
ABSTRACT 

LIN, LIWEI.  Geography of REDD+ at Multiple Scales: Country Participation and Project 
Location.  (Under the direction of Erin Sills.) 
 

Reducing Emissions from Deforestation and forest Degradation (REDD+) has gained 

momentum as a climate mitigation strategy that can be implemented at multiple scales.  

Internationally, REDD+ readiness funds distributed by multilateral organizations facilitate 

capacity building in developing countries.  Sub-nationally, REDD+ projects that aim to 

capture carbon funding are implemented throughout tropical countries.  In the first essay, I 

analyze allocation patterns of REDD+ readiness funds from UN-REDD, World Bank Forest 

Carbon Partnership Facility (FCPF) and Forest Investment Program (FIP).  The results show 

that donor interests have a larger impact on the allocation patterns than recipient needs.  In 

the second essay, I examine determinants of sub-national REDD+ project site-selection in 

Brazil, Indonesia and Tanzania.  The results suggest REDD+ projects tend to be located in 

areas with high biodiversity, high carbon potential, and high risk of deforestation.  In the 

third essay, a spatial targeting approach for optimal REDD+ project landscape is 

demonstrated using Tanzania as an example.  This approach allows decision-makers 

prioritize preferences for various site-selection criteria and make informed decisions about 

REDD+ projects locations.   
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Chapter 1:  Introduction 

Reducing emissions from deforestation and forest degradation (REDD+) is a financial 

mechanism that provides incentives for developing countries to adopt policy approaches 

including reduction of emissions from forests, conservation and sustainable forest 

management, and enhancement of carbon stocks.  One of the questions in debate is the 

geographical level for accounting and provision of incentives for REDD+ activities 

(Angelsen et al., 2008).  Common approaches being tested and proposed for future 

international agreements include (1) national, (2) sub-national, and (3) both levels (nested 

approaches).  Implementation of REDD+ at the national level could include both nationally 

implemented policies and a national REDD+ strategy that credits project implementation by 

others (Angelsen et al., 2008).  Developing countries that receive funds for capacity building 

from international governmental organizations or directly from other countries have 

undertaken policy reforms and technological improvements.   

Progress has been made in international climate change negotiations as elements of 

the REDD+ structure are materialized, such as how reference levels and safeguards measures 

should be established.  More countries have also been admitted to capacity building or the so-

called readiness programs, hosted by multilateral REDD+ initiatives like UN-REDD or the 

World Bank.  As the international REDD+ mechanism evolves, evaluation of the current 

progress could contribute to future development of REDD+.  There have been studies 

examining the effectiveness of multilateral REDD+ initiatives in areas like structure of the 

initiatives, coordination among the initiatives, stakeholder engagement, and speed and 

delivery of the finance.  However, a fundamental question remains, what is the fund 
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allocation pattern of these initiatives?  Understanding where the funds go is a critical step to 

evaluate whether the funds are utilized effectively in the first place. Which countries do 

readiness funds go?  What characteristics do such countries have in common?  Do the funds 

go to countries that have potential for REDD+ development?  The dissertation aims to 

answer these questions with an analysis of current REDD+ readiness participation. 

On the other hand, a sub-national approach would involve REDD+ activities 

implemented in a defined geographical areas or jurisdictions, or as projects by non-

governmental organizations (NGOs), private companies, or local governments (Sills et al., 

2009).  The broadest definition of REDD+ projects is adopted in the dissertation, consisting 

of (1) reduced or avoided deforestation and degradation (REDD) projects; (2) improved 

forest management projects (+); and (3) afforestation and reforestation (AR) and restoration 

projects.  REDD+ projects have been developed throughout tropical countries incorporating 

strategies including community forest management, payments for ecosystem services, 

reducing the impact of logging and establishment of protected areas.  These projects aim to 

capture carbon funding from the voluntary market, bilateral initiatives, or a future 

compliance-based fund or market.   

Since 2007, hundreds of REDD+ projects have been developed throughout the 

developing world.  These projects are expected to provide lessons and experience for future 

project development.  However, there is limited project impact evaluation that could provide 

sufficient insights on current REDD+ projects due to the short history of REDD+.  One 

approach to evaluate projects is to understand how project sites are selected.  With the 

limited financial resources organizations like NGOs have, the efficient use of funds is 
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extremely important.  Targeting areas that provide high benefit-cost ratios is critical.  The 

dissertation addresses this topic by analyzing spatial distribution of REDD+ projects and also 

proposing a targeting strategy for optimal landscape. 

The dissertation is divided into two parts.  Part 1 (chapter 2): REDD+ readiness 

participation analyzes the allocation pattern of REDD+ readiness funds.   Part 2 (chapter 3 

& 4): Locations of sub-national REDD+ projects examines the spatial distribution of sub-

national REDD+ projects and targets optimal landscape for REDD+ project development.   

Part 1: REDD+ readiness participation 

In Chapter 2, I analyze the allocation pattern of readiness funds as a function of 

country characteristics and discuss whether donor interest or recipient needs determine the 

allocation.  I separate country characteristics into two groups: donor interests or recipient 

needs, and analyze which group plays an important role in fund allocation.  I then present a 

two-stage analysis: (1) gate-keeping stage and (2) amount stage.  At the first stage, the 

question lies in what countries have received the readiness funds from UN-REDD, World 

Bank Forest Carbon Partnership Facility (FCPF) and Forest Investment Program (FIP), and 

what country characteristics influence the probability of receiving such funds.  At the second 

stage, I examine to what extent the country characteristics influence the amount of funds 

received by recipient countries.   

Part 2: Locations of sub-national REDD+ projects 

Chapter 3 analyzes the spatial distribution of sub-national REDD+ projects in three 

countries in Latin America, Africa, and Asia with the most REDD+ projects: Brazil, 

Indonesia and Tanzania.  These countries all rank high in both forest carbon emissions and 
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forest carbon stocks, and are therefore logical sites for REDD+ projects.  I consider the count 

of REDD+ projects in each administrative unit as the dependent variable, drawing on a 

global catalog of REDD+ projects developed in collaboration with the Center for 

International Forestry Research (CIFOR).  Potential site-selection criteria were identified 

from literature review and interviews with projects.  I then estimate Logit and count models 

to test the influence of these criteria.  Logit models that only cover samples of less-populated 

areas are also estimated to see how the criteria differ. 

Building on chapter 3, Chapter 4 utilizes the Geographic Information System (GIS) 

technique to locate an optimal landscape in Tanzania for REDD+ projects. This chapter takes 

into account the combination of criteria to illustrate the differences resulting from various 

criteria.  GIS-based multi-criteria decision analysis (MCDA) is adopted to locate efficient 

landscape for REDD+ projects.  This illustrates how benefit, risk and cost criteria can be 

integrated into MCDA and provides a basis for assessing the current distribution of REDD+ 

projects in Tanzania.  Spatial distribution of current REDD+ projects (results from chapter 3) 

is then compared with the normative results from this chapter. 
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Chapter 2:  Country participation in REDD+ readiness 

2.1 Introduction 

In the United Nations Framework Convention on Climate Change (UNFCCC) 

negotiations, REDD+ (reducing emissions from deforestation and forest degradation and the 

role of conservation, sustainable management of forests and enhancement of forest carbon 

stocks in developing countries) was originally conceived as a national level exchange, with 

industrialized countries offering compensation to tropical developing countries for 

undertaking policy and institutional reforms that reduce deforestation.  Multilateral programs 

were created to help developing countries prepare to participate in this exchange: UN-REDD 

Programme, World Bank Forest Carbon Partnership Facility (FCPF) and Forest Investment 

Program (FIP).  These programs have funded many – but not all - developing countries to 

build capacity for REDD+, often called “readiness.”  Which countries receive readiness 

assistance and why?  How do donor interests and recipient needs affect the distribution of 

readiness funds?  How does participation in these multilateral programs compare to 

geographic priorities for REDD+ readiness that have been identified in the literature and to 

the distribution of REDD+ pilot projects?  These are the central questions of this chapter. 

UN-REDD was established in September 2008 with the mission to help developing 

countries prepare and implement national REDD+ strategies.  The following criteria were 

proposed for prioritizing funding allocation for new National Programme1 (1) being a partner 

country of the UN-REDD Programme; (2) achieving regional balance; (3) enhanced 

                                                 
1 It occurred during the sixth Policy Board meeting (2011). 
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coordination with other initiatives; (4) ability of UN agencies to assist the country; (5) ability 

to demonstrate progress results in a short term based on REDD+ early action; (6) REDD+ 

potential; and (7) commitment to applying the principles of the UN-REDD Programme. In 

order to participate, countries submit Readiness Preparation Proposal (R-PP) stating the 

current status of REDD+ readiness and strategies to build capacity.  As of June 2012 (Table 

2-1) there are 16 countries receiving support for UN-REDD National Programme activities.  

UN-REDD also brought in 26 countries as observers to participate in regional workshops and 

other knowledge-sharing opportunities.  The UN-REDD Programme accepts new participant 

countries contingent on available funding.   

FCPF also has a mission to build the capacity of developing countries with its 

Readiness Fund.2  Countries are eligible to join if they are (1) a borrowing member state of 

the International Bank for Reconstruction and Development (IBRD) or International 

Development Association (IDA); and (2) located in the tropical area or sub-tropical area.  

Priorities are given to countries with following characteristics: (1) significant forest area and 

carbon stock; (2) high relevance of forests in the national economy; and (3) high current or 

projected deforestation or forest degradation rates.  Selection of countries also take into 

account the need to balance experiences and learning across different continents and across 

the world’s main forest biomes (IBRD, 2011).  Countries who are interested in joining FCPF 

need to submit a Readiness Plan Idea Note (R-PIN).  Selected countries then submit 

Readiness Plans, which are supposed to provide a clear path, budget and schedule to achieve 

REDD+ readiness. 37 countries have been selected by the Participants Committee of the 

                                                 
2  FCPF also includes a Carbon Fund that helps directly reduce deforestation rates and forest degradation. 
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FCPF to receive support (Table 2-1).  FCPF does not plan on taking new participants, but 

instead will focus on the current 37 participants to assist with their REDD+ readiness 

development. 

 The Forest Investment Program (FIP) is part of the Climate Investment Funds3.  It 

provides up-front financing for the readiness reforms and public and private investments 

necessary for countries’ national REDD strategies (Johns, Johnson, & Greenglass, 2009).  

