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REDD is an essential piece of the global solution.
If the world is to diminish its acceleration
into a dangerous disruption of the global
climate system, steep reductions in the
emissions of greenhouse gases to the
atmosphere will be needed over the next
decade. The reduction of emissions from
tropical forest clearing and degradation is
an important piece of the global solution
to the climatic disruption for at least three
reasons. First, these emissions will be less
expensive to reduce than many sources
of emissions from fossil fuel combustion.
Second, a robust international framework
Photo courtesy of Connie Clark, WHRC.
is likely to become part of the post-2012
United Nations climate treaty framework currently under negotiation through a mechanism
called REDD1. And, third, some countries are demonstrating that large reductions in these
emissions are feasible.

1
REDD, Reductions in Emissions from Deforestation and Forest Degradation, is under negotiation within the United Nations
Framework Convention on Climate Change and is designed to compensate developing nations that succeed in lowering their carbon
emissions from deforestation and forest degradation.
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The Woods Hole Research Center is a non-profit, independent research institution, with
headquarters in Falmouth, Massachusetts (USA). The Center conducts policy-relevant research on
the effects of the human population on the Earth’s natural resources and life-sustaining processes
with a focus on forests, freshwater, and climate. The Center leads field experiments and develops
models of natural resource management through partnership with other organizations.

The Woods Hole Research Center REDD Team:
Scientists, Research Associates, Post-Doctoral fellows:
Baccini, Alessandro, PhD. Assist. Scientist. Biomass mapping, carbon stocks, emissions
Brown, Foster, PhD. Senior Scientist. Capacity-building, stakeholder process, fire, Western Amazon
Castello, Leandro, PhD Post-Doc. Amazon fisheries ecology/management, aquatic conservation
Cattaneo, Andrea, PhD. Senior Scientist. Economic modeling, land use, stock-flow approach
Clark, Connie, PhD. Assist. Scientist. Tropical Forest Ecology/Biodiversity, Capacity Building, Africa
Coe, Michael, PhD. Assoc. Scientist. Hydrology/vegetation modeling, climatology, farming/ranching
Davidson, Eric, PhD. Senior Scientist. Soils, biogeochemistry, land use, nitrogen, Amazon
Fiske, Greg, MS. Research Associate. GIS, cartography, data management
Goetz, Scott, PhD. Senior Scientist. Mapping and monitoring vegetation productivity, carbon stocks, emissions
Hackler, Joseph, MS. Research Assoc. Energy systems, global carbon cycle
Houghton, Richard (“Skee”), PhD. Acting Director. Role of terrestrial ecosystems in the global carbon cycle
Johns, Tracy, MS. Policy Advisor. Climate change policy, REDD readiness, stakeholder engagement
Kellndorfer, Josef, PhD. Assoc. Scientist. Mapping and monitoring of land use, biomass, emissions
Laporte, Nadine, PhD. Assoc. Scientist. Forest monitoring, deforestation/degradation drivers,
capacity building, Africa
Lefebvre, Paul, MS. Research Assoc. GIS, remote sensing, field instrumentation
McGrath, David (“Toby”), PhD. Assoc. Scientist. Resource management systems, Amazon fisheries, policy
Moutinho, Paulo, PhD. Adj. Assoc. Scientist. Climate policy, Amazon deforestation/ecology, biodiversity
Nepstad, Daniel, PhD. Senior Scientist. Land-use policy, Amazon dieback, fire, modeling, agriculture/ranching
Poulsen, John, PhD. Assist. Scientist. Tropical Forest Ecology, Conservation, Management, Private Sector
Partnerships, Africa
Samanta, Sudeep, PhD. Assist. Scientist. Ecosystem and land use modeling
Stickler, Claudia, PhD. Post-doc. Land use modeling, policy, agriculture/ranching, Amazon/Africa
Stone, Thomas, MS. Sr. Res. Associate. Satellite monitoring, land use, Amazon, Siberia
Sun, Mindy, MS. Research Assoc. GIS, remote sensing, forest monitoring/mapping
Walker, Wayne, PhD. Assist. Scientist. Monitoring of forest cover/biomass, technical capacity 			
building
Woodwell, George, PhD. Director Emeritus. Global ecology, climate policy, energy
Research Assistants:
Baush, Adam, MS. Remote sensing, GIS, land cover mapping, Africa
Bishop, Jesse, MS. Remote sensing, GIS, forest mapping
Cormier, Tina, MS. Remote sensing, GIS, forest mapping
Greenglass, Nora, MEM. Forest inventories, climate change policy
Kingerlee, Wendy. Amazon Program administrator
Kirsch, Katie. Remote sensing, forest mapping
Knight, Danielle. REDD administrator
Palmeri, Virginie Amougou-Atisso, PhD. Climate change outreach, plant-animal interactions, Africa.
Schwalbe, Karen. Data analysis, administration, editing
Stabach, Jared, MS. Remote sensing, GIS, land cover mapping, Africa
Communications:
Braun, Elizabeth, MA. Director of Communications
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The WHRC’s work on REDD is conducted in collaboration with many partners. Foremost among these is the
Instituto de Pesquisa Ambiental da Amazonia (IPAM) in Brazil. Other partners in REDD work include:
Governmental and Inter-Governmental:
Cambodia, Forestry Administration
Democratic Republic of Congo, Ministry of the Environment,
Nature Conservation and Tourism
Brazil:
Ministry of the Environment (Federal)
State Government of Acre
State Government of Amazonas
State Government of Mato Grosso
UFAC- Universidade Federal do Acre (Brazil)
UFPA - Universidade Federal do Pará (Brazil)
UFMG - Universidade Federal de Minas Gerais
(Brazil)
UFV - Universidade Federal de Viçosa (Brazil)
Ghana Forestry Commission
IDEAM - Institute of Hydrology, Meteorology and
Environmental Studies (Colombia)
JAXA – Japan Aerospace Exploration Agency
NASA - National Aeronautics and Space Administration
The Regional Government of Madre de Dios (Peru)
UNAMAD - The National Amazonian University of
Madre de Dios (Peru)
Lao-PDR Department of Forestry
Uganda National Forestry Authority
UAP - The Amazonian University of Pando (Bolvia)
UMN - Université de Marien-Ngouabi (Republic of the Congo)
UN/FAO – United Nations Food and Agriculture Organization
UN/UNDP – UN Development Program
UN/UNEP – UN Environment Program
UWA - Uganda Wildlife Authority (Uganda)
VAST - Vietnamese Academy of Science and Technology
Vietnam, Department of Forestry
World Bank
Zambia Forestry Department

