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Final Report to  

The William and Flora Hewlett Foundation 

From The Woods Hole Research Center 

November 15, 2007 

 

Phase I of a Project on 

ñLinking Climate Policy with Development Strategy  

in Brazil, China, and Indiaò 

 

OVERVIEW  AND FINDING S 

 

Introduction  

 

 In late October 2005, The William and Flora Hewlett Foundation awarded the Woods 

Hole Research Center a grant to identify, analyze, and promote technical options and 

associated policies to reduce greenhouse-gas emissions in major emerging economies (hence 

contribute to mitigating global climate change) while simultaneously advancing other 

dimensions of sustainable development (such as improving access to basis services while 

lowering costs, reducing conventional pollution, improving health, and increasing rural 

employment). An initial focus on four countries -- Brazil, China, India, and Mexico -- was 

reduced to a focus on the first three of these after it was agreed, early in the effort, that other 

organizations being funded for this purpose by the Hewlett Foundation would take on the case 

of Mexico.  

 

 The overarching aims of the project, of which the work of the Center and its 

collaborators over the period from October 2005 to the present has constituted Phase I, are: 

 

1. To work with experts and decision makers in each study country to identify and 

analyze the greenhouse-gas-reduction measures available to the country that would advance 

important development interests in addition to climate-change mitigation.  

  

2. To explore and discuss, with experts and decision makers in each country, approaches 

for generating the countryôs deeper engagement in discussions of  the options for making 

commitments to address climate change during international negotiations in ways that 

promote the countryôs wider development interests. 

 

3.  To assist experts and decision makers in each country in understanding and conveying 

to the international community what their country has already been doing and will be able to 

do in the future to address its greenhouse-gas emissions.   

 

4. To promote, through progress on aims 1-3, thinking by the political leaders of each 

country about how their country could advance its broad national interests by exercising 

leadership in the next round of international climate negotiations.  

 

5. To deepen understanding among political leaders and experts about the differences 

and similarities in the situations and perspectives -- and the common challenges and interests 

ï among the three study countries.  

 

 The role of the Center in pursuit of these aims has been to serve as a facilitator, 

coordinator, prime contractor, and synthesizer of work performed by teams largely based in 
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the three study countries, to foster communication among all of the participants in pursuit of 

cross-cutting insights, and to work with the country teams in communicating their findings to 

decision makers and the wider interested communities in the three countries and 

internationally, including particularly at the annual Conferences of the Parties of the UN 

Framework Convention on Climate Change.   Long the beneficiary of wide and deep ties with 

relevant experts and decision makers in Brazil through an Amazon program led at the Center 

by Dan Nepstad, and benefiting as well from the extensive connections of WHRC Director 

John P. Holdren and Visiting Senior Scientist Kirk R. Smith in China and India, the Center 

also subcontracted with the Energy Technology Innovation Policy Project at Harvardôs 

Kennedy School of Government, directed by Kelly Gallagher, to exploit the additional China 

and India expertise and connections of that group.  Joan Diamond has served as Project 

Coordinator at the Woods Hole Research Center.  Kilaparti Ramakrishna served as the 

Principal Investigator at the Woods Hole Research in the initial months of the project, before 

taking a leave of absence to serve as the Policy Advisor to the head of the UN Environment 

Programme in Nairobi. 

 

 The lead collaborating organization in Brazil has been the Institute for Amazonian 

Environmental Research (Instituto de Pesquisa Ambiental da Amazonia ï IPAM), where the 

work has been led by Paulo Moutinho and the principal focus has been the costs, returns, and 

co- benefits of reducing greenhouse-gas emissions by reducing deforestation rates.  In China 

the lead collaborating organization is the Institute of Environmental Economics at Renmin 

University; the work there has been led by the Instituteôs Director, ZOU Ji, and the primary 

focuses have been on the economics of ñwin-winò approaches to climate mitigation (with 

additional collaborators at Renmin University), advanced coal technologies (in collaboration 

with the Institute of Engineering Thermophysics of the Chinese Academy of Sciences), and 

clean and efficient vehicle technologies (in collaboration with the Chinese Automotive 

Technology and Research Center).   In India the lead collaborating organization has been the 

Energy Systems Department of the Indian Institute of Technology - Bombay;  that effort has 

been led by Prof Rangan Banerjee and the main focuses have been advanced coal 

technologies, improving efficiencies in electricity transmission and distribution and end use, 

and improved biomass technologies (supported by additional collaborators at The Energy and 

Resources Institute - Delhi, the Indian Institute of Management - Ahmedabad, and the Indian 

Institute of Science - Bangalore).  Ambuj Sagar played a special role integrating the India 

efforts across the Woods Hole Research Center, Harvard, and the Indian institutions.   

 

 There is also a Focus-Country Steering Committee, consisting of ZOU Ji (who in 

addition to his roles at Renmin University is a member of  the Chinese delegation to the 

Conferences of the Parties of the UN Framework Convention on Climate Change);  Ajay 

Mathur (Director-General of the Bureau of Energy Efficiency in the Indian Ministry of Power 

and member of  the Indian delegation to the UNFCCC COP), and Jose Goldemberg (former 

Environment Minister of the State of Sao Paulo, former Federal Minister of Science and 

Technology, and former Federal Minister of Education).  A more complete list of advisors, 

authors, researchers, and workshop participants is provided as an Annex .  

 

 In the remainder of this Overview, we summarize the activities undertaken in Phase I 

of the project, highlight some key findings from the Country Synthesis Reports, and address 

some important cross-cutting questions relevant to an anticipated Phase II of the work.   The 

rest of the package comprises those syntheses, additional topical reports from the country 

teams, and an extensive annotated bibliography.   Because of the complexities of working 
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with a total of ten subcontracts in three foreign countries for this project, we have not been 

able to complete a final financial report in time for this submission; it will follow shortly. 

