 at coal-fired power plants because 
of the low sulfur content of Indian coal. But the  
question of whether SO2 should be regulated also 
depends on the number of tons of SO2 emitted and 
people exposed to these emissions. 
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because they ignore the impact of air pollu-
tion on morbidity and deaths under age 30. 

Our results suggest that, on average, 
premature deaths per ton of pollution are 
greater for directly emitted particulate 
matter than for SO2 or NOx. An average of 
23 people die per 1,000 tons of particulate 
matter emitted. By comparison, an aver-
age of 10 people die per 1,000 tons of SO2 
emitted, and 9 people die per 1,000 tons of 
NOx emitted. 

Although damages per ton of particulate 
matter are greater than damages per ton of 
SO2, the latter accounts for a much greater 
fraction of total deaths because of the larger 
amount of SO2 emitted. SO2 is associated 
with an average of 500 deaths per plant. By 
comparison, NOx is associated with roughly 
120 deaths and directly emitted particulate 
matter with about 30 deaths. 

Policy Implications
Per ton of emissions, particulate matter 
is more harmful to human health than is 
sulfur dioxide. This along with the high ash 
(and low sulfur) content of Indian coal has 
prompted the regulatory focus on control-
ling emissions of particulate matter, while 
SO2 remains unregulated. But approximately 
three-quarters of the premature deaths 
associated with coal-fired power plants in 
India are attributable to SO2 emissions. in 
response, the country needs to consider 
controlling this harmful pollutant. Regula-
tion becomes even more important if India 
increases its imports of lower-ash, higher-

sulfur coal to bridge supply shortages of 
domestic indian coal. 

Whether the use of scrubbers to reduce 
SO2 emissions passes the benefit–cost test 
depends on the cost of scrubbers, their effi-
ciency in removing SO2, and plant location. 
Only one Indian power plant—the Dahanu 
plant in Maharashtra—is currently fitted 
with a scrubber. Our study suggests that 
this scrubber passes the benefit–cost test. 
The Dahanu plant is a 500-megawatt plant 
located in an environmentally sensitive area. 
We estimated the plant’s scrubber raises the 
cost of electricity generation by 9 percent, is 
80 percent effective in reducing  SO2 emis-
sions from the plant, and saves 123 lives 
annually at a cost of just over US$71,000 per 
life saved. This cost is below estimates of 
the amount that people in India are willing 
to pay per life saved. Whether this result 

generalizes to other power plants depends 
on the type of scrubber used, its efficiency 
at removing SO2, and the damages per ton 
of SO2 at those plants. 

To illustrate the significant health benefits 
of coal washing, we also estimated the 
decline in premature mortality for the 
Rihand plant in Uttar Pradesh—a plant that 
is not currently required to use washed 
coal—if it were to adopt this practice. 
Rihand is a 2,000-megawatt plant that in 
2008 produced 17,000 gigawatts of electric-
ity, using coal with a sulfur content of 0.39 
percent and an ash content of 43 percent. 
We considered a coal-washing program 

Per ton of emissions, particulate matter is  
more harmful to human health than is SO2. But  
approximately three-quarters of the premature 
deaths associated with coal-fired power plants in 
India are attributable to SO2 emissions.
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that would reduce the ash content of coal 
burned at the plant to 35 percent. This also 
would reduce the sulfur content of coal to 
0.34 percent and, by raising the heating 
value of the coal, would reduce the amount 
of coal burned to produce the same amount 
of electricity by 14 percent. 

By our calculations, this coal-washing 
program would save approximately 250 
lives annually and raise electricity prices by 
16 percent. Coal washing has other benefits 
than lives saved. For example, washing 
coal at the pit would reduce transporta-
tion costs. Ignoring these other benefits, 
the cost per life saved is US$250,000. The 
decline in fatality is due to a 30 percent 
reduction in emissions of directly emitted 
particulate matter, which saves 13 lives, and 
a 25 percent reduction in SO2 emissions, 
which saves 238 lives. Most of the reduc-
tions in emissions of particulate matter 
and SO2 occur because less coal needs be 
burned to generate electricity when the 
coal has been washed. 

Although coal washing is usually regarded 
as a measure aimed at reducing emissions 
of particulate matter, our analysis indicates 
that benefits due to the reduction in SO2 
emissions far outweigh those of lower 
particulate emissions.