Non-Governmental Partners:
ASF – Alaska Satellite Facility (USA)
AT – Aliança da Terra (Brazil)
Climate Focus
BOS -- Boston University
CI – Conservation International
CIDOB - La Confederación Nacional de Pueblos Indígenas de
Bolivia
CNS – Conselho Nacional de Seringueiros (Brazil)
COICA - La Coordenadora de las Organizaciones Indigenas de la
Cuenca Amazonica (Amazon region)
CONFENIAE - La Confederación de las Nacionalidades
Indígenas de la Amazonia Ecuatoriana
EDF - Environmental Defense Fund (USA)
FAN-Bolívia, Fundacion Amigos de la Natureza (Bolivia)
FAS – Fundação Amazonas Sustentável (Brazil)
FIELD - Foundation for International Environmental Law
and Development (UK)
FVPP Fundação Viver, Produzir, Preservar (Brazil)
Fundación Pachamama
GBM, Green Belt Movement, Kenya
GCP - Global Canopy Programme (UK)
GEO - Group on Earth Observations
GTA – Grupo de Trabalho da Amazonia (Brazil)
Herencia (Pando, Bolivia)
ICV – Instituto Centro de Vida (Brazil)
IDESAM - Instituto de Conservação e Desenvolvimento
Sustentável do Amazonas (Brazil)
INCEF - International Conservation And Education Fund (US)
ISA – Instituto Socioambiental (Brazil)
JGI - Jane Goodall Institute (Uganda)
Meridian Institute (USA)
ODI - Overseas Development Institute (UK)
OPIAC - Organización de los pueblos indigenas de la
amazonia colombiana
RBG - Royal Botanical Garden (UK)
REDDnet
SARMAP
SOS - Amazonia (Acre, Brazil),
SPOT (Satellite Pour l’Observation de la Terre)
TCG – Terrestrial Carbon Group (Australia/USA)
TNC – The Nature Conservancy (USA)
UF - The University of Florida (USA)
WCS - Wildlife Conservation Society
WWF – World Wildlife Fund (US, Brazil)
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REDD is a new paradigm for rural development
The concept of REDD has advanced rapidly within international negotiations and is likely to become part of the
post-2012 UN climate treaty. As the design of the international REDD mechanism moves towards completion
over the coming years, there is an urgent need to turn greater attention to its implementation in developing
nations. For REDD to succeed, it must become much more than a system for merely paying people not to
farm in forest regions—for paying not to produce. It must become a new forest- and people-friendly model
of rural development. This is not a trivial task. Throughout history, “rural development” in forest regions has
followed a predictable pathway of an initial, often lawless, “boom” phase of natural resource exploitation that
often ends with the “bust” of natural resource depletion and economic stagnation (Figure 1). The rule of law
and governance capacity generally emerge late in this boom-bust cycle when the opportunity for sustainably
managing the natural resource base has been lost and the indigenous residents of the landscape have been
displaced. The REDD challenge is to achieve governance and the defense of public interests and existing claims
in forests and other natural resources early in the process of frontier expansion, well before these resources
are depleted, resulting in sustainable, forest-maintaining economies. The REDD proposal, therefore, is to
turn rural development on its head, using humanity’s interest in keeping carbon in tropical trees to achieve
governance before the forests are gone, and to recognize and protect the claims of forest peoples on these
resources.

Figure 1. In the typical “boom-and-bust” pattern of forest frontier expansion, forest clearing and degradation for agriculture,
ranching, logging, mining, and land-grabbing can provide a temporary boom of prosperity. Policies and institutional capacity
designed to defend public interests in forest resources and defend legitimate claims on these resources develop when most of the
resources have already been exploited. (1). In most nations, forest cover eventually expands again through forest regeneration on
abandoned lands or through tree plantations in what is commonly called the “forest transition”.

The obstacles to achieving this model are large, but not insurmountable. National or sub-national
governments must achieve fair, effective forms of governance over forested landscapes that are often vast,
poorly accessible, and dominated by powerful land- and resource-grabbing elites. Many nations have limited
institutional capacity to enforce the law or develop the policies and incentive structures under which an
equitable, forest-maintaining development pathway becomes possible. Many of the people who live in and
near tropical forests are poorly organized, economically marginalized, and lacking the basic knowledge with
which to participate in REDD program development in an informed way.
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Four important challenges and some ideas for meeting them:
Challenge 1:
Measuring and rewarding
performance
Only a small number of tropical nations
have high-resolution maps of their
forests, and fewer still are mapping
changes in forest cover and associated
emissions or uptake of carbon dioxide.
If we cannot monitor the performance
of nations in reducing carbon emissions
from deforestation and degradation
adequately, REDD will not succeed. And
if we can monitor, what is the most
efficient, effective, and equitable way of
allocating REDD funds?

Photo courtesy of David McGrath, WHRC.

Solutions: Looking Back Globally
The United Nations’ Forest Resource Assessments (FRAs) of the Food and Agriculture Organization are the
main source of information on nation-by-nation historical emissions from deforestation and forest degradation.
How much carbon has been emitted from forests to the atmosphere through human activities? The answer
to this question is surprisingly difficult to answer. WHRC1 produces estimates of carbon emissions from
forest clearing and degradation in the tropics based on data from the most recent FRAs (2, 3, 4). For the
entire tropics, the estimated net emissions from deforestation (sources) and afforestation (sinks), combined,
averaged 1.5 PgC/yr (billion tons carbon per year) for the period 1990-2005. The highest emissions were
from Latin America (0.71 PgC/yr) and tropical Asia (0.55 PgC/yr) and lowest from Africa (0.24 PgC/yr). Annual
estimates for the intervals 1990-1999 and 2000-2005 were generally similar, suggesting no systematic
increase or decrease in emissions over the last 15 years. Two countries (Brazil and Indonesia) accounted for
approximately 60% of total net emissions from tropical countries over the period from 1990 to 2006. About
25 countries accounted for 95% of total net emissions from deforestation. Alternative analyses produced
by WHRC scientists, based on different assumptions about the amount of biomass left on the land after
deforestation has taken place, suggest that average net emissions, for all the tropics, might have been as high
as 1.9 PgC/yr or as low as 0.9 PgC/yr. The broad range of emissions estimates does not represent the precision
with which changes in carbon can be measured with currently available techniques but, rather, how precisely
they are estimated when using the reported deforestation rates and average carbon densities for countries.
Results from one recent analysis can be found in Table 1.
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Table 1. Summary of the global carbon cycle (in billions tons of carbon). Half of human-induced emissions are
absorbed by the ocean and the land (4).
Global Carbon Budget 2000-2008
Sources (PgC/yr)
Fossil fuel + cement
7.7
Land use
1.4
Sinks (PgC/yr)
Atmospheric increase
Oceanic sink
Land sink
Residual

4.1
2.3
3.0
-0.3

Looking Back in the Congo Basin:
Historical satellite data and
field measurements allow us to
reconstruct the deforestation
history of nations.
The Congo Basin contains the
world’s second largest area
of contiguous tropical forest
(Figure 2). WHRC, together with
governmental and NGO partners,
works in several countries of this
region. The largest fraction of
forests in the Congo Basin is within
the Democratic Republic of Congo
(DRC). The WHRC estimated the
DRC’s forest carbon stocks to be 17
billion tons of carbon, the average
annual rate of deforestation
(between 1990-2000) at 1.1
million hectares, and associated
carbon emissions of 220 million
tons CO2 per year (5). In the Congo
Basin, forest degradation can be
a major source of greenhouse gas
emissions. Unlike deforestation,
which is relatively easily detected
from space, forest degradation
Figure 2. Forests and protected areas of Central Africa. Cameroon (1), Central African
caused by logging, undergrowth
Republic (2), Equatorial Guinea (3), Gabon (4), Republic of Congo (5), Democratic
removal, or fire, is difficult to
Republic of Congo (6) (http://www.whrc.org/africa/carbonmap2000.htm )
observe with satellites, meaning
that these sources of emissions
could be left out of the REDD mechanism (6). Data and maps are available through an interactive GIS ATLAS in
English http://atlas.whrc.org/drcemissions/ and a series of CDs in French.
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WHRC is working with logging companies and conservation organizations (e.g. the WCS) to monitor forest
degradation, species diversity, and forest regeneration processes in a permanent network of logged and
unlogged forest plots in the northern Republic of Congo and is expanding these studies to other locations. (7,
8)
Looking forward. High-resolution, wall-to-wall, cloud- and smoke-free maps of the world’s tropical forests, and
associated carbon stocks, will soon be available.
Forest cover: Because of frequent cloud cover and smoke over tropical areas, cloud- and smoke-penetrating
radar data are very useful for obtaining information on forest cover collected during the same narrow
time period and under consistent observation conditions. Since 2006, the Japan Aerospace Exploration
Agency’s (JAXA) ALOS/PALSAR sensor has collected annual high-resolution radar data under a global wallto-wall observation strategy. The first pan-tropical ALOS/PALSAR imaging of the world’s tropical forests was
completed in 2007. In collaboration with JAXA, the Alaska Satellite Facility, and SARMAP, WHRC scientists are
now developing the first high-resolution (ca. 15 m pixel) map of pan-tropical forest cover with an expected
completion by COP-16 (Figure 3). The data set will be freely available and can serve as a baseline to support
forest change mapping with high-resolution data sets from optical and radar data. More information and
access to the data sets can be found at http://whrc.org/pantropical.