 

Synopsis of Phase I Activities 

 

 The first few months of the effort were devoted to meetings with leading analysts and 

decision makers in the focus countries in order to solicit their interest and ideas and to lay the 

groundwork for forming the country teams and Focus-Country Steering Committee.  The 

departure of the original WHRC Principal Investigator for UNEP in February 2006 then 

precipitated the formation of a new leadership team at the Center and a process of review and 

refinement of the workplan for the effort, in consultation with the architects and overseers of 

the wider project on climate strategy and development at the Hewlett Foundation -- 

Environment Program Director Hal Harvey and Program Office Joseph Ryan -- and with the 

leaders of a parallel Hewlett-funded effort at the Center for Clean Air Policy that had started 

some months earlier.   

 

 In this period of spring into summer of 2006 the work was focused on the actual 

recruitment of collaborating institutions and lead researchers in the focus countries, the 

refinement of the list of  research topics to be pursued in common across the country studies, 

and the negotiation of corresponding terms of reference and subcontracts for the collaborators.  

The template for the common workplan for the country teams worked out in this period was 

as follows: 

 

a. compilation of the relevant demographic, economic, and emissions data for each 

country; 

 

b. identification and characterization of the priority development objectives that have 

been defined for each country by its political and economic leadership; 

 

c. development of an inventory of climate-change-mitigation initiatives already 

underway in or being planned by each country; 

 

d. analysis of the interactions (positive and negative) of the measures identified in part 

c with the development objectives identified in part b; 

 

e. screening of the larger universe of climate-change-mitigation measures for those 

that would yield net benefits (positive impacts minus negative impacts) for the priority 

development objectives identified in part b for the particular country; 

 

f.  choose one or more measures or sets of measures for review in in-depth case studies 

of costs versus benefits, with the criteria for choice being the potential importance of  

the measures in terms of both greenhouse-gas emissions and interaction with other 

development goals;  

 

g. completion of the chosen in-depth case studies; 

  

h. discussion and refinement of the findings from the preceding steps for each country 

at in-country workshops engaging the country teams and their in-country consultants,  

relevant members of the WHRC team, and selected decision makers and opinion 

leaders. 
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Additional workplan elements to be carried out by the WHRC-led project as a whole were to: 

 

i.  hold a joint meeting of the project participants to compare, discuss, and refine the 

findings across the study countries;  and 

 

j.  propagate agreed findings widely among decision-makers and analysts in the study 

countries, as well as at the Conferences of the Parties to the UN Framework 

Convention on Climate Change. 

 

 In the course of the period in early to mid 2006 when the workplan was being refined 

and the country participants recruited, two decisions that somewhat narrowed the scope of the 

effort were reached by the WHRC and Hewlett Foundation project leadership jointly.  The 

first was to drop Mexico from the list of focus countries for the WHRC effort, in light of  the 

advanced state of the similar effort in Mexico being carried out with Hewlett support by the 

Center for Clean Air Policy in collaboration with the Mario Molina Center for Energy and the 

Environment in Mexico City.   The second was to confine the focus of the Brazil component 

of the WHRC-led effort to a case study of the costs and benefits, in the climate-change and 

development contexts, of approaches to reducing carbon emissions from deforestation and 

forest degradation in the Brazilian Amazon.   This narrowing of the WHRC Brazil effort -- 

amounting to skipping steps (a)-(e) in the common workplan outlined above -- was motivated 

by the obviousness of the choice of the deforestation case study (given that 70% of Brazilôs 

greenhouse-gas emissions are from the forests/land-use sector, versus 30% from the energy 

sector), as well as by the fact that work largely encompassing steps (a)-(e) for Brazilôs energy 

sector was already being performed by the Hewlett-funded project at the Center for Clean Air 

Policy and its Brazilian partners. 

 

 The work of the three country teams and the WHRC-Harvard coordinating team in the 

rest of 2006 through the COP/MOP meetings in Nairobi in mid-November was described in 

our Interim Report to the Foundation of 15 December 2006.   The efforts in this period 

included much progress on workplan elements (a)-(f) in China and India, leading to choices of 

case-study focuses on clean coal and clean vehicles for China and on clean coal, efficiency in 

the electricity sector, and biomass technologies for India.  The work in Brazil pushed ahead 

with the teamôs energetic and highly innovative case study on Amazon 

deforestation/degradation, incorporating sophisticated modeling studies, the development of 

policy proposals for advancing the critically important concept of compensation for avoided 

deforestation, and the engagement of key stakeholders and decision makers (up to and 

including the Environment Minister and the President of Brazil) all along the way.   

 

 As related in our 15 December 2006 report, these activities put us in a position to have 

a considerable impact at the Nairobi COP/MOP meetings in November.  The WHRC side 

event introducing the whole effort -- addressed by Holdren, Nepstad, Moutinho, Zou, and 

Sagar -- played to a standing-room-only crowd that included the head of the IPCC and the 

Deputy Director of the Climate Office in Chinaôs National Development and Reform 

Commission.  Another side event organized jointly by WHRC, IPAM, and Environmental 

Defense focused on the rapidly advancing case study on avoiding deforestation in the 

Amazon;  it was addressed by Nepstad, Moutinho, Holdren, Annie Petsonk of Environmental 

Defense, and the Environment Minister of Brazil, drawing a large crowd that included many 
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analysts and decision makers from other tropical countries.  Holdrenôs presentation on the 

overall project to a Ministerôs Breakfast organized with the Center for Clean Air Policy and 

the UKôs Department of Food, Environment, and Rural Affairs reached a further group of 

high-level officials and climate negotiators from a wide variety of countries.   Finally, a 

WHRC reception and dinner again attracted the head of the IPCC and a number of decision-

makers and opinion leaders, with Brazil and the United States most heavily represented. 