FIP supports activities in 8 pilot countries.  The selection of pilot countries is based on the 

following criteria: (1) potential to lead to significantly reduced greenhouse gas emissions 

from deforestation and forest degradation; (2) potential to contribute to FIP objectives and 

adherence to FIP principles; (3) potential of mainstreaming FIP investment in ongoing policy 

framework and development activities; (4) country preparedness, ability and interest to 

undertake REDD initiatives; and (5) country distribution across regions and biomes (Climate 

Investment Funds, 2009).  The list of pilot countries in FIP is shown in Table 2-1. 

 

 
 
 
 
 
 
 
 

                                                 
3 Climate Investment Funds (CIF) was created in 2008 by representatives from 40 developing and developed 
countries.  CIF consist of Clean Technology Fund and Strategic Climate Fund. The Forest Investment Program 
is a targeted program under Strategic Climate Fund.  The CIF are channeled through the African Development 
Bank, Asian Development Bank, European Bank for Reconstruction and Development, Inter-American 
Development Bank, and World Bank Group. 
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Table 2-1 Participant countries in UN-REDD and FCPF, as of June 2012 

  Countries 
UN-REDD 

Participants 
Bolivia, Cambodia, DRC, Ecuador, Indonesia, Nigeria, Panama, 
Papua New Guinea, Paraguay, Philippines, Republic of Congo, 
Solomon Islands, Sri Lanka, Tanzania, Vietnam, Zambia 

 

Observers 

Argentina, Bangladesh, Benin, Bhutan, Cameroon, Central 
African Republic, Chile, Colombia, Costa Rica, Ethiopia, Gabon, 
Ghana, Guatemala, Guyana, Honduras, Ivory Coast, Kenya, 
Mexico, Mongolia, Myanmar, Nepal, Pakistan, Peru, South 
Sudan, Sudan, Suriname 

FCPF 

Participants 

Argentina, Bolivia, Cambodia, Cameroon, Central Africa Rep., 
Chile, Colombia, Congo, DRC, Costa Rica, El Salvador, 
Equatorial Guinea, Ethiopia, Gabon, Ghana, Guatemala, Guyana, 
Honduras, Indonesia, Kenya, Lao, Liberia, Madagascar, Mexico, 
Mozambique, Nepal, Nicaragua, Panama, Papua New Guinea, 
Paraguay, Peru, Suriname, Tanzania, Thailand, Uganda, Vanuatu, 
Vietnam 

FIP Participants Brazil, Burkina Faso, DRC, Ghana, Indonesia, Laos, Mexico, 
Peru 

 
 

Other international efforts to promote country readiness for REDD+ come from 

countries such as Norway, the United States, Japan, Denmark and Australia (Hardcastle, 

Davenport, Cowling, & Watson, 2011).  For example, the Government of Norway 

Development Agency (NORAD) and the United States Agency of International Development 

(USAID) both allocate funds for REDD+ readiness to multilateral organizations (Table 2-2).  

NORAD and USAID also work with countries directly to develop national strategies for 

REDD+ readiness capacity building.  Most of the countries supported directly by NORAD 

and USAID are also supported by UN and/or WB readiness programs.  This suggests that the 

participation of countries in UN-REDD and WB FCPF reflects general patterns of readiness 

support, rather than multilateral support for countries that are not receiving any bilateral 

assistance.  Thus, it is informative to assess factors associated with country participation in 

these multilateral programs.  
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Table 2-2 NORAD and USAID Readiness activities 

World 
Bank 

• Forest Investment Program 
(FIP) 

• FCPF 

 

AfDB • CBFF  
• UNDPDRC  

Multilateral Channels 

UN 
System • UN-REDD  

Latin 
America 

• Mexico 
• Guyana REDD+ Investment 

Fund (GRIF) 
• Brazil- Amazon Fund 

UN, FCPF, FIP 
UN, FCPF 

Asia • Indonesia UN, FCPF, FIP 

N
O

R
A

D
 

Bilateral and Multi-
Bilateral Partnerships 

Africa • Tanzania UN, FCPF 

World 
Bank 

• FIP 
• FCPF 

 
Multilateral Channels 

 • Global Environment Facility 
(GEF) 

 

Latin 
America 

• Brazil 
• Colombia 
• Guyana 
• Mexico 

FIP 
UN, FCPF 
UN, FCPF 
UN, FCPF, FIP 

Asia 

• Indonesia 
• India 
• Cambodia 
• Eastern Himalaya: India, 

Nepal, Bhutan 
• Regional Development 

Mission in Asia (RDMA) 

UN, FCPF, FIP 
 

UN, FCPF 
 

U
SA

ID
 

Bilateral country & 
regional programs 

Africa 

• Uganda 
• Zambia 
• Center Africa Regional 

Program for the 
Environment (CARPE) 

• West Africa: Guinea, Ivory 
Coast, Liberia, and Sierra 
Leone 

FCPF 
UN 

 

Source: (Tipper, 2011) and (USAID, 2010) 

 

Participation in UN-REDD, FCPF FIP, or any other REDD+ scheme is voluntary for 

countries.  According to the UNFCCC, all tropical non-Annex I countries are eligible.  

However, it is very likely that not all of these countries will choose to participate in either 
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readiness or REDD+ itself.  Some countries might opt out because of their disapproval of the 

expected financial distribution mechanism for REDD+ or for the readiness program, or 

because of unwillingness to attenuate sovereignty to international monitoring organizations.  

In addition, preferences of countries that are major funders of these programs are likely to be 

reflected in selection of participating countries, which may be a concern for some developing 

countries.   

Some eligible countries may opt to never apply for funding from the multilateral 

programs, while others may be screened out at various stages of the application process.  For 

FCPF, for example, countries must submit a R-PIN that conforms to FCPF’s guidelines on 

dimensions such as the baseline reference scenario and strategies to reduce forest clearing.  

After countries submit their R-PINs, they are reviewed by the Facility Management Team for 

completeness and consistency with the FCPF rules and by the Technical Advisory Panel for 

technical review. The reviews are then shared with the Participant Committee or Steering 

Committee for a decision.  Indonesia, Panama, Equatorial Guinea and Central Africa 

Republic all had to revise their R-PINs as a result of this process, but were then eventually 

approved.   

One consequence of not involving all countries in REDD+ is international leakage, 

which occurs when deforestation and degradation related emissions shift to other countries 

not included in the accounting framework (Murray & Olander, 2008).  Studies show that 

leakage diminishes as more countries participate (Murray, 2009).  The multilateral readiness 

programs are a key mechanism to encourage broader participation in REDD+.  Hence, it is 

important to identify the underlying principles of readiness fund allocation, including the 
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relative weight given to the needs of capacity building and the interests of donors.  While 

funding for REDD+ readiness has grown rapidly over the past few years to become one of 

the major flows of international aid, there has been little scholarly work on how donors 

allocate funds and why countries choose to participate REDD+ mechanism.  The starting 

point for addressing this question is to assess whether recipient countries share any 

characteristics.   

Participating in multilateral programs is a three-stage process: countries apply, 

decision is made and funding is allocated.  I focus on the latter two stages and examine 

whether and how donor and recipient countries’ considerations change.  The reason to focus 

only on the two stages is that the choice to apply is affected both by donor interests (since 

donor encourage / invite countries to apply) and recipient needs (since countries decide 

whether to apply).  I estimate multivariate regression models to assess the relative importance 

of factors reflecting donors’ preferences and factors reflecting the interests of potential 

recipients. First, I review the literature on environmental aid to see how donor interests and 

recipient needs influence the aid patterns.  I then proceed to select country characteristics that 

would represent donor interest or recipient needs based on literature review in the empirical 

strategy section.  Next, I adopt a two-stage approach to examine which countries are selected 

for readiness programs and how much funding each country receives.  The results show how 

donor interest or recipient needs determine the allocation patterns. 
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2.2 Literature Review 

2.2.1 Environmental aid allocation 

Environmental aid includes all financial transfers from donors to recipient countries 

for the purpose of protecting or restoring the environment through projects ranging from 

environmental education to land conservation (Keohane & Levy, 1996; Lewis, 2003).  In an 

ideal world, environmental aid would be allocated according to environmental needs (Hicks, 

Parks, Roberts, & Tierney, 2008).  However, agreeing on priorities for environmental aid is 

difficult because the environmental interests of developed and developing countries differ 

(Lewis, 2003).  Developed countries tend to focus more on global commons issues such as 

biodiversity protection and ozone depletion, while developing countries tend to be more 

concerned with local environmental problems such as pollution and resource availability, 

which affect public health and livelihoods (Guha & Martinez-Alier, 1997; Lewis, 2003).  

The different prioritization of environmental concerns by developed and developing 

countries partly explains the motivations behind donor and recipient actions in giving and 

receiving aid.  Two traditional explanations of aid allocation focus on either donors’ interests 

or recipients’ needs as determinants of aid.  Donor interests are typically considered to 

include political, economic and security interests (Cingranelli & Pasquarello, 1985; 

McKinlay & Little, 1977).   This model of aid flows suggests that donors tend to support 

countries with similar ideologies, with whom they have closer economic ties or security 

interests.  The model assumes that all aid is given to compensate for shortfalls in recipient 

countries’ domestic resources (McKinlay & Little, 1977).  Three groups of recipient 

attributes are found in literature that represents donor interests: (1) relative political and 
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economic powers, (2) quality of governance institutions, and (3) global environmental values 

(Miller, Agrawal, & Roberts, 2010).  Variables used to represent donor’s political and 

economic interest include measures of political liberties and civil liberties (Lewis, 2003), 

aggregate value of arms transfer (Maizels & Nissanke, 1984), colonial history, United 

Nations voting affinity (Hicks, Parks, Roberts, & Tierney, 2008), and total trade between 

donor and recipient (Hicks, Parks, Roberts, & Tierney, 2008; Maizels & Nissanke, 1984).  

Variables used to represent quality of governance institutions are political stability, control of 

corruption, voice and accountability (Neumayer, 2003).   

The quality of governance institutions in recipient countries is of direct concern to 

donors.  A recipient country’s capacity to enforce and implement policy reform is one of the 

key elements that determines the effectiveness of aid (Keohane & Levy, 1996).   

International organizations often do not have the ability to implement large-scale projects 

and/or they are not authorized to enforce rules within sovereign states (Keohane & Levy, 

1996).  Thus, the capacity of recipient governments is critical for large projects and projects 

that depend on the rule of law.  A recipient country’s government effectiveness, regulatory 

quality and institutionalized democracy index (Hicks, Parks, Roberts, & Tierney, 2008; 

Neumayer, 2003) have been considered as measures of institutional capacity in the literature 

on the allocation of environmental aid.  In terms of global environmental values, donors are 

expected to care more about environmental attributes that are of global importance.  The 

literature has represented global environmental values with measures such as the Natural 

Capital Indicator (monetary value of natural resources as raw materials) (Hicks, Parks, 
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Roberts, & Tierney, 2008; Lewis, 2003), the number of threatened species, and species 

richness (Miller, Agrawal, & Roberts, 2010).  

