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Phase | of a Project on
ALinking Climate Policy with Develo
in Brazil, China, and Indiabo

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 redugeeenhousgas 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, reduagnconventional pollution, improving health, and increasing rural
employment). An initial focus on four countriesBrazil, China, India, and Mexice 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 hagutedsPhase I, are:

1 To work with experts andettision makers ieach study countrp identify and
analyzethe greenhousgasreduction measures available te tountrythatwould advance
important development interestsaddition toclimate changemitigation.

2. To explore and discuss, wittxperts andlecision makers in each country, approaches

for generating t he cdmndisaugsiong 6tiseoptionsefgr makinge n g a g e n
commitments to address climate chadgenginternational negaations in ways that

promotethec o u n wideyd@welopment interests

3. To assistexperts andlecision 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 greenhegas emissions.

4. To promote, irough progress on aims3lthinking bythe political leaders of each
country about how their country could advance its broad national interests by exercising
leadership in the e round of international climate negotiations.

5. To deepen understanding among political leaders and experts about the differences
and similarities in the situations and perspectivesd the common challenges and interests
T among thehreestudy cauntries.

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



the three study countries, to foster communication among all oftfieipants in pursuit of
crosscutting 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 annualn@rences 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 wedim the extensive connections of WHRC Director

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

al so subcontracted with the Energy Technol o
Kennedy School of Government, elited 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 abe 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 Institufeniazonian
Environmental Research (Instituto de Pesquisa Ambiental da AmadztweV), where the
work has been led by Paulo Moutinho and the principal focus has been the costs, returns, and
co- benefits of reducing greenhougas emissions by reducing dedetation rates. In China
the lead collaborating organization is the Institute of Environmental Economics at Renmin
University; the work there has been |l ed by
focuses have been -windo tahpeprecaomers ctso od | ifinva tne
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 teablogies (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 Technoel&gynbay; that effort has
been led by Prof &xgan Banerjee and the main focuses have deanced coal
technologies, improving efficiencies in electricity transmission and distribution and end use,
and improved biomass technologies (supported by additional collaborators at The Energy and
Resource#nstitute- Delhi, the Indian Institute of Managemem\hmedabad, 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 institution

There is also a FocuSountry 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 Changg); Aj
Mathur (DirectorGeneral 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 Ministasieric& 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 undertakéase P
of the project, highlight some key findings from the Country Synthesis Reports, and address
some important crossutting questions relevant to an anticipated Phase Il of the work. The
rest of the package comprises those syntheses, additionaill tegmorts from the country
teams, and an extensive annotated bibliography. Becatise aimplexities of working



with a total of ten subcontracts in three foreign countries for this project, we have not been
able to complete a final financial reporttime for this submission; it will follow shortly.

Synopsis of Phase | 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 iaktslay the
groundwork for forming the country teams and FeC@asintry 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 amckeagof 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 Programo®@fioseph Ryan and with the
leaders of a parallel Hewlefiinded 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 collaboting 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 depenent objectives that have
been defined for each country by its political and economic leadership;

c. development of an inventory of climatkangemitigation initiatives already
underway in or being planned by each country

d. analysis of the interdohs (positive and negative) of the measures identified in part
¢ with the development objectives identified in part b;

e. screening of the larger universe of clirmab@ngemitigation measures for those
that would yield net benefits (positive impacts ogmegative 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 reviedejptincase studies
of costs versus benefits, with the criteria for choicedpéhe potential importance of
the measures in terms of both greenhegee emissions and interaction with other
development goals;

g. completion of thehosenn-depth case studies

h. discussion and refinement of the findings from the precedipg &ie each country
at inrcountry workshopengaging the country tearandtheir in-country consultants,
relevant members of the WHRC team, and selected decision makers and opinion
leaders.