Figure 3. The first pan-tropical forest cover map created from radar imagery of the ALOS/PALSAR sensor of the Japanese space
agency (JAXA).
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Forest biomass: WHRC scientists are involved in a complementary effort to estimate the distribution and
total amount of carbon stored in woody biomass across the tropics. The approach makes use of extensive
satellite canopy structure measurements made using data from the Geoscience Laser Altimeter System (GLAS),
calibrated with field measurements, and extended wall-to-wall using canopy reflectance maps produced
from the Moderate Resolution Imaging Spectrometer (MODIS). The capability of GLAS to measure the
three-dimensional vertical structure of vegetation in great detail for thousands of locations across the pantropical region is a powerful way to link optical MODIS data to the field-based biomass estimates. Utilizing
this technology, WHRC scientists have produced a map of pan-tropical carbon stored in aboveground woody
biomass (see Figure 4 and associated printed flyer). The map is currently being refined with additional field
measurements. (9, 10, 3)

Figure 4. A new map of tropical forest biomass based upon optical sensors (MODIS), laser (GLAS), and field measurements. (www.
whrc.org/policy/CopenhagenReports/assets/Biomass_COP15.pdf)

Who will measure? The challenge of measuring performance is not just can we measure but who will
measure. Tropical nations must have their own capacity to monitor their forests.
Forest communities: WHRC is working with forest communities to build this capacity. In-country workshops
have been conducted in Uganda, Bolivia, Colombia, Ecuador, and Vietnam. These workshops explore new
approaches to mapping and empower local communities to better manage their natural resources. WHRC’s
partners in this effort include COICA in South America, GBM in Kenya, FAN in Bolivia, the WCS, the Jane
Goodall Institute in Uganda, and various national and local forest authorities. (see, e.g. www.whrc.org/africa/
PAWAR/Workshops).
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A Global Network of Tropical Forest Scholars:
As part of the Pan-Tropical Mapping of
Forest-Cover and Biomass project, WHRC is
working with governments, NGOs and forest
communities within Latin America, Africa
and Southeast Asia to build local capacity
for forest monitoring through collaborative
development of the pan-tropical map of forest
cover and biomass. The objective is to inform
participants of ways they can monitor their
forests through forest carbon mapping, of
alternatives in forest resource management
and to encourage south-south collaboration
in mapping activities. So far, this three-year
project has engaged remote sensing scientists
and foresters from nine countries: Gabon,
Uganda, the Democratic Republic of Congo,
Zambia , Colombia, Vietnam, Bolivia, Kenya
Photo courtesy of Tina Cormier, WHRC.
and Laos. These scientists include specialist
from two regional NGOs, the GBM (Kenya), and
FAN (Bolivia). In 2009, the project accepted an invitation from COICA to hold three technical workshops on
measuring and monitoring forests in Ecuador, Colombia and Bolivia. Workshops have also been held in Uganda
and Vietnam with attendance from forest ministries, NGOs and civil society groups from nearly 20 countries.
For more information: http://www.whrc.org/pantropical.

Photo courtesy of WHRC.
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Support of GEO Forest Carbon Tracking: WHRC is working with GEO in the Forest Carbon Tracking Task Force
to support nations in the establishment of reporting systems for forest change and carbon estimation. The
GEO Task in Forest Carbon Tracking aims to facilitate access to long-term data sets of satellite, airborne and
in situ data, to provide the analysis and prediction tools, and create the appropriate framework and technical
standards for a global network of national forest carbon tracking systems. In this context WHRC is also
contributing to the Japan Aerospace Exploration Agency’s Kyoto and Carbon Initiative. For further information
see: http://www.geo-fct.org, http://www.eorc.jaxa.jp/ALOS/en/kyoto/kyoto_index.htm
Rewarding performance. Striking the right balance in efficiency, effectiveness, and equity.
Distributing international REDD incentives REDD is engaging tropical nations with a wide range of forest
areas, deforestation rates, and levels of future deforestation threat. Accommodating these national
circumstances within the same funding architecture in a way that is “effective” (reduces emissions to the
atmosphere), “efficient” (reduces costs), and “equitable” (distributes benefits fairly) is a big challenge. WHRC,
in collaboration with IPAM, has proposed a stock-flow approach to distributing REDD incentive payments in a
way that promotes the reductions of emissions in countries with high historical deforestation rates, but also
rewards nations that have maintained large areas of forest standing. This mechanism withholds a fraction
of the price paid for reductions relative to historical emissions. The funds raised through the withholding are
distributed to forest countries in the form of payments for standing forest stocks.
See: http://www.whrc.org/Policy/PoznanReports/assets/Stock%20Flow%20Mechanism.pdf and an update at:
http://www.whrc.org/resources/published_literature/pdf/Stock-flow%20mechanism_post-Poznan5.pdf
WHRC has also partnered with EDF, CI, TCG, and UEA in founding the Collaborative Modeling Initiative (CMI)
on REDD Economics. The CMI provides in-depth economic analysis of REDD policy design, yielding insight
into how to develop a mechanism that is environmentally effective, efficient, and equitable. This research has
found that the most effective designs balance incentives to reduce historically high deforestation emissions
with incentives to maintain historically low deforestation emissions. The stock-flow approach to structuring
REDD incentives emerges as the most cost-efficient solution among the proposed mechanisms (alongside a
cap and trade approach). [http://www.iop.org/EJ/article/1748-9326/4/4/044006/erl9_4_044006.pdf?requestid=d25cb15b-43fb-411f-9164-673334ab3c98]. The performance of the stock flow approach can be further
improved by introducing an emissions reduction target. Once a country has reached its target, the stock
payment ceases to be deducted from its emissions reduction payments; that is, the country receives the full
value associated with any further emissions reductions. [http://www.whrc.org/policy/PDF/Stock_Flow_June09.
pdf ] Design of reference levels also determines the equitability of the eventual REDD design.
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Challenge 2:
Meaningful stakeholder engagement in REDD
Many people in developing countries rely directly
on forests for their livelihoods. The promise and
potential of REDD is to serve as the nexus linking
climate mitigation, forest conservation, and
poverty alleviation. Effective policy formulation and
implementation requires the participation and
collaboration of many sectors of society. In order
to achieve this level of engagement, however, many
stakeholders in these sectors need better access to
information, improved communication, and capacitybuilding measures to prepare them for their potential
future role in REDD.