The recipient need model assumes that aid is given to compensate recipient’s 

domestic resource deficit with respect to social and economic conditions.  Aid received by 

each country is also proportional to recipient’s economic and welfare needs (McKinlay & 

Little, 1977). Compared to donors, recipient countries have greater concerns on local 

environmental problems, such as pollution and its impacts on local communities. Lewis 

(2003) used percentage of the population without access to safe drinking water as a proxy for 

local environmental concern.  Hicks et al (2008) used organic water pollution intensity 

indicator as a variable to test whether countries are more likely to receive aid if 

environmental quality is poor. The hypothesis is that recipients experiencing high levels of 

environmental stress will have a greater interest in securing environmental aid.   

In determining which countries receive aid, traditional donor interests model plays a 

significant role.  Level of democracy and economic and security ties are found positively 

affecting countries’ probability of receiving environmental aid in all three types of donors 

(USAID, GEF and private foundations) discussed in Lewis (2003).  Global environmental 

assets (recipient’s natural capital value) and local environmental problems also have impacts 

on which country USAID funds.  Local environmental problems is the only variable that 

supports recipient needs argument.  In terms of the amount of aid countries receive, donor 

interests model still predominates.   Voice and accountability and democracy level in 

recipient countries are positively related to how much aid is allocated (Lewis, 2003; Miller, 

Agrawal, & Roberts, 2010).  For recipient countries, having sound environmental, economic 
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and government institutions is likely to get larger shares of the foreign aid (Hicks, Parks, 

Roberts, & Tierney, 2008).  In addition to political factor, economic and security ties and 

natural capital value also positively related to the amount of funds allocated by USAID and 

GEF respectively (Lewis, 2003). 

Allocation of bilateral and multilateral aid may be influenced by different factors.  

“Donor interest” is generally considered to explain bilateral aid (Maizels & Nissanke, 1984; 

McKinlay & Little, 1977).  Multilateral aid, on the other hand, tends to go to poorer 

countries, which conforms to the recipient needs model (Clark, 1992).  Based on differences 

in environmental aid allocation patterns through bilateral (USAID), multilateral (GEF) and 

private foundation channels, Lewis (2003) concluded that the traditional donor interest model 

best explains how these three channels of funds distribute environmental aid.  Recipient 

countries’ level of democracy, and economic and security ties with the U.S. are significant 

variables influencing USAID funding allocation.  GEF funding tends to go to countries with 

high degrees of democracy and high biodiversity, again reflecting donor interests.  Private 

foundation grants also tend to go to countries with high level of democracy and have 

economic ties with the foundations. USAID allocation is the only one that is influenced by 

local environmental problems, as represented by local accessibility of water.  Thus, Lewis 

(2003) concludes that bilateral, multilateral and private channels are best explained by the 

donor interests model. 

A two-stage process that consists of “gate-keeping stage” and “amount stage” was 

utilized to examine aid-allocation patterns (Hicks, Parks, Roberts, & Tierney, 2008; 

McGillivray & Oczkowski, 1992; Poe & Meernik, 1995).  The first gate-keeping stage 
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analyzes which countries receive aid, while the second “amount stage’ examine how much 

aid each recipient country receives.  Lewis (2003) and Hicks et al. (2008) utilizes this two-

stage approach to examine allocation pattern of environmental aid, while Miller et al. (2010) 

analyzes biodiversity aid using only the amount stage.  This process would help distinguish 

how and whether the same set of characteristics changes significance at different stages. 

 

2.2.2 Debt-for-nature swaps 

Other financial transfers from donors to support environmental programs or projects in 

recipient countries also offer insights on how the interests of participating parties are met.  

Programs that have been analyzed include debt-for-nature swaps and climate mitigation 

projects under the CDM.  Debt-for-nature swaps involve the purchase of a developing 

country’s debt at a discounted value in the secondary debt market and cancelling the debt in 

return for environmental-related action on the part of the debtor country4 (Hansen, 1989).  

Similar to REDD+, debt-for-nature swaps program exist partly because developing countries 

lack the capacity for natural resource conservation, partly because conservation is not a 

priority for some developing countries, and partly in acknowledgement of the global benefits 

of biodiversity conservation.  Industrialized countries and environmental NGOs are willing to 

pay for the conservation of natural resources in tropical countries for their biodiversity value 

and climate change mitigation.  Even though resource-rich developing countries have the 

sovereign rights to decide what to do with their natural resources, they may be willing to 
                                                 
4 The first debt-for-nature swap occurred in 1987 when Conservation International (CI) purchased Bolivian’s 
foreign debt of U.S. $650,000 at a discounted price of U.S. $100,000.  CI worked with a local environmental 
NGO to develop a program that combines ecosystem conservation and regional development (Hansen, 1989) 
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manage for global benefits if compensated through environmental aid mechanisms such as 

debt-for-nature swaps or REDD+.   

Debt-for-nature swaps have occurred in some countries but not others, suggesting that 

there are cross-country differences in the benefits and costs of environmental conservation 

(as well as differences in the debt market).  The considerations taken into account by donor 

and recipient countries suggest what characteristics of countries are likely to determine the 

occurrence of a swap.  Deacon & Murphy (1997) examined the contracts underlying debt-

for-nature swaps to identify country characteristics that should influence the occurrence of 

debt-for-nature swaps.  They hypothesize that swaps occur when there are potential 

aggregate gains to both donors and recipients.  Empirically, they find that the occurrence of 

swaps is significantly related to the presence of tropical land and threatened species, 

democratic political institutions and large debt burdens in debtor countries (Deacon & 

Murphy, 1997). 

2.3 Conceptual Framework 

There are four elements that are important to the allocation of readiness fund: (1) 

essential factors that directly define relevance of readiness programs (forest carbon and 

deforestation rate); (2) recipient needs; (3) donor interests and (4) control variables (land area 

and population).  Literature from aid allocation shows that recipient country’s characteristics 

contribute to the two groups of motivation on aid allocation, recipient need model and donor 

interest model.  The recipient need model assumes that aid is given to compensate recipient’s 

domestic resource deficit and aid received by each country is also proportional to recipient’s 
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economic and welfare needs (McKinlay & Little, 1977).  Recipient countries also have 

greater concerns on local environmental problems than donor countries.   

Traditional donor interest model suggests that donors distribute aid based on political, 

security and economic interests.  The allocation of aid is influenced by political and 

economic interactions between donor and recipient countries, such as arms transfer, imports 

and exports.  However, these motivations can hardly apply to multilateral aid distribution 

since multilateral organizations do not trade or sell weapons directly to individual countries. 

Thus, other types of motivations may be more relevant to multilateral donors’ decisions, such 

as concerns with global environmental goods.  As international financial transfers for 

collective good provision, such as biodiversity conservation or pollution prevention, have 

grown more prominent, donors’ motivations have shifted.  Hicks et al (2005 & 2008) assume 

that donors actually care about international public good provision and aid effectiveness.  

Donors are motivated by the improvement of environmental protection abroad and will take 

steps to make sure that their aid dollars are spent wisely at the implementation stage.  

Specifically, I expect that environmental attributes related to global public goods such as 

climate change mitigation and biodiversity conservation will be relevant. 

This chapter seeks to identify measures of donor interests versus recipient needs, as 

relevant to REDD+, in order to test the two basic conceptual models that have been proposed 

for environmental aid.  Specifically, I test whether donors primarily contract with recipient 

countries that are able to provide attractive environment for high “rate-of-return” on donor’s 

investment.  In other words, if readiness fund mainly flows to countries with sound and 

reliable institutions, donor’s investment will have higher possibility to be successful.  
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However, readiness fund is specifically about capacity building, which is for countries that 

have weak institutions so that more countries can eventually participate in REDD+.  This 

would contradict donors’ interest in supporting countries with existing institutional capacity.   

The test will reveal how concerned donors are in terms of international public good provision 

and aid effectiveness.   

2.4 Empirical Strategy 

Two important factors identified earlier that are clearly define relevance of readiness are 

forest carbon and deforestation rate.  The forest carbon content in a recipient country would 

be the most important factor affecting donor interests in including that country in the REDD+ 

readiness mechanism since it represents total potential avoided emissions.  Estimated forest 

carbon content is derived from carbon stock in living forest biomass (FAO, 2010).  18 

countries in the dataset are missing the carbon stock information (10 countries in Latin 

America, and 2 or 3 countries in Asia, Africa and Oceania).  With respect to lose of 

biodiversity, drought and flood that are resulted directly or indirectly from deforestation, 

annual rate of forest cover loss countrywide during the period of 2005-2010 (FAO, 2010) 

was used to test whether country with higher deforestation rate is likely to attract more funds.   

This is particularly relevant to REDD+ but may have different influences on donor and 

recipient interests in readiness participation. 

2.4.1 Recipient need model 

Two broad categories of country characteristics, representing recipient need model and 

donor interest model, are presented.  In the recipient need model, variables that illustrate 



 

 20 

shortfalls in recipient’s domestic resources in economics or welfare and its focus on 

environmental problems are chosen.  GDP per capita has been used as an approximate 

indicator of the relative need of different countries for outside assistance (Maizels & 

Nissanke, 1984).  The annual growth rate of GDP at market prices (World Bank, 2007) was 

also included to find out whether slow-growing countries attract more fund than fast-growing 

ones.  The Human Development Index (HDI) was used to represent relative shortfalls in 

certain basic social requirements (UNDP, 2009).  HDI was created by United Nation 

Development Programme (UNDP) that combines indicators of life expectancy, educational 

attainment and income.  

With regards to concerns for the local environment, the environmental health index 

developed by Yale Center for Environmental Law and Policy was included in the recipient 

need model to illustrate conditions of environmental deterioration (Emerson et al., 2012).   

The index comprises three categories in (1) air pollution, (2) water and (3) environmental 

burden of disease (see   Table 2-3).  The variable is to test whether countries with lower 

environmental health index tend to participate and attract more funds in REDD+ readiness 

mechanism. 