 

 The year that has elapsed since the Nairobi meetings has been a time of intensive 

effort by all three country teams, with corresponding progress on all of the case studies 

(reflected in the individual reports that follow this overview) and a good beginning on jointly 

mining the findings and experience of the three groups for cross-cutting and transferable 

insights.   The progress made by each country team was achieved with the help of a number of 

in-country workshops, in this last year and earlier, as anticipated in item (h) of the workplan.   

These included meetings of the India team in Mumbai on August 2006 and June 2007;  

meetings of  members of the WHRC-Harvard group with the Chinese clean-vehicle team in 

Beijing in May 2006 and with the Chinese clean-coal team in May 2007;  and numerous 

meetings of the WHRC-IPAM Brazil team members (in Falmouth, Belem, and Brasilia).   

WHRC and Harvard team members also met separately with the leaders of the country teams 

on many occasions and in many venues (including Brasilia, Beijing, Mumbai, and Nairobi). 

 

 The joint meeting of project participants anticipated in item (i) of the workplan was 

hosted by Rangan Banerjee at the Indian Institute of Technology - Bombay on October 12-13 

of this year.   The workshop was attended by the leaders of all of the country teams (Moutinho 

for Brazil, Zou for China, Banerjee for India);  by Holdren, Diamond, Smith, and Nepstad 

from the Woods Hole Research Center;  by Sagar from Harvard (but now in the process of 

moving to the Indian Institute of Technology - Delhi to lead a new energy-environment 

program there);  by Program Officer Joe Ryan from the Hewlett Foundation;   and by India 

team members from around the country.  Indian Steering Committee Member Ajay Mathur 

took part by phone hook-up, as did Harvard-China participant Hongyan He Oliver.   The 

workshop was considered highly successful by the participants;  the exchange of insights 

among countries exceeded expectations, and the planning that took place there for completion 

of the Phase I report was indispensable.  The agenda for the workshop and PDFs of essentially 

all of the presentations are available at http://www.me.iitb.ac.in/~rangan/Hewlett/hewlett.htm 

 

 Our project is now poised to make a substantial impact on the annual Conference of 

the Parties to the UN Framework Convention on Climate Change ï upcoming in Bali in 

December ï for the second year running.   There will be three separate side events linked in 

various ways to the Hewlett project:  one by WHRC, one by IPAM, and one by 

Environmental Defense with WHRC and IPAM participation.   There will also again be a 

WHRC reception and dinner.  We expect the new findings of the Amazon deforestation case 

study (reported in detail below) to make a particularly big splash.   (These findings are also 

being submitted in the form of an article for SCIENCE in the next few weeks, although 

review and publication delays are such that, if accepted, it would not appear until early in the 

new year.)     It is worth noting, as well, that the Indian and Chinese members of our projectôs 

Steering Committee (Ajay Mathur and Zou Ji) are both members of their countriesô official 

negotiating teams for the Bali COP (as Zou Ji also was in Nairobi), providing an 

extraordinary channel for our findings into the negotiating process itself.   

 

 

 

http://www.me.iitb.ac.in/~rangan/Hewlett/hewlett.htm
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Some Key Findings from the Country Studies 

 

 What follow are merely appetizers to entice the reader into the main courses offered in 

the country synthesis reports and project reports that follow in this package. 

 

Brazil 

 

 Our study indicates that carbon emissions from tropical deforestation and forest 

degradation in Brazil (the largest or second largest source of such emissions in the world, 

depending on year) could be reduced to close to zero over a 10-yr time horizon at a cost 

between $100 million and $600 million per year.  This result suggests that the cost of 

reductions in emissions from deforestation and forest degradation (REDD) is much lower than 

previously estimated using global partial equilibrium economic models.  In Brazil, it appears 

to be feasible to achieve this reduction for a cost that is lower than the opportunity cost of 

forgone profits from deforestation-dependent agriculture and ranching, since most 

deforestation leads to cattle ranching of very low profit levels.  This is particularly satisfying 

because Brazil benefits in a number of ways from these reductions in emissions, including 

through increased income and improvements in livelihoods of indigenous and traditional 

forest people, greater security for the rainfall system of the Brazilian grain belt and 

hydroelectric network, and $10 to 80 million per year of diminished fire-related damages to 

health, agriculture, and forestry. 

 

China 

 

 Coal will continue to be the dominant source of electricity in China for many decades 

to come.  Our studyôs analysis of three scenarios for future coal-fired electricity generation in 

China -- Business as Usual, Advanced Technology (emphasizing ultra-super-critical power-

plant technology), and Very Advanced Technology (emphasizing carbon capture and 

sequestration) -- shows that the Very Advanced Technology scenario,  while offering by far 

the largest greenhouse-gas emissions reductions, is prohibitively costly under current 

circumstances and will not materialize absent drastic changes in economics and/or policy.  

The more likely path is the one modeled here by the Advanced Technology scenario, which 

entails accelerating the diffusion of ultra-super-critical coal technology, promoting 

commercialization of fluidized bed and integrated gasification combined cycle technologies, 

and significantly increasing R&D on carbon capture and sequestration.  Achieving even this 

much will entail significant strengthening of relevant policies, and still it will be not enough 

to reduce absolute greenhouse-gas emissions in the face of the overall expected electricity 

growth. 

 

 Chinaôs passenger vehicle sector likewise presents enormous challenges in relation to 

reducing greenhouse-gas emissions.  While the number of such vehicles in China grew at a 

rate of only about 1 million per year between 1990 and 2000, the rate of increase was over 3 

million per year between 2000 and 2005.  Length of highways is increasing in China far faster 

than the length of railways, which are much more fuel efficient, and the average fuel-

efficiency of the current Chinese fleet is lower than that in OECD countries, vehicle type by 

vehicle type.  Scenarios explored in this study show that full implementation of  the 

passenger-vehicle fuel-economy standards currently projected for China will lead to some 

reduction in CO2 emissions compared to ñbusiness as usualò, but the absolute increase would 
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still more than a doubling by 2020.  Larger reductions would require much stronger measures.  