Additional workplan elements to be carried out by the WH&Mproject as a whole were to:

I. hold ajoint meeting of the project participants to compare, discuss, and refine the
findings across the study countriesnd

J. propagate agreed findings widedynong decisioimakers and analysts in the study
countriesaswell as athe 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 somewhatvedrthe 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 Mexicortgecarried 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 WHRCled effort to a cae study of the costs and benefits, in the clirchiinge 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 skiping steps (afe) in the common workplan outlined abovevas motivated
by the obviousness of the choice of the def
greenhous@as emissions are from the forests/lauseé sector, versus 30% from the egerg
sector), as well as by the fact that work largely encompassing stepe(d) f or Br azi |
sector was already being performed by the Hevilgttled project at the Center for Clean Air
Policy and its Brazilian partners.

The work of the three countteams and the WHR8arvard coordinating team in the
rest of 2006 through the COP/MOP meetings in Nairobi inlogember was described in
our Interim Report to the Foundation of 15 December 2006. The efforts in this period
included much progress on vkplan elements (&) in China and India, leading to choices of
casestudy 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
wit h the teambébs energetic and highly innovat
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 effortaddressed by Holdren, Nepstad, Moutinho, Zou, and
Sagar-- played to a standingpbom-only crowd that included the head of the IPCC drad t
Deputy Director of the Climate Office in Ch
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



analysts and decision makers frommonthdher tr o
overall project to a Ministerods Breakfast o
t he UKG6s Department of Food, Environment, a

high-level officials and climate negotiators from a wide varietg@intries. 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 meet@mgbeen 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 theee groups for crossutting 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 includedneetings of the India team in Mumbai on August 2006 and June 2007;
meetings of members of the WHR{arvard group with the Chinese cleaghicle team in
Beijing in May 2006 and with the Chinese cleaoal team in May 2007; and numerous
meetings of the WRC-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 neeting of project participants anticipated in item (i) of the workplan was
hosted by Rangan Banerjee at the Indian Institute of TechneBgsnbay on October 123
of this year. The workshop was attended by the leaders of all of the country teamsltdlouti
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 Technologipelhi to lead a new energgrnvironment
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 hoeltp, as did Harvar€hina participant Hongyan Heli@er. 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 | report was indispensable. The agenda faotkshop and PDFs of essentially
all of the presentations are availablénp://www.me.iitb.ac.in/~rangan/Hewlett/hewlett.htm

Our project is now poised to make a substantial impathe annual Conference of
the Parties to the UN Framework Convention on Climate Changeoming in Bali in
Decembeii for the second year running. There will be three separate side events linked in
various ways to the Hewlett project: one by WHRG 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 pigsh. (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.) Itisworthnoting,asewt | , t hat the I ndian and Chi
Steering Committee (Ajay Mat hur and Zou Ji)
negotiating teams for the Bali COP (as Zou Ji also was in Nairobi), providing an
extraordinary channel forun findings into the negotiating process itself.
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SomeKey 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 follohisrpaickage.

Brazil

Our study indicates thaarbon emissions from tropical deforestation and forest
degradation in Brazilthie largesbr second largest source of such emissions in the world,
depending on yeagould be reduced to close to zero ovaOar time horizonat a cost
betweers100million and$600 million per year.This resultsuggests that the cost of
reductions in emissions from deforestation and forest degrad&tieid) is much lower than
previously estimated using global partial edurilim economic modelsln Brazil, it appears
to be feasible to achieve this reduction for a cost that is lower than the opportunity cost of
forgone profits from deforestatiestependent agriculture and ranching, since most
deforestation leads to cattle cdang of very low profit levels.This isparticularlysatisfying
becausdrazil benefitsn a number of wayom these reductions in emissions, including
through increaseshcome and improvements in livelihoods of indigenous and traditional
forest peoplegreater security for the rainfall system of the Brazilian goaibhand
hydroelectric network, and $10 to 80 million per year of diminisheeréiled damages
health, agriculture, anibrestry.

China

Coal will continue to be the dominant souofeelectricity in China for many decades
t o come. Our studyds an al-fyes electricityfgenerationene s c e
China-- Business as Usual, Advanced Technology (emphasizingsupercritical power
plant technology), and Verydvanced Technology (emphasizing carbon capture and
sequestration} shows that the Very Advanced Technology scenario, while offering by far
the largest greenhousgms emissions reductions, is prohibitively costly under current
circumstances and will nohaterialize 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 ultsapercritical coal technology, promoting
commercializatiorof 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 notugh
to reduce absolute greenhotgaes emissions in the face of the overall expected electricity
growth.