 

  Table 2-3 Indicators included in Environmental Health Index 

 Indicator 
Indoor air pollution Air pollution (effects on human 

health) Particulate matter 
Access to drinking water Water (effects on human health) 

Access to sanitation 
Environmental burden of disease Child mortality 
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2.4.2 Donor interest model 

Donor’s interests in global environmental commons and the effectiveness of aid are the 

center of donor interest model.  Donors may also be interested in the biodiversity associated 

with a country’s forest carbon, or the potential biodiversity “co-benefit” of REDD+.  I use 

the Global Environment Facility (GEF) Benefit Index for Biodiversity to represent 

biodiversity richness.  The index represents species in each country, their threat status, and 

the diversity of habitat types in each country.  It ranges from 0 to 100, where 100 represents 

maximum biodiversity potential (GEF, 2008).  In sum, the donor interest model predicts that 

countries affluent in forest carbon and biodiversity have higher probabilities of participating 

in REDD+ readiness programs and are likely to attract more funds.  

Donors’ interest in the effectiveness of aid would translate into a higher probability of 

funding countries with more capable institutions and overall favorable investment climate.   

However, readiness in particular is about building capacity so I expect a focus on countries 

with lower initial capacity.  I use governance index to test this hypothesis. The index is 

derived from governance indicators from the World Bank that include government 

accountability, political stability, government effectiveness, regulatory quality, rule of law 

and control of corruption. The governance index for each country was generated by summing 

scores from the six indicators with equal weight given to each, and normalizing the scores 

(Deveny et al., 2009).  The result is a unitless measure that is meant to help differentiate the 

governance quality of nations as compared to the best and worst actors.  Furthermore, 

countries with sound economic policy environment and investment climate are more likely to 

fulfill their commitments and conserve forest verifiably (Deveny et al., 2009).  The ease of 
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doing business index developed by the World Bank is included for this purpose (World 

Bank, 2009). 

In addition to governance, technological capability and previous experience with 

REDD+ implementation is also considered.  A country’s technological capability is 

represented by a measure of experience created by Resources for the Future (RFF) as part of 

Forest Carbon Index.  The experience variable includes measures of a country’s remote 

sensing capacity and environmental market experience.  For remote sensing capacity, a 

country is more ready if (1) it owns or operate its own remote sensing system; (2) it has 

contributed an instrument to observe terrestrial land use; and/ or (3) it is a member of Global 

Earth Observing Systems.  A country gets a higher score in environmental market experience 

if it has more CDM projects in the pipeline.   Finally, land area and population are included 

as an important control variable in the models. 
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Table 2-4 Variables representing country characteristics and sources  

Groups Variable Source 
Forest carbon stock (million tonnes) FAO, 2010 (1) Directly 

define relevance 
of readiness 

Rate of forest cover loss 2005-2010  FAO, 2010 

GDP per capita, 2007 ($) World Bank, 2007 
Human development index (UNDP, 
2009) 

UNDP, 2009 

% annual GDP growth, 2007-2010  World Bank, 2007 

(2) Recipient 
needs model 

Environmental health index  Emerson et al, 2012  
GEF benefits index for biodiversity 
2008 (0=no biodiversity potential to 
100=max) 

GEF, 2008 

Governance (voice & accountability, 
Political Stability, Government 
Effectiveness, Regulatory Quality, 
Rule of Law, Control of Corruption 

Davey et al, 2009; 
World Bank, 2009 

Ease of doing business  World Bank, 2009 

(3) Donor 
interests model 

Experience (remote sensing capacity 
& environmental market experience)  

Davey et al, 2009 

Population (millions; World Bank, 
2007) 

World Bank, 2007 (4) Control 
variables 

Land area (Ha) FAO 2005 
 

2.5 Methodology and Procedure 

My empirical analysis focuses on the probability that a given country receives REDD+ 

readiness fund and the amount a recipient receives.  I consider all countries that are located in 

the dry tropical or humid tropical regions according to the WWF classification (WWF, 2011; 

Romijn, Herold, Kooistra, Murdiyarso, & Verchot, 2012;), plus two countries that are not in 

the tropics but participate in FCPF (Chile and Mongolia).  It’s a total of 101 countries.  This 

chapter employs a two-stage process that consists of “gate-keeping stage” and “amount 

stage” (Hicks, Parks, Roberts, & Tierney, 2008; McGillivray & Oczkowski, 1992; Poe & 
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Meernik, 1995).  At the gate keeping stage, donors decide whether to give a recipient country 

any positive amount of aid.  After a recipient country has passed the gate-keeping stage, a 

donor sets aside certain funds at the amount stage.   

At the gate-keeping stage, I model the probability of participation in a REDD+ readiness 

mechanism as a function of country characteristics.  Logistic models are estimated 

(significance level at 10%) to identify characteristics of countries that influence the 

probability of participation in these programs.  Independent variables are shown in Table 2-4, 

while response variables are whether countries participate in UN-REDD Programme, FCPF, 

or FIP or any readiness activities.  I estimated model first with just variables from group 1 

(forest carbon stock and deforestation rate) and group 4 (land area and population).  Forest 

carbon stock and deforestation rate may have different influence on participation from the 

perspective of recipient needs vs. donor interests.   I then examine additional explanatory 

power from adding in group 2 (recipient needs model) or group 3 (donor interest model).  

At the second stage, the amount of readiness funding is regressed on various 

characteristics of the participating countries.  The estimation results reveal which factors 

affect the allocation of readiness aid, conditional on the decision of which countries to 

include in the programs.   

Some countries participate more than one readiness program.  In order to account for 

participation in multiple programs, count models are estimated, although the models assume 

that the same factors drive participation in each program.  Participation decision for any one 

program may be affected by participation in other programs, negatively or positively.  Future 

research could estimate system of equations for the potential interactions.     
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This study also compares characteristics of countries participating in REDD+ readiness 

with countries hosting REDD+ projects, and countries that are identified as priorities for 

REDD+ implementation.  Distribution of projects reflects assessment of market, NGOs, and 

donors regarding where REDD+ can be implemented most effectively, in terms of both 

reducing forest carbon emissions and generating co-benefits.  I expect that donor interests 

model will play a more important role, especially in forest carbon, deforestation rate and 

biodiversity index.  However, governance index might not be project proponents’ priority 

concern, which is different from donor’s consideration in readiness fund.   

Morris et al (2011) identified priority countries for Sustainable Landscapes Program, 

part of REDD+ Strategy released by USAID.  Objectives of the Sustainable Landscapes 

Program include REDD+ Readiness, helping countries become ready to participate in pay-

for-performance program, and REDD+ Demonstration, achieving cost effective and 

sustainable net emissions reduction (USAID, 2010).  Three categories of countries that would 

help achieve Sustainable Landscapes Program’s objectives through geographically 

prioritizing USAID expenditures (Morris, Busch & Boltz, 2011).  The first category is 

countries that have high potential to reduce current emissions from deforestation.  Countries 

that have major forest stocks but have not yet encountered serious threat of deforestation are 

in the second category.  Countries in the third category also possess rich forest carbon but are 

less urgent than countries in the previous two categories (Table 2-5).  I estimate a model of 

which countries were identified as priorities for USAID in order to quantify the selection 

criteria and facilitate comparison.   
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Table 2-5 Potential countries for USAID Sustainable Landscapes Program 

Category Country 
Reduce current deforestation Brazil, Ecuador, Honduras, Indonesia, Malaysia, Mexico, Zambia 
Avoid future deforestation Angola, Colombia, Congo, DR Congo, Gabon, Peru 

Potential REDD+ Investment 
Argentina, Bolivia, Cameroon, Central African Republic, Coté 
d’Ivoire, Ghana, Guyana, Mozambique, Nicaragua, Nigeria, 
Papua New Guinea, Paraguay, Tanzania, Venezuela 

 

2.6 Results 

2.6.1 Fund allocation geographical breakdown 

The geographical breakdown of country participation in the three REDD+ readiness 

programs is shown in Figure 2-1.  FCPF has the highest number of participants in Africa, 

Asia and Latin America.  Figure 2-2 show the difference across the two-stages. In both 

stages, African countries predominate, but they capture a larger percentage of funding than 

they represent in terms of fraction of participants in UN-REDD and FCPF. A high percentage 

of funding in FIP, on the other hand, was distributed to Latin American countries.  
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Figure 2-1 Geographic breakdown of country participation: number of country participants in UN-REDD, FCPF and FIP 
programs in different regions 

 
Figure 2-2 Geographic breakdown of country participation in REDD+ readiness programs. Graph A shows percentage 
breakdown of regions for UN-REDD, FCPF and FIP country participants. B: Percentage of fund disbursement in the three 
programs.  

Note: Some FCPF participants are in the process of getting documents approved in order to get the funding.  The graph here 
shows FCPF fund disbursement as of March 2012. 
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2.6.1 Results of Stage 1: Gate Keeping  

2.6.1.1 UN-REDD model 

The results obtained from using the two-stage procedure showing how readiness fund 

from the three multilateral organizations are allocated.  Logistic regression results show 

whether recipient needs or donor interests affect the allocation pattern for UN-REDD, FCPF 

and FIP readiness fund (Table 2-8).  In UN-REDD program, the essential factors for REDD+ 

readiness, forest carbon and deforestation rate (plus land area and population), only explain 5 

percent of the variation (model 1).  The recipient need model provide better explanation of 

fund allocation (model 2).  GDP per capita has negative and significant impact, indicating 

that country with lower GDP per capita tend to participate in UN-REDD program.  GDP 

growth rate also has a significant, but positive effect which means that faster-growing 

countries have higher probability of joining the program.      

The human development index, covering life expectancy, education attainment and 

income, shows positive and significant effects, which is unexpected.  The environmental 

health index displays negative sign and is significant at 20% level.  The results suggest that 

country do not participate out of social or economic needs, but concerns for the local 

environmental in terms of water and air pollution.  Even though not significant, most of the 

variables in the donor interest model show expected signs, indicating donors in UN-REDD 

prefer countries with higher governance and technical capacity.  
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2.6.1.2 FCPF model 

In the FCPF model, forest carbon and deforestation rate model still did not explain 

much, only 2 percent of variation (model 4).  Donor interest model provides a reasonable 

explanation of aid allocation with respect to biodiversity and country’s previous experience 

(model 6).   Biodiversity index and experience variables show positive coefficient, as were to 

be expected, and highly significant.  Recipients with less population tend to join FCPF, 

which is different from my previous prediction that countries with larger population would 

require more aid.  The donor interest model alone (plus land and population variables) 

explains 21.3 percent of the variation in FCPF participation, while the recipient need model 

(plus land and population) only explains 13.6 percent of the variation. 