These would have a variety of co-benefits (e.g., in reduced conventional pollution and 

reduced oil imports, compared to business as usual), but many barriers experienced and 

perceived by a variety of stakeholders will need to be overcome for such measures to be 

realized.  

 

India 

 

 Indiaôs greenhouse-gas emissions could be reduced by as much as 520 million tonnes 

per year of carbon-dioxide-equivalent year (Mt/yr CO2-eq)  by 2025 through vigorous pursuit 

of  improvements in coal-power-generation efficiency through the deployment of advanced 

generation technology;  reductions in the large losses currently sustained during transmission 

and distribution;  and electricity-saving programs in the three end-use sectors examined in our 

study (agricultural pumping, lighting, and solar water heating).   Rapid deployment of current 

biomass gasifier technologies for small industries and power generation, together with 

enhanced and large-scale development and deployment of newly developed but not yet widely 

used advanced biomass-cooking technologies, could reduce greenhouse-gas emissions by 

about 120 Mt/yr CO2-eq, based on fossil fuel substitution, which is a realistic comparison 

given trends in the Indian energy picture.  This potential has not been widely recognized in 

the climate-change literature.   

The total potential of about 640 Mt/yr CO2-eq in these two categories is about 18% of Indiaôs 

projected annual emissions in 2025. 

 

 Significant development benefits in terms of local and national energy security, rural 

employment, womenôs and childrenôs health, and general environmental quality can also be 

achieved with these measures, above all in the biomass sector where the link between GHG 

emissions and damage from current inefficient usage is strongest.  Improvements in 

performance in the power sector, particularly to reduce losses and enhance billing through 

better management of transmission and distribution, will not only save money and reduce 

GHG emissions but will help bring the state power utilities into sustainable operation, a major 

development benefit. 

 

 There are a number of barriers to the deployment of these technologies, however. This 

is particularly important in the cases of technologies that need to be deployed at the household 

level, where there it is not possible to rely completely on commercial dissemination because 

of low incomes and high effective discount rates.  Deployment strategies, to be successful, 

must be carefully designed to overcome these barriers, including development of new 

approaches.   International cooperation could be helpful by facilitating the availability of the 

relevant technologies, for assisting in program design (especially drawing on lessons from 

past experiences), and for building the appropriate technical and programmatic capacity. 

 

Cross-Cutti ng Issues and Phase II of the Work 

 

 Analyses of the costs and benefits of climate-change mitigation measures is inherently 

a complicated matter, made more so by the desirability of including benefits not easily 

translated into monetary terms and by inconsistencies and ambiguities in the terminology and 

methods employed by different analysts in addressing these issues.   Project participant Kirk 
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R. Smith (who was splitting his time, during much of  Phase I, between WHRC and his 

faculty position in the School of  Public Health at UC Berkeley) has been deeply involved in 

trying to systematize the evaluation of co-benefits in the context of the climate-change 

problem;  he summarized some of his insights on the matter, using examples for the India 

case, in a presentation to our Mumbai workshop in October (posted at 

http://www.me.iitb.ac.in/~rangan/Hewlett/hewlett.htm), and, using examples from China, in a 

presentation to the Institute for Global Environmental Strategies Scoping Consultation on the 

Developmental Co-Benefits of Climate Policies in Asia held in Bangkok in August.  (The 

latter presentation is provided as part of the materials accompanying this report.)  With co-

author Evan Haigler he offers a more extensively documented inquiry into the methodological 

aspects of climate-mitigation co-benefits considerations in an article to appear in the 2008 

issue of Annual Review of Public Health (the manuscript of which is also provided in the 

accompanying materials).   A large chapter on ñMitigation from a Cross-Sectoral Perspectiveò 

in the report of Working Group III for the Fourth Assessment of the IPCC 

(http://www.ipcc.ch/pdf/assessment-report/ar4/wg3/ar4-wg3-chapter11.pdf) also addresses 

these issues extensively. 

 

 Prof. Smith proposed, at our Mumbai workshop, that following the IPCC our Hewlett-

funded project should consistently use ñwin-win measuresò in the climate-mitigation context 

to mean those that both reduce greenhouse-gas emissions and are economically attractive 

using standard financial analysis, while the term ñmeasures with co-benefitsò should be used 

to mean those that reduce greenhouse-gas emissions while achieving other societal goals (e.g., 

improvements in public health, advances in rural development, reductions in conventional 

pollutants).   This proposal was accepted, with the understanding that particular care must be 

taken in use of the ñwin-winò terminology because what qualifies as win-win under this 

definition (or any other we can think of) depends on such variable conditions as the price of 

the energy forms whose use a potentially win-win measure might reduce and the penalty, if 

any, being imposed on emissions of greenhouse gases.   What is not a win-win measure today 

in a country with no price on CO2 emissions could easily be win-win tomorrow when 

emissions permits are required and cost $20 per tonne. 

 

 Smith proposed further that the definition and valuation of co-benefits in our work 

should use, at least for the first cuts, the methods and metrics that have been established for 

these purposes by the major international collaborative assessments, such as the IPCC, the 

Millennium Development Goals project of the United Nations, the 2001 Commission on 

Macroeconomics and Health (whose recommendations have been adopted by the World 

Health Organization and the World Bank, and the 2004 World Health Organization 

Comparative Risk Assessment).  These methods and metrics, he pointed out, ñrepresent at 

consensus of world expert opinion on how best to navigate through the complexity of such 

analysesò (Smith Mumbai presentation -- see above).  He suggested that, in our project, we 

might wish to undertake elaborations of the ñbase-caseò analyses using the internationally 

certified methods and metrics, based on particular needs or local conditions, but that such 

departures should be clearly identified and should be restricted to use of methods documented 

in peer-reviewed, published literature.  These suggestions, too, were endorsed by the 

participants in the Mumbai workshop, with the understanding that bringing the co-benefits 

analyses of the different country teams to the indicated levels of sophistication and cross-

country comparability would be a task of such magnitude as to have to await an anticipated 

Phase II of the work. 