The health benefits of the Dahanu scrub-
ber and of coal washing at the Rihand plant 
are only case studies, but they illustrate 
the importance of quantifying the health 
impacts of electricity production from coal 
and the difference that such estimates 
could make in informing pollution control 
policy.  
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Two new fellows—Anthony Liu and 
Zhongmin Wang—will join RFF in the fall. 
Anthony Liu, who is receiving a Ph.D. in 
economics from the University of California, 
San Diego, will divide his time in the coming 
year between serving as a fellow at RFF 
and completing a research fellowship on 
environmental issues in China. Liu also has 
worked at the Shanghai Academy of Devel-
opment, the Brookings Institution, Charles 
River Associates, and RedWhale Software 
Corporation. Zhongmin Wang is an assistant 
professor of economics at Northeastern 
University who focuses on industrial orga-
nization, applied microeconomics, energy 
and regulatory economics, and information 
economics. He received a Ph.D. in econom-
ics from Georgetown University and previ-
ously served as an assistant professor at 
Monash University in Australia.

Former RFF Senior Fellow William Pizer, a 
faculty fellow at Duke University’s Nicholas 
Institute for Environmental Policy Solutions 
and an associate professor at the Sanford 
School of Public Policy, returned to RFF as a 
university fellow. From 2008 to 2011, Pizer 
was deputy assistant secretary for environ-
ment and energy in the U.S. Department of 
the Treasury.

RFF appointed a new cohort of research 
leaders for 2012. Senior Fellows Karen 
Palmer and Margaret Walls are serv-
ing as research directors, and Fellow Juha 
Siikamäki is serving as associate research 
director. The research directors act as 
internal advocates for the research staff, 
providing immediate points of contact for 
day-to-day issues. They also participate 

A Look at What’s Happening
Inside RFF

in hiring, performance reviews, mentor-
ing, and project management. As associate 
research director, Siikamäki will provide 
leadership for the RFF research assis-
tants and help manage IT from a research 
perspective. Senior Fellow Roberton 
Williams is continuing in his role as direc-
tor of academic programs, managing RFF’s 
academic awards, university fellows, and 
First Wednesday Seminar Series.

RFF Senior Fellow Virginia McConnell is 
serving on two committees of the National 
Research Council Board on Energy and 
Environmental Systems: the Committee on 
Transitions to Alternative Vehicles and Fuels 
and the Committee on Fuel Economy of 
Light Duty Vehicles, Phase 2. 

RFF Vice President for Research and Senior 
Fellow Molly Macauley was appointed to 
the External Advisory Board of the National 
Socio-Environmental Synthesis Center 
(SESYNC), which was created through a 
partnership between the University of Mary-
land and RFF and funded by the National 
Science Foundation. RFF University Fellows 
Simon Levin of Princeton and Thomas 
Sterner of the University of Gothenberg 
also are serving on the board. Senior Fellow 
and Co-Director of RFF’s Center for the 
Management of Ecological Wealth Jim Boyd 
is SESYNC’s director of social science and 
policy.

RFF Chauncey Starr Senior Fellow Roger 
Cooke and RFF Senior Fellow and Direc-
tor of the Center for Climate and Electricity 
Policy Raymond Kopp participated in an 
authors’ meeting in New Zealand for the 
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Celebrate RFF’s 60th Year 
with Resources 2020

next report of the Intergovernmental Panel 
on Climate Change. 

Alan Krupnick, senior fellow and director 
of RFF’s Center for Energy Economics and 
Policy, was elected president of the Associa-
tion of Environmental and Resource Econo-
mists (AERE). He will serve a one-year term 
as president-elect in 2012, a two-year term 
as president from 2013 through 2014, and a 
final year as past-president. RFF Fellow Juha 
Siikamäki will continue his role as treasurer 
of AERE. RFF Fellow Sheila Olmstead will 
participate this year as a new member of 
the board of directors, and RFF’s Marilyn 
Voigt will continue as executive director. 

RFF Research Director and Thomas J. 
Klutznick Senior Fellow Margaret Walls is 
serving on the American Farmland Trust’s 
Research Advisory Council. 