Chinabs passenger vehicle sector | ikewis
reducing greenhousgas emissions. While the number of suehigles 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 rhumore 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
passengevehicle fueleconomy &ndards currently projected for China will lead to some
reductoninCQe mi ssions compared to Abusiness as u



still more than a doubling by 2020. Larger reductions would require much stronger measures.
These would ave a variety of cdenefits (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

| n d greedh®usgasemissions could be reduckgas much a520million tonnes
per yearof carbondioxide-equivalentyear(Mt/yr CO,-eq) by 2025 through vigorous pursuit
of improvements in coglowergeneratiorefficiency through the dégyment of advanced
generation technologyreductions in the large lossesrrentlysustained during transmission
and distribution and edctricity-saving programs in the three ense sectors examinéa our
study @gricultural pumping, lighting, and ko water heating Rapid deployment of current
biomass gasifier technologies for small industries and power genetat@ther with
enhanced and largecaledevelopment and deploymentmdwly developed but not yet widely
usedadvanced biomassookingtechnologiescould reducereenhousgasemissions by
about 120 Mlyr CO,-eq, based on fosksiuel substitution, which is a realistic comparison
given trends in the Indian energy pictur€his potential has not been widely recognized in
the climatecharge literature.

The total potential of abo@40 Mt/yr CQ-eq in these two categoriesabout 8% of | ndi a
projectedannual emissions i2025.

Significant development benefitstiarms oflocal and national energy security, rural
empl oymentandwonmeindsr ends health, and gener al
achievedwith these measures, aboveialthe biomass sector where the link between GHG
emissions and damage from currgwfficient usage is strongesimprovements in
performancen the power sector, particularly to reduce losses and enhance billing through
better management tinsmission and distributionill not only save money and reduce
GHG emissionshut will help bring the state power utilities into sustainable operationj@& ma
development benefit.

There are a number of barriers to the deployment of these technplumgies/er This
is particularly important in the cases ethnologies that nedd be deployed at the household
level, where there it is not possible to relgmpletely 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 coopmtion 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-Cutting Issuesand Phase Il of the Work

Analyses of the costs and benefits of climelt@nge mitigation measures is inherently
a complicated matter, made more so by the desirability of including benefits not easily
translated into monetary terms and by ingstesicies and ambiguities in the terminology and
methods employed by different analysts in addressing these issues. Project participant Kirk



R. Smith (who was splitting his time, during much of Phase I, between WHRC and his
faculty position in the Schdof Public Health at UC Berkeley) has been deeply involved in
trying to systematize the evaluation oflgenefits in the context of the climatbange

problem; he summarized some of his insights on the matter, using examples for the India
case, in a pentation to our Mumbai workshop in October (posted at
http://www.me.iitb.ac.in/~rangan/Hewlett/hewlett.htrand, using examples from China, in a
presentation to the Institute for Gldignvironmental Strategies Scoping Consultation on the
Developmental Cdenefits 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 Haigleréhoffers a more extensively documented inquiry into the methodological
aspects of climatenitigation cebenefits considerations in an article to appear in the 2008
issue ofAnnual Review of Public Heal{the manuscript of which is also provided in the
acompanying materials). A | abget chalptRer o
in the report of Working Group Il for the Fourth Assessment of the IPCC
(http7/www.ipcc.ch/pdf/assessmereport/ar4/wg3/ardvg3-chapterll.pdfalso addresses

these issues extensively.

Prof. Smith proposed, at our Mumbai workshop, that following the IPCC our Hewlett
funded project showilud meas éadmbaemitghtgncontexd A wi n
to mean those that both reduce greenh@aseemissions and are economically attractive
using standard financial anaéeleysifd,t swhislhe utlh
to mean those that reduce greenhegese emisens 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 owienofteéhmi mowliogy becwnwsderthiehat qua
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 measure might reduce and the penalty, if
any, beng imposed on emissions of greenhouse gases. What is netaanwimeasure today
in a country with no price on CO2 emissions could easily bewirintomorrow when
emissions permits are required and cost $20 per tonne.