 

http://www.me.iitb.ac.in/~rangan/Hewlett/hewlett.htm
http://www.ipcc.ch/pdf/assessment-report/ar4/wg3/ar4-wg3-chapter11.pdf
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 Two sets of cross-cutting questions / research focuses that were developed at different 

stages of the Phase I effort are helpful now as we assess how far we have come in this work 

and how far we still have to go.  The first set was developed for our original proposal, and 

after modest changes arrived at during refinement of the workplan in early 2006 ended up as 

follows: 

 

Q1.  How can the possibilities for advancing climate-change-mitigation approaches 

that simultaneously facilitate the non-climate development objectives of each country 

most effectively be pursued? 

  

Q2.  What role can appropriate technologies play in achieving development priorities 

while reducing greenhouse-gas emissions?    

 

Q3.  What are the main barriers to the implementation of policies to help each country 

ñleapfrogò to low-GHG emitting technologies that also meet other development 

priorities? 

 

Q4.  How can the study countries cost-effectively collaborate with others 

internationally on research, development, demonstration, and accelerated deployment 

of greenhouse-gas-reducing technologies that also meet other development priorities?   

 

Q5.  How can equity concerns of developing countries be protected if they participate 

actively in the post-Kyoto process and agree to limit the growth of greenhouse gas 

emissions? 

 

A distinct, albeit overlapping formulation of the aims of the effort resulted from interactions 

between the WHRC team and the architects/overseers of the project at the Hewlett 

Foundation, emerging in mid-2007 as a set of ingredients it was hoped each country study 

would ultimately contain.  These were: 

 

1. Identification and elaboration of the key technologies, industries, and sectors offering 

the most promising win-win and co-benefit opportunities 

 

2. Estimation of potential savings in terms specific opportunities, compared to accepted 

baseline scenarios, to the extent possible. 

 

3. Assessment of the barriers (technological, economic/financial, infrastructural, 

political) to achieving these savings. 

 

4. Identification of the elements of a strategy for overcoming those barriers (needed 

programmatic and policy elements). 

 

(The Brazil team in the WHRC-led effort was exempted from much of item 1, however, by 

virtue of the pre-selection of the Amazon deforestation issue as its focus and the relegation of 

the assessment of other mitigation opportunities in Brazil to the Hewlett-funded effort being 

led by the Center for Clean Air Policy.) 

 

 A careful reading of the country reports that follow here will reveal much content 

germane to questions Q1-Q3 and aims 1-2, variable amounts of content germane to aims 3-4, 

and rather little germane to questions Q4-Q5.   It would be wonderful to be able to offer here 
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a more systematic, comparative synopsis of the extent to which the different country studies 

have answered each question and achieved each aim, and more wonderful still to pursue an 

iterative and interactive process designed to fill the principal gaps that such a synopsis would 

reveal.   Alas, the timing of the Mumbai workshop and of the production of the various 

country reports did not allow for even the first of these desiderata to be achieved within Phase 

I, never mind the second one.   (Clearly, the process of organizing and carrying out as 

complex a multi-country effort as the one in which we have been engaged was considerably 

more demanding and time consuming than the original workplan and timetable envisioned.)    

Some of the translation of the findings of the country reports into frameworks, tables, and 

charts that help with summary and comparison will go on in the period remaining before our 

presentations at the Bali COP meeting in December.  But the effort that will be needed to 

extract all the value potentially to be had from ñminingò these studies is larger, and that 

needed to fill the gaps that systematic comparison of the studies against the above lists of 

questions and aims will reveal is larger still.  Those efforts will need to await the anticipated 

Phase II of the effort, where they would be carried out in parallel with the systematization of 

the approaches to win-win and co-benefits issues discussed above. 

 

 Phase II would contain two other major ingredients.  The first of these would be a 

continuing interactive effort involving the country teams and the WHRC-Harvard participants 

in order to draw out the insights from these studies that are transferable across countries, 

including to countries not initially studied as part of this project.   The second would be an 

expansion of the efforts already underway to communicate the findings to the wider analytical 

and policy communities within the study countries and internationally.   There is much 

material in the work already completed that is worthy of being propagated in this way, so 

expansion of the communication effort need not and should not await completion of  the 

additional analytical work envisioned for Phase II.  

 

 A proposal to the Hewlett Foundation with workplan, timetable, and budgets for Phase 

II will be forthcoming.   
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Executive Summary: 

 

A. Brazil has one of the worldôs cleanest energy sectors, with 40% of total energy 

consumption supplied by renewable sources.  But Brazil also has the worldôs highest 

rate of tropical deforestation and forest degradation, which represents 70% of this 

nationôs total greenhouse gas emissions.  Most of these emissions take place through 

the expansion of livestock and agriculture in the Amazon region, with forest fires 

contributing further emissions. Brazil is a prime candidate for compensation of 

nation-wide reductions of greenhouse gas emissions from tropical deforestation and 

forest degradation (REDD).  This important new carbon credit regime is under 

negotiation for the post-2012 period of the UN Framework Convention on Climate 

Change (UNFCCC) and would compensate tropical countries for demonstrated 

reductions in emissions below an historical or adjusted historical baseline.   