2.6.1.3 FIP model 

In FIP, forest carbon and deforestation rate (plus land area and population) explain 

the highest variation of 36.4 percent (mode 7).  In the donor interest model, biodiversity 

index is the only significant variable (model 9).  Donors in FIP treat biodiversity richness as 

their priority when selecting countries to participate.  The signs for other variables in the 

recipient need model are consistent with UN-REDD and FCPF. The donor interest model 

alone explains 43.43 percent of the variation in FIP participation, while the recipient need 

model only explains 30.6 percent of the variation.  

2.6.1.4 All readiness programs 

Countries that participate any of the three readiness programs are examined in model 

10-12.  Important elements in REDD+, forest carbon and deforestation rate, finally shows 
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significant signs.  Donor interest model provides a better explanation for the aggregated 

readiness model.  Estimation results still suggest donor interest in biodiversity richness.  The 

results illustrate donors’ concerns over environmental attributes of global importance, forest 

carbon and biodiversity.  

2.6.1.5 Number of readiness programs country participate 

Countries that have high forest carbon tend to join more readiness programs (model 

13).  In the recipient needs model, countries with lower GDP per capita, higher social 

conditions (human development index) and higher economic growth also tend to participate 

in more readiness programs.  In the donor interests model, donors prefer  countries with high 

biodiversity richness. 

2.6.2 Results of Stage 2: Amount  

2.6.2.1 UN-REDD funds 

The results for stage 2, the amount stage, are presented in Table 2-10.  Among 

recipient countries for UN-REDD fund, the amount of aid received by countries is negatively 

related to population size.  The amount of funding is also negatively related to governance 

index, showing that countries with lower governance capacity receive more aid, which fits in 

better with the recipient need model.   

2.6.2.2 Aggregate funds 

The aggregate fund model (model 19-21), combining total fund disbursed from the 

three programs, displays interesting results.  Countries with lower GDP per capita have 
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higher probability of joining readiness program, as shown in model 11.  After passing stage 

1, recipients with higher GDP per capita tend to get more readiness fund.   The same applies 

to forest carbon.  At the selection stage, donors prefer countries with higher forest carbon.  

However, in the amount stage, countries that have less forest carbon receive more funding.  

This may be because donors have different considerations at these two stages.  For example, 

FCPF gives most participant countries a fixed amount of $200,000, showing that country 

characteristics do not play a significant part in FCPF’s amount allocation decision-making. 

2.6.3  Countries with REDD+ projects and USAID landscape program 

Similar to countries participating in any multilateral REDD+ readiness mechanisms, 

forest carbon and biodiversity index have significant impacts on the probability of countries 

hosting REDD+ projects on the ground (model 22).  In addition, land area and deforestation 

rate also effects on the probability of countries hosting REDD+ projects.  In the model of 

potential priority countries for USAID, land area and deforestation rate have negative effects, 

while forest carbon and experience have positive effects on the probability of countries 

becoming USAID priority countries (model 23).  
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Table 2-6 Descriptive statistics & data sources for variables 

Variable  Obs Mean     Std. Dev. Min Max Data source 
Forest carbon (in 1000 of 
million tonnes)) 83 2.246 7.30214 0.0.002 62.607 FAO, 2010 

Rate forest cover loss 
2005-2010 100 -0.593 1.4247 -9.7 2.8 FAO, 2010 

Population 101 47.014 173.3607 0 1320 World Bank, 2007 
Area  (in 100,000,000 ha) 101 0.621 1.3366 0.00039 9.32742 FAO 2005 
GDP per capita 99 3573.007 5360.146 127.1163 36707 World Bank, 2007 
Human development index 99 0.5575 0.1604 0.3 0.9 UNDP, 2009 
% GDP growth 99 4.20 3.0013 -6.8 10.9 World Bank, 2007 
Environmental health 
index 95 41.2178 20.686 11.7 100 Emerson et al, 2012 

Governance 100 0.407 0.1949985 0.02 0.77 Davey et al, 2009; World 
Bank, 2009 

Ease of doing business 96 0.3781 0.2648 0 1 World Bank, 2009 
Experience 101 0.2613 0.2929 0 1 Davey et al, 2009 
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Table 2-7 Correlation matrix 

 Forest 
carbon 

Rate forest 
cover loss 
2005-2010 

Popula
tion 

Area GDP per 
capita 

Human 
development 

index 
% GDP 
growth 

Environme
ntal health 

index 
Biodiversity 

index Governance 
Ease of 
doing 

business 
Experien

ce 

Forest carbon 1.00            
Rate forest 
cover loss 
2005-2010 

0.05 1.00        
 

  

Population 0.168* 0.12* 1.00          
Area 0.69* 0.10* 0.70* 1.00         
GDP per 
capita 0.12* 0.18* -0.06 -0.02 1.00        

Human 
development 
index 

0.12* 0.28* 0.04 0.09* 0.62* 1.00    
 

  

% GDP 
growth 0.06 0.08* 0.30* 0.25* -0.21* -0.2 1.00      

Environmental 
health index 0.11* 0.28* -0.04 0.005 0.62* 0.89* -0.21 1.00     

Biodiversity 
index 0.69* 0.11* 0.51* 0.74* 0.04 0.26* 0.15* 0.21* 1.00    

Governance 0.04 0.17* -0.12* -0.1* 0.30* 0.54* -0.29* 0.50* 0.00 1.00   
Ease of doing 
business -0.05 0.18* 0.03 -0.02 0.46* 0.69* -0.21* 0.65* 0.09* 0.55* 1.00  

Experience 0.30 0.11* 0.46* 0.47* 0.02 0.37* 0.24* 0.36* 0.55* 0.01 0.30* 1.00 
Note: * shows significance at 0.5 level 
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Table 2-8 Stage 1 of the REDD+ readiness allocation process 

 model 1 model 2 model 3 model 4 model 5 model 6 model 7 model 8 model 9 model 10 model 11 model 12 
 UN-REDD  FCPF  FIP  Any readiness 
  Forest carbon (in 1,000 
million tonnes) 

0.201 
(0.144) 

0.29 
(0.169) 

 

0.128 
(0.319) 

0.07 
(0.273) 

0.05 
(0.477) 

0.0004 
(0.99) 

0.455** 
(0.018) 
0.03 

0.419** 
(0.037) 
0.026 

0.281 
(0.179) 

1.342*** 
(0.002) 
0.209 

1.399*** 
(0.002) 
0.212 

1.203** 
(0.011) 
0.125 

  Rate of forest loss 2005-2010 -0.248 
(0.447) 

 

-0.152 
(0.689) 

 

-0.216 
(0.534) 

-0.204 
(0.421) 

-0.361 
(0.21) 

-0.419 
(0.211) 

-0.625 (0.216) -0.589 
(0.258) 

-0.926 
(0.172) 

-0.535* 
(0.066) 
-0.535 

-0.748** 
(0.035) 
-0.11 

-1.005** 
(0.02) 
-0.1 

  Population 0.00356 
(0.268) 

0.00116 
(0.785) 

 

0.000516 
(0.896) 

-0.0007 
(0.81) 

-0.0027 
(0.53) 

-0.019** 
(0.07) 
0.004 

-0.002 
(0.693) 

-0.002 
(0.694) 

-0.004 
(0.764) 

-0.0007 
(0.784) 

-0.002 
(0.463) 

-0.007 
(0.17) 

  Land area  (in 100,000,000  of 
Ha) 

-1.444 
(0.182) 

 

-1.831 
(0.238) 

 

-1.482 
(0.150) 

-0.439 
(0.385) 

-0.398 
(0.465) 

-0.98 
(0.11) 

0.17 
(0.839) 

0.08 
(0.918) 

0.03 
(0.978) 

-1.154 
(0.061) 

-0.97 
(0.14) 

-2.561** 
(0.017) 
-0.26 

Recipient need model             
  GDP per capita  -0.0011** 

(0.011) 
-0.0003 

  -0.0002 
(0.123) 

  3.79e-05 
(0.816) 

  -0.0003 
(0.126) 

 

  Human development index  24.34*** 
(0.01) 
0.77 

  5.512 
(0.18) 

  2.095 
(0.781) 

  1.561 
(0.745) 

 

  GDP growth rate  0.475** 
(0.024) 
0.015 

  0.21 
(0.08) 

  0.085 
(0.69) 

  0.251* 
(0.083) 
0.038 

 

  Environment health index  -0.0764 
(0.223) 

 

  0.014 
(0.639) 

  -0.0204 
(0.719) 

  0.054 
(0.135) 

 

Donor interest model             
  GEF biodiversity index   0.041 

(0.149) 
 

  0.103** 
(0.01) 
0.021 

  0.075* 
(0.08) 
0.003 

  0.232** 
(0.027) 
0.024 

  Governance index   -1.135 
(0.573) 

  -1.757 
(0.317) 

  0.547 
(0.889) 

  0.176 
(0.926) 

  Ease of doing business   -1.323 
(0.452) 

  -0.967 
(0.514) 

  -0.114 
(0.971) 

  -1.32 
(0.45) 

  Experience    1.695 
(0.252) 

  2.908** 
(0.02) 
0.618 

  -2.376 
(0.391) 

  2.503* 
(0.085) 
0.261 

Constant -1.51*** 
 

-11.95*** 
 

-1.206 -0.356 -4.226*** -0.138 -3.861*** -4.566 -4.131** -0.965** -4.263** -1.858* 

Observations 82 76 78 82 76 78 82 76 78 82 76 78 
R-Square 0.0501 0.3586 0.1163 0.0271 0.136 0.2136 0.3647 0.306 0.4343 0.2527 0.3626 0.4247 

Notes: 1. P-value in parentheses. 2. Marginal effects are in italic font; third row for each variable with statistically significant coefficients.  
3. *significant at 10% level; ** significant at 5% level; *** significant at 1% level.  