Photo courtesy of Connie Clark, WHRC

Solution: Build and support networks for information sharing and collaboration, and build
technical and institutional capacity to engage in REDD design and implementation
The Forum on Readiness for REDD
Following REDD negotiations in Bali in 2007, a representative subset of stakeholders agreed to initiate
the “Forum on Readiness for REDD”. The Forum is a politically neutral multi-stakeholder initiative to allow
various stakeholders involved in REDD readiness to build their understanding and capacity to increase SouthSouth dialogue, information exchange, knowledge transfer, and collaboration and consensus building on the
implementation of readiness activities. WHRC currently serves as the secretariat of the Forum, allowing it to
build on a history of WHRC-supported meetings and workshops in the Amazon region and the Congo Basin
to raise awareness and understanding about the potential role of REDD as a link between forests, climate,
and sustainable development. The Forum is guided by an Advisory Committee. Committee members include
representatives of developing
country governments, multi-lateral
institutions, non-governmental
organizations, and donors, and
reflects the diversity of regions
and stakeholders served by the
Forum (www.whrc.org/policy/
REDD).
In response to the growing need
among stakeholders for basic
information on the concept and
process of developing REDD
programs, WHRC has partnered
with INCEF to produce a short film
that introduces the basic concepts
of climate change, forest carbon,
and REDD for lay audiences. The
film is, thus far, in English, Spanish,

Photo courtesy of Wayne Walker, WHRC.
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French, Portuguese and Vietnamese. Inquiries on the film may be sent to readinessforum@whrc.org
The Forum held multi-stakeholder meetings in Vietnam, Cambodia, and Laos to share information on the
international REDD process and relevant activities in each country, as well as to initiate or strengthen networks
around the readiness process. The meetings, convened by the lead REDD agency of each government, were
a key early step in broad stakeholder engagement for each country. The Forum, in partnership with IDESAM,
FAS, and the Meridian Institute, also convened two workshops on REDD demonstration activities in Brazil
(www.whrc.org/Policy/REDD/manaus.htm).
In recognition of the vital role of Indigenous Peoples in the REDD process, the Forum, in collaboration with
COICA and the national indigenous network in each country, convened three national-level workshops on
REDD for Indigenous Peoples in Ecuador, Colombia and Bolivia. Partners in these workshops include EDF, IPAM
and the Pachamama Foundation.
To provide basic information on readiness activities around the world, WHRC has assembled a background
document that gives a snapshot of readiness activities at the regional and national scale. “An Overview of
Readiness for REDD” was updated in 2009, and can be downloaded at www.whrc.org/cop15 In collaboration
with the TheREDDdesk.org project, (with GCP and REDDnet/ODI), the Forum is creating an open, non-partisan
and broadly accessible knowledge platform to support these needs for the benefit of the REDD community.
The REDDdesk site launched its first phase in December 2009. To inform the future direction and further
development of the REDDdesk.org project, WHRC is conducting a survey of individuals representing a broad
spectrum of stakeholder groups in REDD to identify gaps in REDD information availability and utility.
The effective participation of developing country delegations in the UNFCCC process is vital to insure that
an international REDD instrument provides the necessary framework and flexibility for effective national
implementation. In response to requests from developing country delegations, the Forum, together with
Climate Focus, Meridian Institute, and FIELD, convened a workshop during the UNFCCC’s negotiating session in
Bangkok, Thailand, focusing specifically on negotiator training for developing country delegates.
A history of support for Amazon forest peoples
The Forum builds on WHRC’s long history of support for the participation of Amazon forest people leaders
in REDD negotiations. This work, carried out in collaboration with IPAM, EDF, COICA, CNS and GTA, began
during COP-5 and has focused on support for participation in REDD negotiations by forest peoples’ leaders,
for meetings and workshops in South America, and for technical and scientific support in the formulation of
proposals (11).
Engaging the drivers of deforestation
The likelihood of REDD success will be greater if the industries that drive deforestation support it. WHRC
work extends beyond support to forest peoples to engage the soy and beef industries of the Brazilian Amazon
in market transformations that are gradually eliminating deforestation from the supply chain (12,13). This
engagement is through support for the Responsible Soy Roundtable and national dialogues within Brazil.
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Challenge 3: Putting REDD into practice at national, state, and project scales
For REDD to realize its potential, it must be fully integrated into national and subnational policies and
institutions, effectively engaging those who actually control forests at the local level. Pilot projects are
important and can help inform this process, but, alone, will not achieve success in REDD.

Solution: Systemic support in Brazil and Nations of the Congo Basin
REDD is moving towards full implementation most rapidly in the Brazilian Amazon region. In the Congo Basin, it
will take longer for REDD to come to fruition. By working in both regions, the WHRC helps provide a conduit for
lessons, approaches, and people.
Brazil and the Congo Basin Nations: Contrasting Contexts for REDD
The Amazon and Congo Basins contain the two largest blocks of tropical forest on Earth, encompassing 5.1 and
1.9 million km2 respectively. Land use patterns and governance capacity of Brazil (which contains 60% of the
Amazon forest area) and countries of the Congo Basin contrast sharply, and these differences influence their
approaches to REDD. Brazil has a history of high deforestation rates driven by government settlement plans,
agricultural policies, and a globalized agribusiness sector. Congo Basin countries have had low deforestation
rates because of limited economic development, political turmoil, and low population densities in most
forested areas. Brazil has a well-developed bureaucracy, strong grassroots movements, a high degree of civil
society engagement in policy debates, and the most ambitious environmental legislation in the world. Congo
Basin countries, in contrast, have relatively poorly developed civil societies and little technical and financial
capacity at the government level. Brazil is a world leader in the use of satellite imagery to monitor changes
in forest cover, while Congo basin countries are only now developing the capacity to use satellite imagery.
Finally, Brazil is leading global efforts to reduce emissions from deforestation (Figure 5), as worldwide demand
for petroleum, diamonds, timber, gold, palm oil and cobalt threaten to accelerate economic activities and
associated deforestation and forest degradation in the Congo Basin. As a result of these differences, these two
regions face very different challenges with respect to designing and implementing REDD programs, including
determining reference levels, designing and implementing monitoring and accounting programs, developing
mechanisms for benefit distribution that are equitable and involve a broad spectrum of stakeholders, and
ensuring that REDD-related emissions reductions targets are achieved.
Brazil - Putting REDD into practice
The WHRC’s work in Brazil is described in a separate document and is summarized here. Brazil is, historically,
the world’s biggest deforester, having cleared an average of 19,500 km2 each year from 1996 to 2005. Brazil
could end deforestation in the Amazon region by the year 2020, with 80% of the forest still standing, because
of two important opportunities (Figure 5) (13). First, the soy and beef industries that drive most deforestation
in the Amazon region are moving towards market-wide rejection of farmers and cattle ranchers engaged in
the clearing of Amazon forests. Second, Brazil has committed to reducing deforestation to 20% of its historical
value by the year 2020, a commitment that prompted a $1 billion “challenge grant” from Norway. If Brazil
maintains and deepens its deforestation reduction, it can tap into the Norway funds, which have already
started to flow. Brazil’s achievement in slowing deforestation was assisted by the economic retraction of
the soy and beef industries. The challenge in ending deforestation by 2020 will increase as the profitability
of these industries begins to soar. We estimate that the cost of supporting forest peoples and smallholder
farmers in their transition to low-deforestation livelihoods, compensation of the opportunity costs of private
land forest conservation, protected area management, and enforcement will cost $7 to $18 billion from 2010
to 2020 (13).
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Figure 5. Historical deforestation in the Brazilian Amazon and three scenarios for the future. Projected future
deforestation assumes trends through 2003 continue (14,15). The Brazilian target and a pathway to end
deforestation are the second and third scenarios. (13)
To help achieve this historical milestone, WHRC and IPAM have provided REDD technical assistance to
federal and state governments. Most recently, a system for allocating the Norway contribution (and future
contributions) among Amazon states through the “Amazon Fund” has been proposed. WHRC scientists are
part of the Fund’s technical committee and on the state of Acre’s REDD delegation, and are providing REDD
program design support directly to the state governments of Mato Grosso, Acre, and Amazonas. (Partners:
IPAM, EDF, MT-SEMA, TNC, ICV).
Participatory regional development and conservation
planning: Over the last ten years there has been a
revolution in regional planning in the Amazon basin. Nongovernmental organizations and grass-roots groups are
leading participatory planning of regional development
in response to threats of highway paving and watershed
degradation. IPAM and WHRC have been involved in
three major initiatives: the MAP (named after the states/
provinces of Madre de Dios-Acre-Pando) planning process
along the Interoceanic Highway in the southwest Amazon,
the BR-163 highway corridor in western Pará and the
upper Xingu Basin in the state of Mato Grosso. In recent
years, two of these initiatives have begun to develop
REDD pilot projects (MAP, Xingu); the target area of each
pilot is larger than most tropical nations.
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Photo courtesy of Foster Brown, WHRC.