 

B. We estimated the annual and 30-year costs of reducing carbon emissions from 

deforestation and forest degradation in the Brazilian Amazon to close to zero over a 

ten year period.  We also conducted an initial assessment of the benefits to Brazilian 

society of these reductions.  We do not analyze the institutional and financial 

innovations that would be necessary to implement this very large new carbon credit 

regime.  Rather, our aim is to provide a conceptual framework for approaching 

REDD programs, and initial calculations of how much a viable REDD program might 

cost. 

 

C. We use three general categories of compensation for the Brazilian Amazon that could 

be applied in other countries:  (a) a Public Forest Stewardship Fund, (b) a Private 

Forest Stewardship Fund, and (c) a Government Fund.  In the scenario presented 

here, the eventual allocation of the 3.2 million square kilometers of forest remaining 

in the region would be:  40% ñSocialò Reserves; 30% ñBiological/Ecologicalò and 

ñProductionò Reserves; and 30% private land reserves.    

 

D. REDD programs should begin with an estimate of the opportunity costs of 

maintaining forests on lands that would provide higher rents under agricultural or 

livestock production than under timber production.  This estimate provides an outer 

bound to the total cost of REDD for that country, since opportunity costs of forgone 

profits from agriculture or livestock production do not reflect the in-country non-

market benefits of forest conservation, including protection of regional rainfall 

systems, water quality protection, and biological conservation. 

 

E. We estimate the opportunity costs of reducing deforestation in the Brazilian Amazon 

to approximately 1,000 km2 per year (from a current baseline of 20,000 km2 per yer) 

for a 30-year period using spatially-explicit models of potential rents from soy, cattle 

and timber production.  For each forested pixel, rents for each competing land use 

(soy, cattle, timber) are summed for 30 years assuming a 5% discount rate and a pre-

determined schedule of highway paving.  Opportunity costs are registered when 

deforestation-dependent rents (soy, pasture) are higher than forest-dependent rents 

(sustained timber production).  The average opportunity cost of forest protection for 

94% of Brazilian Amazon forestlands is US$3 per ton of carbon.  In present day 

dollars, it would cost Brazil approximately US$140 billion to fully compensate the 

opportunity costs of conserving 94% of the Brazilian Amazon forests, containing 46 

billion tons of carbon.  The real costs to Brazil are considerably lower because of the 
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substantial non-monetized benefits of forest conservation realized nationally.  Within 

a REDD program, Brazil would be compensated for its opportunity costs over the 

period during which the emissions would have occurred:  70 to 80 years. 

 

F. Indigenous groups, rubber tappers, and other forest-based populations defend public 

forestsðor could potentially become forest defendersðbut have rarely received 

compensation to do so.  They control 26% of the forests of the Brazilian Amazon, and 

we assume will eventually control 40% through the creation of new reserves.  The 

Public Forest Stewardship Fund would compensate these populations with the goal of 

increasing the viability of forest-based livelihoods and strengthening their role as 

forest stewards.  Payments would be tied to performance.  To provide the annual 

equivalent of a 1/2 minimum salary ($1,200 per year) to all ca. 150,000 forest steward 

families living in ñsocialò reserves (indigenous lands, extractive reserves, sustainable 

development reserves) would cost $180 million per year.  Another $13 million would 

be needed to support these groups in perimeter patrol of their reserves.  Annual 

compensation equivalent to one half of a minimum salary would enable an additional 

50,000 smallholder families ($60 million per year) living in government agricultural 

settlements to restore forests on degraded land as they shift to high-carbon, stable 

production systems.  Payments would decline over time as forest stewards shift to 

forest-based economies. 

 

G. Private forest stewards in the Brazilian Amazon are private landholders with legalð

or legalizableðtitles to their land.  They are currently required to maintain 80% of 

their land in forest, but compliance is low and repeal of this law is frequently 

threatened.  It is therefore appropriate that private landholders receive partial 

compensation (e.g. 20%) of the opportunity costs of their private land forest reserves 

that are required for compliance with the law, and higher compensation (60%) of the 

opportunity costs of their private land forest reserves in excess of the legal 

requirement.  If we assume that 10% of the forests of the Brazilian Amazon are 

privately owned, annual compensation of private forest stewards would begin at 

US$1.8 million, climbing to a maximum of US$18 million after ten years. 

 

H. The governments of Brazil (federal and state) will incur added costs to achieve a 

gradual reduction of carbon emissions..  We estimate the annual added costs of 

monitoring, protecting, and managing existing public forests at US$25 million, with 

an additional US$8 million per year to establish new public forests.  The development 

of a private forest monitoring and licensing system would cost US$16 million per 

year to establish and implement.  Additional services beyond current levels of support 

(education, health, justice, technical assistance) would cost an additional $140 million 

per year for 200,000 rural families.   Total annual government fund outlays would be 

$190 million per year. 

 

I. Over the first 10 years of a Brazilian REDD program, annual costs to Brazil would 

climb from $100 million per year to $530 million per year as annual emissions fall 

from the 300 million ton-C baseline to roughly 10 million.  Ongoing costs after year 

10 decline as public forest stewards shift to forest-based economies, the pool of 

uncompensated private land forest declines, and government costs decline through 

greater efficiency and tax revenues.  By the end of 30 years, approximately 6 billion 

tons of carbon emissions would be avoided at a cost of $8 billion.  Full payment of 

the opportunity costs of these avoided emissions would be approximately $18 billion.   
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Implicit in our calculations, therefore, is the assumption that roughly half of the 

forgone profits from agricultural and livestock production are compensated by in-

country benefits of forest conservation. 

 

J. Substantial co-benefits of this program include:  the doubling of income of 200,000 

rural forest-based families, a reduction in fire-based costs to society (respiratory 

illness, deaths, agricultural and forestry damages) of $60 million per year, and 

protection of the rainfall system that supplies much of the Brazilian grain belt and 

hydro-electric energy production of the industrial southwest of the country.   