Smith proposed further that thefidtion and valuation of cdoenefits 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 Developnent 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).eTe e met hods and metrics, he
consensus of world expert opinion on how best to navigate through the complexity of such
anal yseso (Smit h--ddeabdve).i He puggestesl that,antour project, we
might wishtoundertae el abor at rcoansse 00 fa ntah ey sfiebsa suesi ng t
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 peerreviewed, published literature. These suggestions, too, were endorsed by the
participants in the Mumbai workshop, with the understanding that bringing tbhenedits
analyses of the different country teams to the indicated levels of sophistiaaticcross
country comparability would be a task of such magnitude as to have to await an anticipated
Phase II of the work.
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Two sets of crossutting questions / research focuses that were developed at different
stages of the Phase | effort are helpfoww 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 climateangemitigation approaches
that simultaneously facilitate the nehmate development objectives of each country
most effectively be pursued?

Q2. What role can appropriate technologies play in achieving dprednt priorities
while reducing greenhousgs emissions?

Q3. What are the main barriers to the implementation of policies to help each country
Al eapf r eGHG entitting technwlogies that also meet other development
priorities?

Q4. How can thestudy countries cosgffectively collaborate with others
internationally on research, development, demonstration, and accelerated deployment
of greenhousg@asreducing technologies that also meet other development priorities?

Q5. How can equity conces of developing countries be protected if they participate
actively in the posKyoto 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 mil007 as a set of ingredients it was hoped each country study
would ultimately contain. These were:

1. Identification and elaboration of the key technadmsg industries, and sectors offering
the most promising wiwin and cebenefitopportunities

2. Estimation of potential savings in terms specific opportunities, compared to accepted
baseline scenarios, to the extent possible.

3. Assessment of the barriersdbmological, 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 WHR{(&d effort was exapted from much of item 1, however, by

virtue of the preselection of the Amazon deforestation issue as its focus and the relegation of
the assessment of other mitigation opportunities in Brazil to the Hefwheted effort being

led by the Center for CleaAir Policy.)

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

germane to questions €13 and aims -2, variable amounts of content germane to aims 3
and rather little germane to questions Q4. It would be wondéul 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 designetilitthe 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
[, never mind the s®nd one. (Clearly, the process of organizing and carrying out as

complex a multicountry 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 otthe 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 wdkdeadhto
extract all the value potentially to be had
needed to fill the gaps that systematic comparison of the studies against the above lists of
guestions and aims will reveal is larger still. Those effaiisheed to await the anticipated

Phase Il of the effort, where they would be carried out in parallel with the systematization of
the approaches to wiwin and cebenefits issues discussed above.

Phase Il would contain two other major ingredients. firseof these would be a
continuing interactive effort involving the country teams and the WHHG/ard participants
in order to draw out the insights from these studies that are transferable across countries,
including to countries not initially studieas 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 adrady 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 workp) timetable, and budgets for Phase
[l will be forthcoming.
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Executive Summary:

A.

Brazil has one of thevor | dds cl eanest energy secto
consumption supplied by renewabl e sourc

rate of tropical deforestation and forest degradation, which represents 70% of this
nationds t ot anissigns. eMost bf thess emisgjomsstake 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
nationwide reductions of greenhougas emissions from tropical deforestation and
forest degradation (REDD). This important new carbon credit regime is under
negotiation for the pos2012 period of the UN Framework Convention on Climate
Change (UNFCCC) and would compensate tropical cowsntite# demonstrated
reductions in emissions below an historical or adjusted historical baseline.

We estimated the annual and-B&ar costs of reducing carbon emissions from
deforestation and forest degradation in the Brazilian Amazon to close to zera ove
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.