 

 35 

 
 
Table 2-9 Negative binomial models: number of readiness program country participate 

 model 13 model 14 model 15 
 Number of readiness programs  
  Forest carbon (in 1,000 
million tonnes) 

0.083* 
(0.06) 

 

0.06 
(0.106) 

 

0.043 
(0.32) 

  Rate of forest loss 2005-
2010 

-0.161 
(0.27) 

 

-0.194 
(0.205) 

 

-0.181 
(0.27) 

  Population 0.0006 
(0.65) 

-0.006 
(0.715) 

-0.004 
(0.25) 

  Land area  (in 100,000,000  
of Ha) 

-0.48 
(0.167) 

-0.353 
(0.264) 

-0.52 
(0.11) 

Recipient need model    
  GDP per capita  -0.0001* 

(0.067) 
 

  Human development index  5.06** 
(0.028) 

 

  GDP growth rate  0.161** 
(0.019) 

 

 

  Environment health index  -0.006 
(0.717) 

 

Donor interest model    
  GEF biodiversity index   0.031*** 

(0.006) 
  Governance index   -0.864 

(0.35) 
  Ease of doing business   -0.493 

(0.51) 
  Experience    1.061 

(0.104) 
    
Constant -0.430** -3.331** -0.304 
Observations 82 76 78 
R-Square 0.2527 0.1274 0.1222 

Notes: 1. P-value in parentheses. 2. *significant at 10% level; ** significant at 5% level; *** significant at 1% level 
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Table 2-10 Stage 2: The allocation of REDD+ readiness fund among recipient countries 

 model 16 model 17 model 18 model 19 model 20 model 21 
 UN-REDD Fund All funds 
  Forest carbon  118.1 

(0.66) 
 

448.86 
(0.28) 

 

65.35 
(0.76) 

-674.06** 
(0.04) 

-809.18** 
(0.012) 

-807.26** 
(0.02) 

  Rate of forest 
loss 2005-2010 

-223,815 
(0.663) 

 

-46820.9 
(0.935) 

 

-953482* 
(0.085) 

1124125 
(0.329) 

1029779 
(0.36) 

241185 
(0.84) 

  Population -8,579 
(0.35) 

-8399.5 
(0.532) 

-49161.35** 
(0.022) 

49197.7* 
(0.078) 

59311.3** 
(0.02) 

-8069.4 
(0.82) 

  Land area  (in 
100,000,000  of 
Ha) 

0.012 
(0.61) 

-0.003 
(0.91) 

0.027 
(0.165) 

0.042* 
(0.088) 

0.042* 
(0.084) 

0.04 
(0.118) 

Recipient need 
model       
  GDP per 
capita 

 -497.6 
(0.48) 

  725.18 
(0.27) 

 

  Human 
development 
index 

 1.47e+07 
(0.343) 

  2.00e+07 
(0.2) 

 

  GDP growth 
rate 

 1519731* 
(0.08) 

 

  -814430.6 
(0.149) 

 

 

  Environment 
health index 

 -77981.03 
(0.474) 

  -254294** 
(0.028) 

 

Donor interest 
model 

      

  GEF 
biodiversity 
index 

  87076 
(0.154) 

  245398** 
(0.015) 

  Governance 
index 

  -1.48e+07** 
(0.04) 

  -9233249 
(0.215) 

  Ease of doing 
business 

  1.09e+07** 
(0.02) 

  1874752 
(0.75) 

  Experience    3604681 
(0.132) 

  -2994043 
(0.363) 

       
Observations 14 13 14 40 39 40 
R-Square 0.2155 0.2356 0.6018 0.211 0.445 0.367 

Notes: 1. P-value in parentheses. 2. *significant at 10% level; ** significant at 5% level; *** significant at 1% level 
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Table 2-11 Logistic regression results on countries with REDD+ projects and target countries for USAID 

 
 model 22 model 23 
 Countries with REDD+ 

projects 
Potential target countries for 

USAID 
  Forest carbon 0.000848* 

(0.06) 
0.00014 

0.0054** 
(0.014) 
0.0011 

  Rate of forest loss 2005-2010 -0.706* 
(0.082) 
-0.12 

-4.11** 
(0.025) 
-0.86 

  Population -0.00207 
(0.666) 

-0.05 
(0.194) 

  Land area -2.48e-08** 
(0.012) 

-4.21e-09 

-2.74e-08* 
(0.099) 

-5.74e-09 
Recipient need model   
  GDP per capita 0.000101 

(0.365) 
-0.000159 

(0.701) 
  Human development index -6.07 

(0.291) 
-1.21 

(0.913) 
  GDP growth rate 0.06 

(0.642) 
-0.75 

(0.113) 
  Environment health index 0.04 

(0.324) 
-0.129 
(0.203) 

Donor interest model   
  GEF biodiversity index 0.284** 

(0.013) 
0.04 

0.043 
(0.472) 

  Governance index -1.12 
(0.635) 

10.43 
(0.113) 

  Ease of doing business 0.228 
(0.918) 

8.145 
(0.178) 

  Experience  2.54 
(0.12) 

 

9.68** 
(0.047) 

1.71 
Constant -1.476 -10.5* 

 
Observations 75 75 

Notes: 1. P-value in parentheses. 2. Marginal effects are in italic font; third row for each variable. 3. *significant at 10% level; ** significant 
at 5% level; *** significant at 1% level.  
 
 

 



 

 38 

2.7 Discussion 

Although there are differences among the three multilateral organizations in their 

distribution of REDD+ readiness fund, the analysis of each and the aggregation provided 

more support for the donor interest model than the recipient needs model.  Another way to 

interpret the estimation results is that the allocation of funds reflects more support for global 

commons interests than local environmental needs.  UN-REDD appears to be more sensitive 

to local economic needs than the other multilateral programs (FCPF and FIP).  Countries that 

are poorer, with lower GDP per capita, have a higher probability of joining UN-REDD.  This 

is consistent with previous findings that multilateral aid tends to go to poor countries, 

compared to bilateral aid (Clark, 1992).  In contrast, estimation results for FCPF, FIP and the 

aggregated model provide more support for the donor interest model.  Donors’ interest in 

global environmental commons are evident in these models, particularly in the aggregated 

model where both forest carbon and biodiversity richness are top priorities.  If donors’ 

interests drive funding decisions, then it is logical that global environmental indicators are 

more statistically significant than the index of local environmental health.  

Donor’s concerns over the effectiveness of aid, represented through their preference 

over governance capability and investment climate in recipient country, do not show any 

significance in any of the models in the selection stage.  While not statistically significant, 

the governance index has a consistent and positive sign across the models, suggesting that 

donors may favor high level of government effectiveness.  Effect of governance may be 

masked by multicollinearity with other variables in the model.  With regards to ease of doing 

business, even though it presents positive sign in the aggregated model, there are mixed signs 
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across the three readiness programs.  The assumption this chapter proposed earlier that 

donors would favor to contract with recipient countries that are able to provide attractive 

environment for high “rate-of-return” on donor’s investment does not hold.  

Factors suggested by the recipient need model have very limited explanatory power for 

either the selection of countries or the allocation of funds for REDD+ readiness programs.  

There is no evidence that participation is driven by concerns for local environment problems, 

such as pollution.  Due to the bias toward global environmental interests, REDD+ readiness 

aid does go to countries with biodiversity and forest carbon potential, but not so much to 

countries with existing local environmental problems.   

Several obvious country characteristic variables for REDD+ readiness participation do 

not have significant results. For instance, deforestation rate and governance index do not 

have any significant results in any of the readiness mechanism models and REDD+ project 

model (model 1-4).  This is also true when these two are the only variables in the model.  

One possible explanation for lack of statistical significance is that these variables have 

opposite effects in donor interests and recipient needs models.  For example, maybe countries 

with low deforestation rates are already seeking to conserve or have low opportunity costs 

and are therefore more interested in participating in REDD+, whereas donors are more 

interested in bringing in countries with rapid deforestation.  Forest carbon only comes up 

significant for the aggregate readiness mechanism variable.  It is not significant in any of the 

individual models.  Remote sensing capability and past environmental market experience 

seem to be the consistent variable that has significant impact on either individual or 
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aggregate models.  It also has positive effect, along with biodiversity index, on the number of 

readiness mechanisms countries participate.   

The results of the chapter show that donor interests, even though not the traditional 

political and economic interests, better explain the allocation of REDD+ readiness fund than 

recipient needs.  The concerns for global commons outweigh the concerns for local 

environmental problems. The findings contrast with some of the previous studies claiming 

that multilateral donors’ actions are better explained by recipient needs (Clark, 1992).  The 

reasons may be because of the different variables used or the shift of donor’s motivations.  

As more bilateral donors involve in REDD+ readiness aid giving, it would be worthwhile to 

compare the differences between bilateral donors and multilateral donors in aid allocation 

pattern. 
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Chapter 3:  Sub-national Geography of REDD+ project 

3.1 Introduction 

Reduced Emissions from Deforestation and Forest Degradation (REDD+) has 

gained momentum as a climate change mitigation strategy that can be implemented at 

multiple scales. In developing countries, the most advanced initiatives are projects that 

aim to capture carbon funding from the voluntary market, bilateral initiatives, or a future 

compliance-based fund or market.  Here, I use the broadest definition of REDD+ 

projects, including (1) reduced or avoided deforestation and degradation (REDD) 

projects; (2) improved forest management projects (+)5; and (3) afforestation and 

reforestation (AR) and restoration projects.6 The general expectation is that these projects 

will provide important lessons and guidance for incorporating REDD+ into future 

international agreements on climate change. In this context, it is important to examine the 

spatial distribution of projects, as that both provides insight on where REDD+ is 

considered most viable and shapes the broader applicability and therefore the 

generalizability of lessons from these projects. 

In the short history of REDD+ project development, there has been little rigorous 

impact evaluation (Caplow, Jagger, Lawlor, & Sills, 2011).  While certification schemes 

for the voluntary carbon market (e.g., VCS) do require explicit attention to establishing a 

counterfactual (typically called a ‘reference level’ or ‘baseline’) for purposes of 

monitoring carbon, this same level of rigor and a consistent counterfactual are rarely if 

                                                 
5 According to UNFCCC Decision 2/ CP.13, REDD+ includes reducing emissions from deforestation and 
forest degradation in developing countries; and the role of conservation, sustainable management of forests 
and enhancement of forest carbon stocks. 
6 While policy discussions typically distinguish AR (in non-forest areas) from REDD+ (in forest areas), in 
practice it is difficult to categorize projects. Many projects are starting with AR with the intention to 
expand into REDD, or have some element of AR as part of a restoration plan. 
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ever applied to socioeconomic impacts (Caplow, Jagger, Lawlor, & Sills, 2011).  The 

first step towards rigorous impact evaluation using quantitative methods (e.g., by 

constructing a matched set of project and control sites) would be to understand how 

project sites are selected.  Site selection can also be examined through the lens of 

efficiency, i.e., asking whether projects have been established in areas with high benefit-

cost ratios.  For instance, an area with a high threat of deforestation but low opportunity 

cost could be considered an “efficient” site for REDD+ projects.   

In this chapter, I analyze the spatial distribution of projects, identifying factors 

that are expected to drive site selection and testing those in the three countries with the 

greatest number of REDD+ projects in Africa, Latin America, and Asia. 