Figure 6. Regional participatory planning along new
transportation corridors in the Amazon, such as the “soy
highway” pictured here (BR-163) (16), will be an important
component of REDD programs. The process along the BR163 galvanized political support and led to the creation of
24 million hectares of new protected areas (17). This map
show the corridor at the beginning of this process.

The three regional planning processes differ in their characteristics and objectives. The MAP initiative has
a large and diverse group of participants with leadership from NGOs such as IPAM and WHRC and strong
involvement of regional universities and state governments, as well as grassroots organizations. It has
functioned largely as a forum for discussing the development of the MAP region. The BR-163 highway
initiative is strongly grassroots based. Concerned that paving the highway would set off a frenzy of land
speculation, illegal logging deforestation, and land conflicts, IPAM, WHRC, FVPP and, later, ISA launched a
regional participatory planning process that eventually involved more than a hundred local organizations
in the preparation of a major proposal for the sustainable development of the region that has now been
partially implemented by the government (16, 17) (Figure 6). The Xingu River headwaters region’s “Xingu
Socio-Environmental Carbon” project is led by ISA, IPAM, AT, WHRC, EDF, and ICV (Figure 7) (18). This project
involves indigenous groups, smallholders, ranchers and industrial farmers.
One important aspect of WHRC-IPAM’s role in these three initiatives is the emphasis on injecting science into
the planning process (16, 18). In all three cases WHRC and IPAM researchers have worked with grassroots
leaders, farmers, ranchers, and other partners to analyze processes of land use change, document the
economic and ecological impacts of these changes, and construct spatial models to project future patterns of
deforestation and land use based on different policy assumptions. Partners: IPAM, FVPP, AT, ISA, ICV, EDF
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Engaging cattle ranchers and soy farmers in REDD: REDD’s success in the Brazilian Amazon may depend upon
identifying and rewarding those private landholders who are committed to responsible land stewardship.
The potential for achieving support for REDD among the soy and beef industries is very high given the
market’s trend toward rejection of ranchers and soy farmers who are engaged in deforestation (13, 12, 19).
To address this need, AT, IPAM, and WHRC have designed and implemented a land registry in the Amazon
in which landholders assume formal commitments to improve the management of their properties that are
then audited. The initiative, called the “Cadastro de Compromisso Socioambiental” (the “Registry of SocioEnvironmental Responsibility”), has now attracted the voluntary participation of roughly 200 property-holders
with total holdings of two million hectares. Beef processing companies and soy trading groups are beginning
to acquire cattle and soy through the Cadastro. It has also attracted carbon investments in riparian zone forest
restoration from Rabobank.
Support for low-deforestation livelihoods among Amazon smallholders:
Amazon forest peoples include indigenous groups, traditional peoples,
and colonists/smallholders. We define Amazon smallholders to include
recent colonists and others who have lived in the Amazon for one or two
generations and are engaged in farming and forest extractive activities.
This is the most populous group (600,000 families) and is responsible
for most of the deforestation associated with forest peoples. High rates
of deforestation by smallholders are due in large part to the difficult
structural conditions that many smallholder groups face, including
ambiguous land tenure, conflicts with commercial loggers, ranchers and
land speculators, little or no government presence to enforce legislation
and protect smallholders, precarious roads, and lack of technical
assistance in forest management and sustainable agricultural production.
These conditions lead many smallholders to adopt short-term, low risk
economic strategies that involve mining forest resources by selling off
timber to commercial loggers (20), clearing forest for annual crops and
converting harvested fields to pasture. Because crops are produced
Photo courtesy of Dan Nepstad, WHRC.
via shifting cultivation, there is a high frequency of accidental fires that
further degrade logged forests and discourage investments in perennial
crops (21). The result is a general trend towards extensive small-scale
cattle ranching and the degradation of remaining forest resources.
The foundations for development of REDD programs for smallholders have been initiated in many parts of
the Amazon. In these areas there are established smallholder organizations that have developed innovative
programs to provide technical assistance in sustainable agricultural practices and access to markets. One
important initiative is the Proambiente Program, developed with support from WHRC and IPAM, that involves
payments to smallholders for environmental services they provide through sustainable management of their
farms. Several large REDD pilot projects have been implanted in the Amazon region, including one in the
Transamazon Region, led by IPAM and FVPP, and another in Acre in the Southwest Amazon.
In general, REDD programs for smallholders must address the main structural deficiencies described earlier.
We propose a four-part REDD strategy: (a) work to secure tenure rights for smallholder farmers, (b) strengthen
smallholder organizational capacity and develop co-management institutions, (c) provide technical assistance
to smallholder organizations in forest management, development of forest-based industries, (22, 23) and
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integration with agriculture, and (d) design REDD compensation programs for smallholder families as a
transitional strategy that provides incentives for families to develop sustainable economic strategies consistent
with the sustainable management of their forest resources. Partners: IPAM, FVPP, GTA.
Building capacity for assessment: integrated simulation modeling. To achieve full REDD integration with
national and state/province policies and institutional agendas, tropical nations will need greater capacity in
integrated simulation modeling. The Amazon Scenarios project, created by WHRC, UFMG, and IPAM, has
built a policy-sensitive modeling system that simulates future trends in deforestation, logging, river discharge,
forest ecosystems and carbon stocks, and
fire. Free software for the model, called
“Dinamica-EGO” was developed by UFMG
and is available online. One example
of a recent application of this model is
a spatial map of the opportunity costs
that will be associated with REDD in the
Brazilian Amazon region (Figures 5, 7) (14,
24, 13). This modeling framework has
been employed by the state government
of Amazonas, by several REDD pilot
projects, and is currently being used in
support of the MAP REDD pilot. The REDD
pilot project in the MAP region includes
training and workshops in simulation
modeling.
Photo courtesy of David McGrath, WHRC.