We use three general categories of compensation for the Brazilian Amazon that could
be applie 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
inthe regonw ul d be: 40% ASocial 06 Reserves,;
AProductionodo Reserves; and 30% private

REDD programs should begin with an estimate of the opportunity costs of
maintaining forests on lands that would provide higher rentter 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 reflewt incountry non
market benefits of forest conservation, including protection of regional rainfall
systems, water quality protection, and biological conservation.

We estimate the opportunity costs of reducing deforestation in the Brazilian Amazon
to appoximately 1,000 km2 per year (from a current baseline of 20,000 km2 per yer)
for a 30year period using spatiatgxplicit models of potential rents from soy, cattle
and timber production. For each forested pixel, rents for each competing land use
(soy, attle, timber) are summed for 30 years assuming a 5% discount rate and a pre
determined schedule of highway paving. Opportunity costs are registered when
deforestatiordependent rents (soy, pasture) are higher than fdeggndent rents
(sustained timbeproduction). 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 billionftdly compensate the
opportunity costs of comesving 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 noimonetized benefits of forest conservation realized nationally. Within
a REDD program, Brazivould be compensated for its opportunity costs over the
period during which the emissions would have occurred: 70 to 80 years.

Indigenous groups, rubber tappers, and other tr@std populations defend public
forest® or could potentially become forestefenderd but 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 tregadgtions with the goal of
increasing the viability of foredtased 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’5a,000 forest steward
families living in Asocialo reserves (I
development reserves) would cost $180 million per year. Another $13 million would
be needed to support these groups in perimeter patrol ofrédserves. 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 shifjitaanbon, stable
production systems. Payments would decline over time as forest stewards shift to
forestbased economies.

Private forest stewards in the Brazilian Amazon are private landholders wité legal
or legalizablé titles to their land. They areuently 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 {h@vate 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 theilBraAmazon 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.

The governments of Brazil (federal and state) will incur added costs to achieve a
gradwal 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 privateforest 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 fo 200,000 rural families. Total annual government fund outlays would be
$190 million per year.

Over the first 10 years of a Brazilian REDD program, annual costs to Brazil would
climb from $100 million per year to $530 million per year as annual emgss$ain

from the 300 million torC baseline to roughly 10 million. Ongoing costs after year

10 decline as public forest stewards shift to folesed 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.

Substantial cébenefits of this program includethe doubling of income of 200,000
rural forestbased families, a reduction in fitmsed costs to society (respiratory
illness, deaths, agricultural and forestry damages) of $60 million per year, and
protection of the rainfall system that supplies muchhef Brazilian grain belt and
hydro-electric energy production of the industrial southwest of the country.
Substantial nomonetized benefits include biodiversity conservation, including
avoiding the neaelimination 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 hurraduced emission of carbon to the
atmsosphere (Canadell et al. 2007, Houghton 2005). During El Nifio episodesevbsn
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 cdetgage 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 canimiss®ns 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 gogito (post-2012) period. A proposal to

compensate tropical countries for natiwide reductions in greenhouse gas emissions from
deforestation and forest degradation (refer
Conference of the Parties in 2003 18l 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 fAtropical forest fundo at the Nai
mechanism for quplying this fund. The REDD proposal will be voted on at tHe@®P in

Bali, Indonesia, in 2007.

Brazil ds opposit Hunded compensitien otreductionsnn cantzon k e t
emissions from deforestation is surprising since it is superbly posdito benefit from a
REDD progr am. Roughly two thirds of Brazil
deforestation, mostly in the Amazon (Moutinho and Schwartzman 2005), and Brazil has been
a world leader in developing innovative and successful appre&stierest 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 addpstad 2006). Brazil has a sophisticated system
of private forest reserve monitoring (Fearn
systems of rainforest monitoring (INPE 2007).

One of the obstacles to the eventual approval of the REDD progpibisal 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 thisgrogver a thirty
year period. We complete the report with a preliminary assessment ofleaefits 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 wouldst@o 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 farelearing 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 tropitforest 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 ad livestock expansion in tropical forest regions. In this report, we present
results of a model of opportunity costs of forest maintenance estimated using spapadiy
rent models for higltarbon (timber) and lowearbon (agriculture, ranching) usafsBrazilian
Amazon forests.