3.2 Study Area 

3.2.1 Brazil 

Brazil has one of the world’s largest forest areas and largest forest carbon stock 

(Saatchi et al., 2011).  It also has the greatest number of REDD+ projects (using the 

broad definition of REDD+ given in the introduction). Most of the REDD+ projects in 

Brazil are located in the Amazon. States that have higher deforestation tend to have 

more projects (as shown by positive significant correlation between number of projects 

and the average area deforested per year).  The state of Mato Grosso, known for high 

deforestation in recent years, has the greatest number of projects. The remaining 

REDD+ projects are located in the Atlantic Costal Forest, with the majority of them AR 

and restoration projects. Figure 3-1 shows the spatial distribution of projects in Brazilian 

states, compared to population and road densities. 
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Figure 3-1 Number of REDD+ projects in Brazil, by state 

 

3.2.2 Indonesia 

Indonesia has the third largest forest area in the world (Saatchi et al., 2011) and 

the greatest number of REDD+ projects in Asia.  The majority of REDD+ projects in 

Indonesia are located on Borneo Island.  The provinces of East Kalimantan, Central 

Kalimantan and West Kalimantan have the highest number of projects.  Provinces with 

high forest cover generally have more projects than those with less forest cover.  Figure 

3-2 shows the distribution of forest cover and number of REDD+ projects in Indonesia.  

Darker shade of green on the map represents higher forest cover, while a larger red dot 

symbolizes higher number of REDD+ projects in a province. 
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Figure 3-2 Number of REDD+ projects in Indonesia, by province 

 

3.2.3 Tanzania 

Tanzania has high rates of loss and degradation of the Miombo (in central 

Tanzania) and coastal forests, with serious negative socio-economic and environmental 

consequences (Richards, Blomley, Otsyina, & Mgoo, 2009).  Tanzania has the highest 

number of REDD+ projects of any country in Africa.  Most of the projects are sponsored 

by the Norwegian government.  REDD+ projects in Tanzania are located from the 

northern to the eastern part of the country and on the island of Zanzibar.  Figure 3-3 

shows the number of REDD+ project by region in Tanzania. 
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Figure 3-3 Number of REDD+ projects in Tanzania, by district 

 

3.3 Literature Review 

3.3.1 Distribution of REDD+ activities 

The scientific literature on REDD+ has examined in detail many technical issues 

related to leakage, additionality, reference level and monitoring, reporting and 

verification (MRV), and designing a finance mechanism (Angelsen et al., 2009; Graham 

& Thorpe, 2009; Herold & Skutsch, 2009; Wertz-Kanounnikof, Verchot, Kanninen, & 

Murdiyarso, 2008).  There are relatively few empirical studies of actual experiences of 

REDD+ or predecessor forest carbon projects (Caplow, Jagger, Lawlor, & Sills, 2011).   

One key to evaluating these experiences is to understand site-selection. There is a small 

literature (both scientific and gray) that examines actual or proposes appropriate criteria 

for site selection. 
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In a guide to REDD+ project development, Calmel et al. (2010) suggest selection 

criteria based on carbon potential and financial feasibility.  Indicators of carbon potential 

include the existence of forest ecosystems, threat of deforestation, support of 

stakeholders, degree of natural risk, and political, financial and legal security in the 

country (Calmel et al., 2010).  Indicators of financial feasibility are investors’ interest, 

cost-effectiveness of project activities and project’s social and environmental 

acceptability (Calmel et al., 2010).  Focusing at the national level, Phelps et al. (2010) 

considers a wider range of factors for site-selection, including forest governance, 

conservation priorities and local tenure issues, to demonstrate that countries with little 

carbon additionality but strong enabling environments for REDD+ could provide 

investors low-risk opportunities. 

Cerbu el al. (2011) looks into the motivations of project developers and investors 

for selecting particular countries for readiness and demonstration activities. They find 

that the criteria most often cited in project design documents are benefits for biodiversity, 

followed by benefits for communities, and lastly the threat of deforestation.  Wertz-

Kanounnikoff and Kongphan-apirak (2009) argues that the key considerations for sitting 

REDD+ readiness and demonstration activities can be organized into the categories of 

‘costs’ and ‘benefits’. Costs include opportunity cost and transaction cost, while benefits 

refer to carbon, biodiversity and poverty reduction. 

3.3.2 Related literature on targeting conservation investments 

REDD+ can be seen as an international scheme of payment for environmental 

services (PES) (Engel, Wunscher, & Wunder, 2009).  Most PES schemes pay landowners 

for particular management actions, such as maintaining forest cover, which protect 
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environmental services.  Both REDD+ and PES are framed in terms of ecosystem 

services, potentially involve contingent cash transfers, and offer possibilities of co-

benefits (Martin, 2010).  PES programs are particularly popular in the Americas, with 

schemes operating in Costa Rica, Mexico and Brazil (Wunder, 2007).  Costa Rica has 

been implementing some form of PES since 1979, when the first Forestry Law 

established tax-based incentives (Sierra & Russman, 2006).  In 1997, Costa Rica 

implemented an explicit payments program, called the program of Pago de Servicios 

Ambientales or PSA (Arriagada, Ferraro, Sills, Pattanayak, & Cordero-Sancho, 2012).  

This program offers landowners throughout the country a flat payment per hectare for 

five years for forest conservation, with no explicit targeting.  However, in many years, 

the program has been oversubscribed, creating an opportunity for efficiency gains by 

spatial targeting that has been extensively discussed in the literature. 

Approaches for identifying priority area for PES can be classified into three 

groups: (1) benefit targeting, (2) cost targeting, and (3) benefit-to-cost targeting 

(Babcock, Lakshminarayan, Wu, & Zilberman, 1997).  Imbach (2005) is an example of 

benefit targeting focused on types of environmental services provided and risks to those 

services.   In this study, risks include deforestation probabilities and risk that would 

impact forest plantation and agroforestry activities.  For deforestation, population density, 

distance to road and slope are the possible risks.  As for forest plantation and agroforestry 

activities, lands that are suitable for annual crops represent the highest threat to forest 

plantation.  Alix-Garcia et al. (2005) and Wunscher et al. (2008) are examples of benefit-

to-cost ratio targeting. Benefits considered in Wunscher et al. (2008) include various 
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environmental services: biodiversity, carbon, hydrological and scenic beauty.  Costs, at 

the other end, are transaction cost, opportunity cost, and direct cost of protection.   

There is also a literature on targeting in the context of conservation area planning.  

For example, in developing a framework for prioritizing conservation areas, Wilson et al. 

(2009) consider assets, threats and costs as key elements. Assets refer to threatened 

species, areas of high species richness or functioning ecosystems.  Understanding the 

threats is necessary to evaluate the risk of losing the assets.  Costs associated with actions 

taken to mitigate the threats is the third key element, including cost of management, 

opportunity costs, stewardship costs, social costs, transaction costs, and the costs of 

information acquisition and planning (Wilson et al. 2009). 

3.3.3 Project Proponent Interview 

I interviewed 25 project proponents regarding the importance of different factors 

in their institutions’ decisions on REDD+ project sites during COP15 in December 2009. 

Proponents were selected based primarily on availability during COP15.  48% of the 

proponents interviewed said they are most familiar with Asia, 44% with Latin America 

and 28 % with Africa.  72% of the project proponents are in NGO sector, 20% in private 

sector and 8% in governmental sector.  I listed 15 possible site-selection criteria and 

asked project proponents to rate the importance (questionnaire is listed in Appendix A). 

A Likert scale with five levels was used to elicit the importance of potential site-selection 

criteria, where 1 represents “not important at all,” while 5 represents “among the most 

important.”  The top five factors (based on Likert scale responses) were deforestation 

rate, forest carbon content, biodiversity, interest of donor, and governance.  The interview 

results suggest that risk and benefit are the major considerations. 
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3.4 Conceptual Framework 

The literature on REDD+ demonstration activities and PES both discuss targeting 

in terms of costs (opportunity cost that has to be compensated or otherwise overcome by 

PES or other project incentives), benefits (species and ecosystem services), and risks (the 

threat that the environmental service will be lost or carbon will be emitted if there is no 

intervention).  There is a consensus in the literature that cost, benefit, combinations of 

both, and risk are the major criteria that should be used for targeting PES project sites.  

The small literature on the distribution of REDD+ activities also suggests that both costs 

(opportunity cost and transaction cost) and benefits (community, biodiversity and carbon 

benefits) have been key considerations influencing proponents’ site-selection decisions. 

Based on the literature and interview results, this study hypothesizes that the 

costs, benefits and risks presented by sub-national units (e.g., provinces or municipalities) 

determine the probability that they will attract REDD+ projects.  Specifically (i) 

opportunity cost, or the forgone profits from alternative land uses such as subsistence 

agriculture, timber sale and cash crops, (ii) potential carbon and co-benefits, and (iii) risk 

of future deforestation, which in turn can be proxied by factors known to drive 

deforestation including recent deforestation rate, road density, and population density.  

Holding benefits and risks constant, higher alternative land use value, meaning higher 

opportunity cost, is hypothesized to deter investments in REDD+ project.  On the other 

hand, holding cost constant, areas with higher potential benefits and higher risks would 

attract more REDD+ projects because of their potential for additionality and co-benefits. 

In particular, the main purpose of most REDD+ projects is to avoid deforestation, and 

thus areas with high threat of deforestation should be of particular interest, all else equal. 



 

 50 

3.5 Empirical Strategy 

These explanatory variables consist of indicators of costs, benefits and risks, as 

suggested by literature review and interviews with proponents (see Table 3-1).  For cost, I 

focus on opportunity cost of land, using the metric developed by Naidoo et al. (2007).  A 

significant amount of land area is required to grow and protect a forest.  The opportunity 

cost represents the value of the land through estimating how much revenue the next 

highest-valued use could generate (Deveny et al., 2009).  Naidoo et al (2007) estimated 

the gross economic benefits derived from agricultural lands at a scale of 5’ resolution for 

the entire globe (Naidoo & Iwamura, 2007).  The potential yields and actual distributions 

of 42 crop types, including wheat, rice, maize, and barley, are combined to develop a map 

of yield per hectare.  Producer prices are then used to derive the gross economic rents per 

hectare. Maps of actual crop distributions were then used to estimate the current 

distribution of crop producer prices to finally estimate gross rents for each crop (Naidoo 

& Iwamura, 2007). Opportunity cost is then calculated as the present value of foregone 

revenue from agriculture over the next 100 years (Deveny et al., 2009).  This assumes 

that all the forgone revenue into the future from agriculture and timber represents the 

total value of the land and hence the total opportunity cost of preserving unmanaged 

forest on that land.  These spatial data were clipped with the administrative units in the 

three countries to determine average opportunity cost for each administrative unit. 