Figure 7. Map of the Brazilian Amazon showing estimated opportunity costs (per ton of forest CO2e) of forest conservation
associated with forgone profits from soy and cattle ranching (13). The Amazon Scenarios modeling system has been used for
integrated assessments in support of REDD pilot projects at state- and regional levels in South America.

Support to the Congo Basin as it Prepares for REDD
The implementation of land-use strategies that balance the needs of the rural poor with forest conservation
and national economic development remains one of the greatest challenges to the implementation of REDD
in Central Africa. Unlike the Brazilian Amazon, where progress in land-use planning has been supported by
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policy innovations and an active civil society (e.g. IPAM, IMAZON, IDESAM), progress in the Congo Basin has
been slowed by weak institutional and technical capacity at both government and civil society levels. In brief,
there is a gap between the existing capacity and the skills necessary to conserve and manage tropical forests
within the broader development framework of REDD. As a result, Congo Basin nations have often relied on
the international community to meet the challenges of the coming decades, a strategy that is not conducive to
long-term, sustainable management of forests.
The success of REDD in the Congo Basin will thus depend on the creation and strengthening of national-level
institutions that are able to deliver emissions reductions. WHRC is preparing to support Congo Basin countries
in their efforts to reduce deforestation and forest degradation through (a) building technical capacity within
government and civil society, and (2) providing data and technical assistance to national forest monitoring
programs. Specifically, WHRC in collaboration with partner institutions (e.g. WCS) is developing a multidisciplinary training program in forest stewardship to increase knowledge of REDD and foster the technical and
organizational skills required for successful forest management and conservation.
Support to REDD in the Albertine Rift region of eastern Africa
Effective REDD strategies will depend upon understanding and supporting the people who live in and near
tropical forests in their transition towards low-deforestation livelihoods. Much of the threat to forest in the
eastern Congo Basin and Albertine Rift, for example, comes not from industrial logging and agriculture but the
drive for agricultural land from a predominantly subsistence farming economy. Forest dependant households
need to be fully integrated into the design of REDD implementation strategies and the welfare impacts of
REDD-sponsored development projects, especially in relation to forest conservation. REDD land use change
incentive schemes must be targeted directly to rural households and are a means of delivering defined
welfare benefits under the direct control of households and should be tailored to the local characteristics of
these households. The WHRC’s work on household economies and REDD in Africa has been launched in the
Albertine Rift region

Challenge 4: Avoiding perverse ecological and social effects
Will REDD cause a wave of agricultural expansion into low-carbon savannas and grasslands? Will industrial
tree plantations substitute forests? Will logging companies be beneficiaries?
In addition to playing a central role in the global carbon cycle and climate system, the world’s forests
contribute vital ecosystem services that regulate and maintain natural landscapes and provide resources upon
which human populations rely. A well-designed REDD mechanism has the potential to contribute to climate
change mitigation not only through reducing emissions and enhancing removals of carbon dioxide, but also
through the preservation and enhancement of healthy, robust forest ecosystems and services.

Solution: Fostering understanding of the potential ecological costs and cobenefits of REDD
REDD should provide numerous ecological cobenefits. The costs are predictable and can be avoided, as
demonstrated for the Xingu River headwaters.
Important concerns have been raised about the potential risks that REDD poses in driving the replacement
of low-carbon natural ecosystems, such as savannas, woodlands, and grasslands, by tree plantations, and in
deflecting agricultural expansion into these same ecosystems. In a review of the potential ecological costs
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and benefits of REDD, WHRC scientists and collaborators found that the potential benefits are extensive and
the potential costs can be prevented through integrated land use planning (18). In addition to serving as
storehouses of carbon, tropical forests are critical to the maintenance of aquatic and terrestrial habitat for
floral and faunal biodiversity, soil and biogeochemical processes, watershed functions, and local and regional
climate processes (25, 18). WHRC scientists and collaborators recently coupled a global climate model with a
vegetation model to examine the complex effects of deforestation on regional river flow and climate in Amazon
watersheds. In the 750,000 km2 Tocantins/Araguaia River of eastern Amazonia, where deforestation exceeds
50% of the landscape, transpiration has already been significantly reduced and discharge increased by 25%
(25), (Figure 8). With future deforestation, rainfall is likely to decrease through a decline in evapotranspiration;
this may cause a strong decrease in river discharge that will not be limited to those basins where deforestation
has occurred.

Figure 8. REDD has the potential to protect and restore hydrological functions. Forests generally release more water vapor to the
atmosphere (through evapotranspiration-ET) than the crops and pastures that replace them, maintaining regional rainfall systems
(precipitation, P) and regulating the flow of water into streams and rivers. Water draining from forest watersheds is less likely to
flow overland (run-off, R) than water leaving cropfields and pastures, and, therefore, is less likely to provoke erosion. (www.whrc.org/
cop15/pdf/Coe_A80.pdf)

Analysis of possible REDD program interventions by WHRC and collaborators for the upper Xingu River basin
(~178,000 km2) of southeastern Amazonia indicates that even modest flows of forest carbon funding can
provide substantial co-benefits for aquatic ecosystems, but that the functional integrity of the landscape’s
myriad small watersheds would be best protected under a more even spatial distribution of forests (18). A
possible REDD program based on the state land-use zoning plan (Zoning) could lead to avoided emissions of
over 300 million tCO2e over a 10-year period relative to a business-as-usual (BAU) scenario (Figure 9). This plan
would simultaneously regulate river discharge, protect climate-maintaining evapotranspiration, improve water
quality and aquatic and terrestrial habitat.
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Figure 9. The Xingu River headwaters region, of southeastern Amazon, Brazil, is larger than 90% of tropical forest
nations, and is the focus of a regional planning process that could result in a large-scale REDD pilot program.
Implementation of existing policy instruments, such as the ecological/socio-economic zoning plan, could result in an
emissions reduction of 300 million tCO2e during 10 years relative to the business-as-usual scenario. Here, current
land cover is compared to modeled cover in 2025 for BAU and under the zoning plan (18, 26). Diagonal lines indicate
protected areas.

The timber industry, properly managed, could play a positive role ecologically and socially.
As tropical nations begin to plan their REDD programs, most will be faced with the task of governing their
timber industries. Logging is one of the dominant land uses of tropical forests (27, 28); and because it occurs
over such a large area, forest degradation from timber harvest leads to carbon losses of the same magnitude
as those from deforestation (27). Logging operations also result in extensive road networks (6) that draw
people into frontier forests: immigrants moving into forests deplete wildlife for animal protein and financial
benefit, often weakening the authority of local people to manage and exploit forests (29, 8). Despite these
detrimental impacts, logging results in lower carbon emissions than other forms of land-use such as agriculture
and pasture. (30)
There is considerable and valid concern with the prospect of a role for the timber industry in REDD. Critics
suggest that incorporating logging into REDD would: 1) attract resources away from other REDD activities; 2)
dispossess rural communities of their management and access rights to forests; and 3) lead to large scale forest
degradation without national capacity to monitor operations or enforce standards of sustainable management.
However, timber is one of the most easily captured economic values of tropical forests and, properly managed,
could play a positive role in REDD programs. By setting standards for “responsible” operations and limiting
participation in REDD to operations that meet such standards, REDD could improve practices across the
industry and increase the economic competitiveness of responsible companies. For example, reducedimpact-logging -- an essential component of responsible timber harvesting prescriptions -- can be both
profitable and can maintain carbon stocks and biodiversity (31). IF RIL practices were broadly adopted by the
Brazilian Amazon timber industry, $4.8 billion in annual profits and $1.8 billion in annual tax revenues could
be sustained in perpetuity (32). In Central Africa, wildlife populations could be maintained if companies take
appropriate management measures (7). Different arrangements for working with the logging industry (e.g.,
community-company contracts or private sector partnerships for conservation) show promise for promoting
conservation, rights of rural people, and responsible management of forest estates (20, 33, 8).
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The Challenge Ahead
During the next three years, REDD must move quickly beyond international negotiations to become the central
organizing principle of national planning for forest- and people-friendly rural development in developing
nations. In many countries, the policies, institutions, and knowledge do not yet exist for this to happen. The
challenge can be summarized in Figure 10, showing an alternative pathway of forest frontier expansion that
fosters enduring prosperity and the maintenance of tropical forests.