We estimate opportunity costs of forgone profits from-farest 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 dppdy 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 raegand that this moisture is, in turn, dependent
upon Amazon forest evapotranspiration (Clements and Higuchi 2006). Hence, the rains that
feed Brazil s grainbelt and extensive hydro
Amazon forests.

The irstitutional 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
ard 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 APublic Forest St ewar whs havemdéfended nd w
forests against forest replacing economic activities, or who could potentially defend forests.
This funding targets foredtased indigenous groups, traditional rural populations (such as
rubber tappers, Brazilut gatherers, and otherghd some smallholder populations that are
taking steps towards stable lanse systems that maintain or expand carbon stocks in forest
vegetation.

A APrivate Forest Stewardship Fundo woul
who retain forest on tlireproperties. (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 AiGovernment Fundo would compensate gov

are necessary for REDD above and beyond current budgetouil&igse expenditures
include heightened monitoring and management of public forests, expansion of the protected
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area and indigenous land network of public forests, improved provision of services
(education, health, technical assistance) to rural popofatand 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 out$igetected areas in the Brazilian Amazon (Figure 1) was mapped
using spatiallyexplicit models of potential rents for soy, cattle, and timber production. These models were developed as part of the
AAmazon Scenari o0so pr ogr a mterptlie Universidatiéd-ederal deHvinaseGerRig and the InstitutoCle n
Pesquisa Ambiental da Amazonia. The soy model integrates a biophysical yield model, a transportation model, and agosduction
model in estimating the economic returns to soy prodndbothe 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 areagatiléyeisinigh.

The cattle ranching model integrates adhgevelopment 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). Thedehber
integrates a transportation model, a lesting and processing cost model, and simulates the expansion, contraction, initiation, and
extinction of timber processing centers depending uanestedeach ce
(Merry et al. in review).

Thesethreereiiased model s are integrated withi
system (Soares et al. 2006). In this report, the net present value of each of the three
competing land uses is estimated over &8 time period by summing rents into theufet
for each forested pixel of the Brazilian Amazon (Figw4) 2 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 basedarpanalysis 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 estima¢ the opportunity cost of maintaining forest for each pixel located outside
of protected areas as the difference between the net present value of defordéspatiadent
land use (the maximum rent of soy and cattle ranching) and the net present vaheeof ti
production. I n this report, we Aforceodo th
annual harvest for each processing center to"d8€he total timber volume around each
processing center that could be profitably harvested. (Fhimaes 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 theould fully compensate the opportunity costs of forest
maintenance (Figure 6, 7).
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- Forest
D Deforested
- Non-forest

Indigenous r.

- Biological/Park

Sustainable use

[:] Military

Figure 1. The forests in the Brazilian Amazon. Thigi8ion square kilometer

region has 3.2 million square kilometers of forest, with roughly half in publestey
including indigenous reserves, bi ol ogi ca
(community development forests and production forests), and military reserves.

Source: see online supplementrw.whrc.org/Brazilcarbonsupplemegnt
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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 descriptj 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%lass 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, ahyields 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 steeptpart o
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 ¢€2087) 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-tgxar timetable for lowering deforestation to 1,000
square kilometers per year from an historical baseline of 20,00pémnyear(Fig. 8). We
use a 20,000 khper year rate as our baseline since deforestation for the last 10 years was
19,200 kmbut reached an average of 24,000° gar year during the 2002004 period
(INPE 2007). Deforestation is assumed to reduce 2,00{pdmyear until year ten, when
the reduction is only 1,000 KmWe assume that ongoing deforestation of 1,006 plem
year will be necessary for many years as swidden farmers clear forests for subsistence
livelihoods. The deforestation reduction salileds 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
30-year period, theleforested area would be reduced by 490,006 akwh carbon emissions
would be reduced by 5.9 billion tons

! 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% (FearnsideCa8i8am).
emission avoidance is taken as the difference between these two for a given forest pixel that is not cleared.
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