Substantial non-monetized benefits include biodiversity conservation, including 

avoiding the near-elimination of five ecoregions. 
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1. Introduction 

 

Tropical deforestation releases 1.5 to 2.0 billion tons of carbon each year, and is 

therefore 15 to 20% of the annual worldwide human-induced emission of carbon to the 

atmsosphere (Canadell et al. 2007, Houghton 2005).  During El Niño episodes, when severe 

drought affects large areas of tropical forests in the Amazon, SE Asia, and elsewhere, 

emissions can double through fires that burn forests and tropical peat soils (Nepstad et al. 

2006a).  Tropical deforestation emissions may increase in the coming decade as rising 

worldwide demand for animal ration, meat, and biofuel places new pressures on potential 

agricultural lands in the tropics (Nepstad et al. 2006b, Nepstad and Stickler in press).  

Although a system for compensating efforts to reduce carbon emissions from tropical 

deforestation and forest degradation was excluded from the UN Framework Convention on 

Climate Change negotiations of the Kyoto Protocol (Fearnside 2004), such a system is part of 

the current negotiations focused on the post-Kyoto (post-2012) period.   A proposal to 

compensate tropical countries for nation-wide reductions in greenhouse gas emissions from 

deforestation and forest degradation (referred to here as ñREDDò), first presented at the Milan 

Conference of the Parties in 2003 (Santilli et al. 2005), was formally endorsed by Papua New 

Guinea, Costa Rica, and other tropical nations at the Montreal COP in 2005.   Brazil endorsed 

a similar ñtropical forest fundò at the Nairobi COP (2006), but did not  support a market 

mechanism for supplying this fund.  The REDD proposal will be voted on at the 13
th
 COP in 

Bali, Indonesia, in 2007. 

 

Brazilôs opposition to the carbon market-funded compensation of reductions in carbon 

emissions from deforestation is surprising since it is superbly positioned to benefit from a 

REDD program.  Roughly two thirds of Brazilôs annual carbon emissions come from 

deforestation, mostly in the Amazon (Moutinho and Schwartzman 2005), and Brazil has been 

a world leader in developing innovative and successful approaches to forest conservation.  For 

example, from January 2004 through December 2006, 23 million hectares of public forest 

reserves in the Brazilian Amazon were created, including large forest reserves at the edge of 

the active agricultural frontier (Campos and Nepstad 2006).  Brazil has a sophisticated system 

of private forest reserve monitoring (Fearnside 2003) and one of the worldôs most advanced 

systems of rainforest monitoring (INPE 2007). 

 

One of the obstacles to the eventual approval of the REDD proposal within the 

UNFCCC process is uncertainty about how REDD would work and how much it would cost.  

In this report, we provide a conceptual framework for the development of a REDD program 

for the Brazilian Amazon and estimate the cost of implementing this program over a thirty 

year period.  We complete the report with a preliminary assessment of the co-benefits of a 

Brazilian Amazon REDD program. 
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2. The conceptual framework of a Brazilian Amazon REDD program 

 

Most of the efforts to quantify how much it would cost to reduce greenhouse gas 

emissions from tropical deforestation and forest degradation have focused on estimating the 

opportunity costs associated with forgone profits from agriculture and livestock production 

that are incurred when restrictions to forest clearing are imposed.  These analyses have 

employed equilibrium and partial equilibrium global economic models to estimate these 

opportunity costs and have had to make simplifying assumptions about potential rents from 

agriculture and livestock on tropical forest lands (Sayath et al. 2006, Obersteiner et al.  2006, 

Sohgen and Sedjo 2006).  We are unaware of published analyses that estimate the costs of 

REDD programs beginning with the biophysical, climatic, and infrastructure constraints to 

agriculture and livestock expansion in tropical forest regions.   In this report, we present 

results of a model of opportunity costs of forest maintenance estimated using spatially-explicit 

rent models for high-carbon (timber) and low-carbon (agriculture, ranching) uses of Brazilian 

Amazon forests.   

 

We estimate opportunity costs of forgone profits from non-forest land uses as an upper 

limit to the cost of REDD programs.  The actual costs of REDD programs should be 

considerably lower than full compensation of these opportunity costs since there are 

numerous benefits to Brazilian society of forest maintenance.  For example, there is strong 

evidence that the rainfall system of central and southwestern Brazil is partially dependent 

upon moisture coming from the Amazon region and that this moisture is, in turn, dependent 

upon Amazon forest evapotranspiration (Clements and Higuchi 2006).  Hence, the rains that 

feed Brazilôs grainbelt and extensive hydroelectric reservoir network appear to depend upon 

Amazon forests.    

 

The institutional steps to achieving lasting reductions in carbon emissions from 

tropical deforestation and forest degradation are also in need of a clarifying conceptual 

framework.  REDD programs will depend upon effective governance of remote forest regions 

and an equitable, efficient system of channeling these incentives to the people who control 

tropical forests.  We propose three general targets of REDD funding to help meet these goals.  

First, a ñPublic Forest Stewardshipò fund would compensate those people who have defended 

forests against forest replacing economic activities, or who could potentially defend forests.  

This funding targets forest-based indigenous groups, traditional rural populations (such as 

rubber tappers, Brazil-nut gatherers, and others), and some smallholder populations that are 

taking steps towards stable land-use systems that maintain or expand carbon stocks in forest 

vegetation.    

 

A ñPrivate Forest Stewardship Fundò would compensate those private landholders 

who retain forest on their properties.  (This fund is complicated by the difficulty of defining 

land ownership in the Brazilian Amazon.)  We proposed a differential rate of compensation 

for forest conservation on private land, with lower compensation going to forest reserves that 

are legally required, and higher compensation going to reserves that are above and beyond 

this legal requirement. 