Figure 10. Under REDD, tropical forests are maintained during frontier expansion as jobs, income, and prosperity
gradually increase over the years.

For more information, please contact:
Daniel Nepstad			
or		
Senior Scientist					
Woods Hole Research Center				
dnepstad@whrc.org					

Elizabeth Braun
Director of Communications
Woods Hole Research Center
ebraun@whrc.org

23

References Cited:
1. Nepstad, D.C. 2005. Governing the world’s forests, p. 37-52, In B. Babbitt and J. Sarukhan, eds. Conserving Biodiversity. Aspen
Institute, Washington, D.C.
2. Houghton, R.A. 2009. Emissions of carbon from land management. Background note for Development and Climate Change. World
Development Report 2010. The World Bank, Washington, DC.
3. Houghton, R.A., F. Hall, and S.J. Goetz. 2009. Importance of biomass in the global carbon cycle. Journal of Geophysical Research
114, G00E03, doi:10.1029/2009JG000935.
4. Le Quéré, C., M.R. Raupach, J.G. Canadell, G. Marland, L. Bopp, P. Ciais, T.J. Conway, S.C. Doney, R.A. Feely, P. Foster, P.
Friedlingstein, K. Gurney, R.A. Houghton, J.J. House, C. Huntingford, P.E. Levy, M.R. Lomas, J. Majkut, N. Metzl, J.P. Ometto,
G.P. Peters, I.C. Prentice, J.T. Randerson, S.W. Running, J.L. Sarmiento, U. Schuster, S. Sitch, T. Takahashi, N. Viovy, G.R. van
der Werf, and F.I. Woodward. 2009. Trends in the sources and sinks of carbon dioxide. Nature GeoSciences.
5. Laporte, N., F. Merry, A. Baccini, S. Goetz, R.A. Houghton, J. Stabach, and M. Bowman. 2008. Réduire les emissions de CO2 liées
au déboisement et à la dégradation dans la République Démocratique du Congo: Une étude exploratoire. Woods Hole
Research Center, 30p. http://www.whrc.org/policy/BaliReports/assets/Africa_Bali_Booklet-FR.pdf
6. Laporte, N.T., J.A. Stabach, R. Grosch, T.S. Lin, and S.J. Goetz. 2007. Expansion of Industrial Logging in Central Africa. Science
19:3537-3550.
7. Clark, C.J., J.R. Poulsen, R. Malonga, and P.W. Elkan Jr. 2009. Logging Concessions Can Extend the Conservation Estate for Central
African Tropical Forests. Conservation Biology 23:1281–1293. doi:10.1111/j.1523-1739.2009.01243.x.
8. Poulsen, J.R., C.J. Clark, G. Mavah, and P.W. Elkan. 2009. Bushmeat supply and consumption in a tropical logging concession in
northern Congo. Conservation Biology 23:1597-1608.
9. Baccini, A., N. Laporte, S.J. Goetz, M. Sun, and H. Dong. 2008. A first map of tropical Africa’s above-ground biomass derived from
satellite imagery. Environmental Research Letters (3)045011 doi: 10.1088/1748-9326/3/4/045011.
10. Goetz, S.J., A. A. Baccini, N.T. Laporte, T. Johns, W. Walker, J. Kellndorfer, R.A. Houghton, and M. Sun. 2009. Mapping and
monitoring carbon stocks with satellite observations: a comparison of methods. Carbon Balance and Management 4:2
doi:10.1186/1750-0680-4-2.
11. Nepstad, D.C., S. Schwartzman, B. Bamberger, M. Santilli, D.G. Ray, P. Schlesinger, P.A. Lefebvre, A. Alencar, E. Prins, G. Fiske, and
A. Rolla. 2006. Inhibition of Amazon deforestation and fire by parks and indigenous lands. Conservation Biology 20:65-73.
12. Nepstad, D.C., C.M. Stickler, and O.T. Almeida. 2006. Globalization of the Amazon soy and beef industries: opportunities for
conservation. Conservation Biology 20:1595-1603.
13. Nepstad, D., B.S. Soares-Filho, F. Merry, A. Lima, P. Moutinho, J. Carter, M. Bowman, A. Cattaneo, H. Rodrigues, S. Schwartzman,
D.G. McGrath, C. Stickler, R. Lubowski, P. Piris-Cabezas, S. Rivero, A. Alencar, O. Almeida, and O. Stella. 2009. The End of
Deforestation in the Brazilian Amazon. Science 326:1350-1351.
14. Soares-Filho, B.S., D.C. Nepstad, L.M. Curran, G.C. Cerqueira, R.A. Garcia, C.A. Ramos, E. Voll, A. McDonald, P. Lefebvre, and P.
Schlesinger. 2006. Modelling conservation in the Amazon basin. Nature 440:520-523.
15. Nepstad, D.C., C.M. Stickler, B. Soares-Filho, and F. Merry. 2008. Interactions among Amazon land use, forests and climate:
prospects for a near-term forest tipping point. Phil. Trans. R. Soc. B 363:1737-1746.
16. Nepstad, D.C., D. McGrath, A. Alencar, C. Barros, G.O. Carvalho, M. Santilli, and M.d.C. Vera Diaz. 2002. Frontier governance in
Amazonia. Science 295:629-631.
17. Campos, M.T., and D.C. Nepstad. 2006. Smallholders, the Amazon’s new conservationists. Conservation Biology 20:1553-1556.