RFF Visiting Scholar and Co-Director of the 
Center for the Management of Ecological 
Wealth Lynn Scarlett is on the National 
Research Council Committee on Sustain-
ability Linkages in the Federal Government. 
She is also the co–lead author of a chapter 
on decision support for the 2013 National 
Climate Assessment of the United States 
Global Change Research Program.  

This year, RFF is celebrating its 60th anniversary with Resources 2020, a distinguished lecture 
series featuring three Nobel Laureates in Economic Sciences. Mark your calendar for these 

important lectures:

Joseph E. Stiglitz, October 5
2001 Nobel Laureate in Economic Sciences
University Professor, Columbia University

Kenneth J. Arrow, November 13
1972 Nobel Laureate in Economic Sciences

Professor of Economics (Emeritus), Stanford University

Thomas C. Schelling, December 13
2005 Nobel Laureate in Economic Sciences

Distinguished University Professor, University of Maryland

Each of the events is free and open to the public.
For more information or to RSVP, visit www.rff.org/Resources2020.
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In 1951, a presidential commission called for an independent organization to inform the 
nation’s natural resource planning. In 1952, RFF was created to do just that. Today, RFF 
enjoys a broad base of support from government, individuals, foundations, and corporations. 
Through this continuing support, RFF is able to help decisionmakers develop policies  
that work.

RFF relies on those who have the vision to see the role rigorous, objective research plays 
in formulating sound public policies. Contributors to RFF receive a wide variety of benefits, 
including invitations to special events, targeted research reports, and briefings with RFF 
experts. For a complete listing of these benefits, visit www.rff.org/support.

There are many ways to contribute:
Send your gift directly to RFF 

Resources for the Future 
Attn: Development Office 
1616 P Street NW 
Washington, DC 20036

Donate online through the secure  
Network for Good website at  
www.networkforgood.org.  

Participate in the Combined Federal Campaign and support RFF. 

Provide matching gifts through your employer’s matching gift program. Your personnel 
office can provide you with the appropriate form to include with your donation. RFF’s Tax ID 
number is 53-0220900. 

Give gifts of stocks, bonds, or mutual funds. 

Consider planned gifts through bequests or deferred giving.

Contact us
Whether you’re interested in providing unrestricted support for RFF, giving to a specific 
program, or partnering in another way, the RFF Development Office can tailor opportunities 
to meet your needs. Please feel free to contact the appropriate individual listed below.

For individual giving, contact Barbara Bush at 202.328.5030 or bush@rff.org.  

For foundation and corporation support, contact Key Hill at 202.328.5042 or hill@rff.org.  

All other inquiries should be directed to Lea Harvey at 202.328.5016 or harvey@rff.org.

Opportunities to Support RFF





1616 P St. NW 
Washington, DC 20036-1400

RetuRN seRVice RequesteD

The Roads from Rio
Lessons Learned from Twenty 
Years of Multilateral Environ-
mental Negotiations

Edited by Pamela S. Chasek and 
Lynn M. Wagner

At the 1992 United Nations 
Conference on Environment and 
Development, popularly known 
as the Rio Earth Summit, the 
world’s leaders constructed a 
new "sustainable development" 

paradigm that promised to enhance environmentally sound 
economic and social development. Twenty years later, the 
proliferation of multilateral environmental agreements 
points to an unprecedented achievement but is worth 
examining for its accomplishments and shortcomings. This 
book provides a review of twenty years of multilateral envi-
ronmental negotiations (1992–2012).
February 2012
Paperback: 978-0-415-80977-1
www.routledge.com/9780415809771 

to place an order, please visit www.rotuledge.com/rffpress or call 1.800.634.7064.

NEW from RFF PRESS

The Global economics of 
Forestry
William F. Hyde

Hyde's unmatched volume 
reaches far beyond the growing 
field of forestry economics; it 
explains what forestry can do to 
regional development and envi-
ronmental conservation and what 
external policies in other sectors 
and the macro-economy can do 
to forestry. 
“Whether you prefer words, 

diagrams or equations, a tour of points and places is on offer 
from somebody who really has been there.”
—Alexander Pfaff, Duke University

April 2012
Hardback: 978-0-415-51828-4
www.routledge.com/9780415518284 

RFF Press is an imprint of Routledge/Taylor & Francis, a global publisher of quality academic books, journals and online reference.
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