 

A ñGovernment Fundò would compensate government programs and expenditures that 

are necessary for REDD above and beyond current budget outlays.  These expenditures 

include heightened monitoring and management of public forests, expansion of the protected 



 22 

area and indigenous land network of public forests, improved provision of services 

(education, health, technical assistance) to rural populations, and the expansion of existing 

systems for environmental licensing and monitoring of private land forests to the entire 

Brazilian Amazon region. 

 

 

3. A spatial map of opportunity costs 

 
The opportunity costs of maintaining those forests that lie outside of protected areas in the Brazilian Amazon (Figure 1) was mapped 

using spatially-explicit models of potential rents for soy, cattle, and timber production.  These models were developed as part of the 

ñAmazon Scenariosò program of the Woods Hole Research Center, the Universidade Federal de Minas Gerais, and the Instituto de 

Pesquisa Ambiental da Amazonia.  The soy model integrates a biophysical yield model, a transportation model, and a production cost 

model in estimating the economic returns to soy production for the Brazilian Amazon (Vera Diaz et al. 2007).  Soy expansion is 

constrained by a soil and climate suitability map that is applied as a filter.  Soy rents are positive only in areas where suitability is high.  

The cattle ranching model integrates a herd development model, a production cost function (that includes land purchase, herd 

establishment, and periodic pasture reformation), and a transportation cost model (Merry et al. in preparation).  The timber model 

integrates a transportation model, a harvesting and processing cost model, and simulates the expansion, contraction, initiation, and 

extinction of timber processing centers depending upon each centerôs neighborhood of timber stocks that could be profitably harvested 

(Merry et al. in review).   

 

These three rent-based models are integrated within the ñSimAmazoniaò modeling 

system (Soares et al. 2006).  In this report, the net present value of each of the three 

competing land uses is estimated over a 30-year time period by summing rents into the future 

for each forested pixel of the Brazilian Amazon (Figure 2-4).  Future rents are discounted at a 

5% annual rate.  All three models are highly sensitive to changes in transportation costs.   We 

therefore developed a schedule of highway paving based upon an analysis of current policies 

and capital availability (Soares et al. 2006).  Hence, the rent of each forested pixel changes 

differentially through time for each competing land use depending upon paving of the 

highway network as prescribed.   

 

We estimate the opportunity cost of maintaining forest for each pixel located outside 

of protected areas as the difference between the net present value of deforestation-dependent 

land use (the maximum rent of soy and cattle ranching) and the net present value of timber 

production.   In this report, we ñforceò the timber industry into a sustainable mode by limiting 

annual harvest for each processing center to 1/30
th
 of the total timber volume around each 

processing center that could be profitably harvested.   (This assumes that each forested pixel 

can be harvested every thirty years because of tree growth.)  This opportunity cost is divided 

by the carbon stock for each forested pixel, using Saatchi et al. (2007, Figure 5), to estimate 

the payment per ton of carbon that would fully compensate the opportunity costs of forest 

maintenance (Figure 6, 7).   
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Figure 1.  The forests in the Brazilian Amazon.  This 5-million square kilometer 

region has 3.2 million square kilometers of forest, with roughly half in public forests, 

including indigenous reserves, biological reserves and parks, ñsustainable useò 

(community development forests and production forests), and military reserves.  

Source:  see online supplement (www.whrc.org/Brazilcarbonsupplement)

http://www.whrc.org/Brazilcarbonsupplement
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Figure 2.  The potential net present value (2007 through 2037) of soy production on 

the forested lands of the Brazilian Amazon (excluding public forests).  See online 

supplemental information for model description, and Vera Diaz et al. 2007. 

 

 

 

Of the 1.6 million square kilometers of forest lying outside of protected areas in the 

Brazilian Amazon, containing 30 billion tons of carbon, 90% of the opportunity costs are less 

than US$5 per ton of carbon, and 94% are less than US$10 per ton of carbon (Figure 6).  This 

surprisingly low value is attributable to the low profitability of cattle ranching in the Amazon 

(Figure 3).  The animal grazing density of Amazon cattle pastures averages 0.8 animal units 

per hectare, and yields profits that are generally well below $50 per hectare per year (Arima et 

al. 2006, Margulis 2003, Mattos and Uhl 1994).  The cost of compensating the opportunity 

costs of forgone profits from soy production (Figure 2, 6) represent the steep part of the 

carbon supply curve in the final 6% of the forest carbon stock. 
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Figure 3.  Potential net present value of cattle production (2007-2037) on the forested 

lands of the Brazilian Amazon (excluding public forests).  See online supplemental 

information for model description. 

 

 

 

 

4. A deforestation reduction schedule and forest allocation 

 

Our analysis is based upon a ten-year timetable for lowering deforestation to 1,000 

square kilometers per year from an historical baseline of 20,000 km
2
 per year (Fig. 8).  We 

use a 20,000  km
2 
per year rate as our baseline since deforestation for the last 10 years was 

19,200  km
2 
but reached an average of 24,000  km

2 
per year during the 2002-2004 period 

(INPE 2007).   Deforestation is assumed to reduce 2,000  km
2 
per year until year ten, when 

the reduction is only 1,000  km
2
.  We assume that ongoing deforestation of 1,000  km

2 
per 

year will be necessary for many years as swidden farmers clear forests for subsistence 

livelihoods.   The deforestation reduction schedule is presented for 30 years, which is the time 

period for which opportunity costs were estimated.  In fact, compensation would continue into 

the future until the development rights of remaining forests have been ñretiredò.  During the 

30-year period, the deforested area would be reduced by 490,000  km
2 
and carbon emissions 

would be reduced by 5.9 billion tons
1
.   

 

                                                
1 We assume that logging decreases carbon stocks (aboveground and roots, the latter estimated as  20% of the 

former) by 15% (Asner et al. 2005) while soy and pasture reduces stocks by 85% (Fearnside 1997).   Carbon 
emission avoidance is taken as the difference between these two for a given forest pixel that is not cleared. 