24

18. Stickler, C.M., D.C. Nepstad, M.T. Coe, D.G. McGrath, H.O. Rodrigues, W.S. Walker, B.S. Soares-Filho, and E.A. Davidson. 2009. The
potential ecological costs and cobenefits of REDD: a critical review and case study from the Amazon region. Global Change
Biology 15:2803–2824.
19. Nepstad, D., and C.M. Stickler. 2008. Managing the tropical agriculture revolution. Journal of Sustainable Forestry 27:43-56.
20. Nepstad, D.C., C. Azevedo-Ramos, and E. Lima. 2005. Governing the Amazon timber industry for maximum social and
environmental benefits. Forests, Trees and Livelihoods 15:183-192.
21. Nepstad, D.C., G.O. Carvalho, A.C. Barros, A. Alencar, J.P. Capobianco, J. Bishop, P. Moutinho, P.A. Lefebvre, U.L. Silva, and E. Prins.
2001. Road paving, fire regime feedbacks, and the future of Amazon forests. Forest Ecology and Management 154:395-407.
22. McGrath, D.G., C.M. Peters, and A.J.M. Bentes. 2004. Community forestry for small-scale furniture production in the Brazilian
Amazon, p. 200-220, In D. Zarin, et al., eds. Working forests in the Neotropics: Conservation Through Sustainable
Management? Columbia University Press, New York.
23. Lima, E., F. Merry, D.C. Nepstad, G. Amacher, C. Azevedo-Ramos, P.A. Lefebvre, and F. Resque. 2006. Searching for Sustainability:
Forest Policies, Smallholders, and the Trans-Amazon Highway Environment 48:36.
24. Nepstad, D., B. Soares-Filho, F. Merry, P. Moutinho, A. Rodrigues, S. Schwartzman, O. Almeida, and S. Rivero. 2007. Reducing
Emissions from Deforestation and Forest Degradation (REDD): The Costs and Benefits of Reducing Carbon Emissions from
Deforestation and Degradation in the Brazilian Amazon. A Report for the United Nations Framework Convention on Climate
Change (UNFCCC) Conference of the Parties (COP), Thirteenth Session, 3-14 December 2007. Woods Hole Research Center,
Bali, Indonesia.
25. Coe, M.T., M.H. Costa, and B.S. Soares-Filho. 2009. The Influence of historical and potential future deforestation on the stream
flow of the Amazon River -- Land surface processes and atmospheric feedbacks. Journal of Hydrology 369.
26. Stickler, C.M. 2009. The economic and ecological trade-offs of alternative land-use policies on private lands along the Amazon’s
agro-industrial frontier, Ph.D. Dissertation, University of Florida.
27. Nepstad, D.C., A. Veríssimo, A. Alencar, C.A. Nobre, E. Lima, P.A. Lefebvre, P. Schlesinger, C. Potter, P.R.d.S. Moutinho, E. Mendoza,
M.A. Cochrane, and V. Brooks. 1999. Large-scale impoverishment of Amazonian forests by logging and fire. Nature 398:505508.
28. Laporte, N.T., S. Lin, J. LeMoigne, D. Devers, and M. Honzak. 2004. Toward an Integrated Forest Monitoring System for Central
Africa, In G. Gutman, ed. Land Change Science: Observation, Monitoring, and Understanding Trajectories of Change on the
Earth Surface. ISBN: 1-4020-2562-9, p 97-110.
29. Poulsen, J.R., C.J. Clark, and G. Mavah. 2007. Wildlife management in a logging concession in Northern Congo: can livelihoods be
maintained through sustainable hunting? p. 140–157, In G. Davies and D. Brown, eds. Bushmeat and livelihoods. Blackwell
Publishing, Oxford, United Kingdom.
30. Houghton, R.A. 2005. Tropical deforestation as a source of greenhouse gas emissions p. 13-21, In P. Moutinho and S.
Schwartzman, eds. Tropical Deforestation and Climate Change. Amazon Institute for Environmental Research, Belém, Pará,
Brazil.
31. Azevedo-Ramos, C., B.D.d. Amaral, D.C. Nepstad, B. Soares Filho, and R. Nasi. 2006. Integrating ecosystem management,
protected areas, and mammal conservation in the Brazilian Amazon. Ecology and Society 11:17. http://www.
ecologyandsociety.org/vol11/iss2/art17/.
32. Merry, F., B.S. Soares-Filho, D. Nepstad, G. Amacher, and H. Rodrigues. 2009. Balancing Conservation and Economic Sustainability:
The Future of the Amazon Timber Industry. Environmental Management DOI 10.1007/s00267-009-9337-1.
33. Menton, M., F. Merry, A. Lawrence, and N. Brown. 2009. Company-community logging contracts in Amazonian settlements:
impacts on livelihoods and NTFP harvests. Ecology and Society 14:182-199.

25

Other Selected References from the WHRC:
Almeida, A.S.d., T.A. Stone, I.C.G. Vieira, and E.A. Davidson. 2009. Non-frontier deforestation in the eastern Amazon. Earth
Interactions, in press.
Canadell, J.G., M.R. Raupach, and R.A. Houghton. 2009. Anthropogenic CO2 emissions in Africa. Biogeosciences 6:463-468.
Davidson, E.A., T.D. de A. Sá, C. J.R. Carvalho, R.O. Figueiredo, M.S.A. Kato, O.R. Kato, and F.Y. Ishida. 2008. An integrated greenhouse
gas assessment of an alternative to slash-and-burn agriculture in eastern Amazonia. Global Change Biology 14:998–1007.
Devos, C.S., D. Morgan, J.R. Onononga, N. Laporte, and M.C. Huynen. 2008. Comparing ape densities and habitats in northern Congo:
surveys of sympatric gorillas and chimpanzees in the Odzala and Ndoki regions. American Journal of Primatology 70:439451.
FAO. 2006. Global Forest Resources Assessment 2005. Food and Agriculture Organization of the United Nations Rome.
Intergovernmental Panel on Climate Change. 2007. Climate Change 2007: The Physical Science Basis. Contribution of Working Group I
to the Fourth Assessment Report of the IPCC Cambridge University Press, Cambridge.
Johns, T., F. Merry, D. Nepstad, N. Laporte, and S. Goetz. 2008. Coupling political and economic options to address the range of
developing country circumstances on REDD. International Forestry Review 10:458-464.
Laporte N.T, W. Walker, J. A. Stabach, and F. Landsberg, 2008. Monitoring Forest-Savanna Dynamics in Kibale National Park with
Satellite Imagery (1989-2003): Implications for the Management of Wildlife Habitat, in “Science and conservation in African
forests: how long-term research promotes habitat protection.” Edited by Richard Wrangham & Elizabeth Ross.
Martins, O. S., A. Alencar, C. Stickler, P. Moutinho, R. Rettmann, E. Pinto, and I. de Castro. 2009. Paving the REDD Road in the Brazilian
Amazon. Launched in Boon – SBSTA Meeting. Available in: www.climaedesmatamento.org.br/biblioteca.
Moutinho, P., M. Cenamo, and P. Moreira. (2009). Reducing Carbon Emission by Slowing Deforestation: Initiatives in Brazil.
Deforestation: Prospects for Mitigating Climate Change. Charles Palmer (ed). Routledge Explorations in Environmental
Economics Series (series editor: Nick Hanley).
Moutinho, P. (2008). Tropical Forest, Deforestation and Climate Change: The Amazon Case. Heinrich Böll Stifitung, Berlin (available at
http://www.boell.de/oekologie/klima/klima-energie-1993.html).
Pinto, E., P. Moutinho, and L. Rodrigues. (2008). Questions and answers on global warming. IPAM. Belém, Pará, Brasil (in Portuguese).
Fifth edition.
Schwartzman, S and P. Moutinho (2008). Compensated Reductions Rewarding Developing Countries for Protecting Forest Carbon. In
Forestry and Climate Change, Charlotte Streck and Robert O’Sullivan (ed), Oxford University Press.
Soares Filho, B. L. Dietzsch, P. Moutinho, A. Falieri, H. Rodrigues, E. Pinto, C. C. Maretti, K. Suassuna, C. A. de M. Scaramuzza, M.
Lanna, and F. V. de Araújo (2008). Reducing Carbon Emissions from Deforestation: the Role of ARPA’s Protected Areas in the
Brazilian Amazon. Available in: www.climaedesmatamento.org.br/biblioteca.
Teixeira, A.M.G., B.S. Soares-Filho, S.R. Freitas, and J.P. Metzger. 2009. Modeling landscape dynamics in an Atlantic Rainforest region:
Implications for conservation. Forest Ecology and Management 257:1219–1230.

26