In the benefit category, percent of land in protected area is used as a proxy for 

potential biodiversity co-benefits.  Data are obtained from the 2010 release of the World 

Database on Protected Areas (WDPA), a joint project of United National Environment 

Programme (UNEP) and International Union for Conservation of Nature (IUCN).  The 
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WDPA includes nationally designated and internationally recognized protected areas.7  

The poverty index is used as a proxy for potential poverty alleviation co-benefits of 

REDD+ projects.  In theory, proponents and funders focused on poverty alleviation 

should prefer to locate projects where poverty rates are higher, although a high poverty 

index does not necessarily imply the greatest impact on poverty.  Note that both of these 

proxies for co-benefits could also be perceived as potential negatives: the existence of 

protected areas could be perceived to reduce additionality, and a high poverty index could 

increase the socio-economic challenges for a project.  Forest carbon is the third benefit 

indicator included in the model.  Targeting areas with high forest carbon increases the 

possible carbon additionality of a project.  

In the risk category, road density, population density and historical deforestation 

rate are included as widely accepted indicators of deforestation pressure.  Roads have 

been identified as a key driver of deforestation throughout the tropics (Chomitz & Gray, 

1996; Liu, Iverson, & Brown, 1993; Nelson & Hellerstein, 1997; Pfaff et al., 2009).  

Examining deforestation in the Amazon, for instance, Pfaff found that road density in a 

municipality is associated with higher deforestation in both that municipality (Pfaff, 

1999) and nearby municipalities (Pfaff & Sanchez-Azofeifa, 2004).  Road density is 

derived from the Digital Chart of the World and measured as the proportion of total 

length of roads present in each administrative unit (in meters) divided by the size of the 

administrative unit in square meters.  The second risk factor is population density, which 

also has been found related to deforestation (Carr, 2004; Mather, Needle, & Fairbairn, 

1998; Reis & Margulis, 1991).  The third risk factor is the deforestation rate from 2000-

                                                 
7 In the debate over REDD+, the issue of additionality and protected areas is highly contentious. However, I am 
considering administrative units that are only partially covered by protected areas, leaving plenty of scope for REDD+ 
projects to provide additional protection of biodiversity in buffer zones around those protected areas. 
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2005, since there is generally a higher probability of new deforestation near previous 

deforestation, especially in frontier settings (Amazonas Sustainable Foundation, 2011; 

Reis & Margulis, 1991; Wildlife Works Carbon, 2010).  Data on deforestation rates are 

derived from Hansen et al. (2008), who analyze 2000 to 2005 gross forest cover loss for 

the globe.  The data represent percent forest cover loss per pixel, which is about 18 km2.  

I used Zonal Statistics tool in ArcMap to extract percent of forest cover loss in each 

administrative unit.  Some cells in the original dataset contain NoData, contributing to the 

lack of forest loss data in some administrative units.  Finally, land area of the 

administrative units is included in the model to capture this basic difference in the area 

available for REDD+ projects. 
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Table 3-1 Independent variables: data description 

 N Mean Std. Dev. 
Brazil municipality    
Opportunity Cost1 5374 835.92 720.51 
Percent of land in protected area2 5562 0.09 0.27 
Poverty index 20033 5507 0.41 0.15 
Land area (km2) 3 5564 1551.37 5723.80 
Population density3 5564 105.38 570.43 
Road density (km/ km2) 6 5564 0.08 0.09 
Forest Loss (% per year)7 4319 1.0356 2.47 
Number of project 5564 0.03 0.20 
Indonesia district    
Opportunity Cost1 422 760.67 694.84 
Percent of land in protected area2 440 0.13 0.18 
Poverty index4 440 0.16 0.14 
Land area (km2) 4 440 4607.30 6941.97 
Population density4 439 865.12 2096.08 
Road density (km/ km2) 6 440 0.11 0.13 
Forest Loss (% per year) 7 397 1.464 1.8791 
Number of project 440 0.15 0.50 
Tanzania district    
Opportunity Cost1 130 636.34 625.34 
Percent of land in protected area2 132 0.23 0.34 
Poverty index5 126 35.28 12.91 
Land area (km2) 5 132 7002.08 7908.35 
Population density 20025 127 359.79 1070.14 
Road density (km/ km2) 6 132 0.65 2.05 
Forest Loss (% per year) 7 119 0.7649 0.3468 
Number of project 133 0.13 0.34 

Data sources: 
1. Naidoo et al, 2007  
2. Data was derived from UNEP-World Conservation Monitoring Centre, 2009. 
3. Brazilian Institute of Geography and Statistics (IBGE) www.ibge.gov.br/english/ 
4. Statistics Indonesia. http://www.bps.go.id/ 
5. Tanzania National Bureau of Statistics. www.nbs.go.tz 
6. Data was derived from Digital Chart of the World. 
7. Hansen et al., 2008 

 

3.6 Methods and procedures 

In order to test the hypothesis, I first catalog all REDD+ projects in Brazil, 

Indonesia and Tanzania, identifying the administrative units where they are located. 

Municipality in Brazil, district in Indonesia and district in Tanzania are the smallest units 
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with available data.  One project may be located across several administrative units, 

where each unit was marked as having one project.  Projects that are in certification 

process provide more detailed information on the location from project design 

documents.  For many projects, I only know they exist, their basic strategy for reducing 

forest carbon emissions, and their location, but not land area or planned reduction in 

carbon emissions.  These data constraints lead me to model probability of a sub-national 

administrative unit having at least one project, or the count of projects in a sub-national 

administrative unit.  I select these three countries, because Brazil, Indonesia and Tanzania 

have the greatest number of REDD+ projects in Latin America, Asia and Africa 

respectively.  Further, all three countries have been central to policy discussions about 

REDD+.  The distribution of REDD+ projects in the three countries is described in 

section 3.2. 

Next, I build a database with characteristics of the administrative units that 

represent benefits, costs, and risks relevant to REDD+ projects.  This allows me to map, 

graph, and calculate bivariate statistics of REDD+ project distribution in relation to unit 

characteristics.  Finally, I estimate multivariate statistical models to examine 

determinants of REDD+ project spatial distribution in each study country. Dependent 

variables are either a binary indicator of whether a unit has at least one REDD+ project, 

or a count of REDD+ projects in each administrative unit.  I estimate Logit models of the 

probability that a unit has at least one project, and count models of the number of 

projects. 
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3.6.1 REDD+ Project Catalog 

One of the outputs of the Global Comparative Study on REDD+ (GCS-REDD+) 

of the Center for International Forestry Research (CIFOR) is a catalog of REDD+ 

project worldwide.  The catalog employs a broad definition of REDD+ projects, 

including (1) reduced or avoided deforestation and degradation (REDD) projects; (2) 

improved forest management projects and restoration projects (+); and (3) afforestation 

and reforestation (AR) projects.  The catalog was initially compiled by internet searches, 

email correspondence with project proponents, review of reports that list projects, and 

information from experts on different countries.  Internet research focused on websites 

that provide lists of REDD+ projects, including the Forest Carbon Portal, Climate, 

Community and Biodiversity Alliance (CCBA), Verified Carbon Standard (VCS), and 

World Bank Carbon Finance Unit.  I further identified the locations of projects in order 

to determine the count of projects in each administrative unit in the study countries. 

 

Table 3-2 Dependent variable data description 

 Brazil Indonesia Tanzania 
# of admin. units 5564 440 133 
# of admin. units with at least one 
project 143 47 17 
% of administrative units with at least 
one REDD project 2.50% 10.60% 12.70% 
Mean for units with projects 1.1888 1.3829 1 
Std. Dev. for units with projects 0.4588 0.8223 0 
 

3.7 Results 

3.7.1 Location of REDD+ projects and local characteristics 

The relationships between characteristics of administrative units and the 

occurrence of REDD+ projects are illustrated in the following boxplots.  Boxplots show 
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the distribution of the dataset.  The line inside the rectangle represents the median of the 

distribution.  The upper and lower boundaries of the rectangle indicate the upper quartile 

and the lower quartile respectively.  The two lines outside of the rectangle are lower 

extreme and upper extreme values.  Consider the percent of administrative units in 

protected areas as an example attribute.  In Brazil and Indonesia, administrative units that 

have REDD+ projects have higher median percentage areas in protected status, although 

the inner quartiles (the boxes) overlap.  The relationship remains the same after removing 

areas that have higher population density and are more developed economically (outside 

of the Amazon and Java, respectively).  In Brazil, municipalities in the Legal Amazon 

that have at least one REDD+ project have higher median of percentage in protected area. 

In Indonesian districts on outer islands (after removing Java Island from the dataset), the 

same relationship occurs.  For Tanzania, the box plots suggest the opposite relationship 

between percent in protected area and existence of REDD+ projects. 
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Figure 3-4 Boxplots showing percent of land in protected area in administrative units, by existence of projects 

 
In terms of forest carbon content, administrative units with at least one REDD+ 

project in Brazil and Indonesia have higher median forest carbon than administrative 

units without a project.  Again, the same relationship does not appear in Tanzania.  

Another observation from the boxplots is that districts in Indonesia that do not have a 

REDD+ project have a much wider variation of forest carbon than districts with at least 

one project.  In Tanzania, the opposite is true. 
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Figure 3-5 Boxplots showing forest carbon density in administrative units, by existence of projects 

 

3.7.2 Logistic regression results 

3.7.2.1 Cross-country comparison 

In multivariate logistic regressions for Brazil, the probability of at least one 

REDD+ project in a municipality is significantly and positively related to percent of land 

in protected area, population density, deforestation rate and total land area.  Controlling 

for these other factors, the probability is significantly and negatively related to road 

density.  In Indonesia, the probability of having at least one REDD+ project is 

significantly and positively related to percent of land in protected area, carbon density, 

deforestation rate and land area in districts.  In Tanzania, different characteristics are 

statistically significant.  The probability of having at least one REDD+ project is 

significantly and positively related to poverty rate and carbon density.  It is negatively 

related to opportunity cost.  The characteristics that have statistical significance in both 

Brazil and Indonesia have consistent signs.  For instance, the higher the percentage in 

protected area, carbon density and deforestation rate, the higher probability of having at 

least one project in Brazil and Indonesia.  I also conducted sensitivity analysis by 

estimating the model (i) without the most populated and developed areas in Brazil and 

Indonesia (Table 3-3), (ii) for the incidence of avoided deforestation and degradation 
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(REDD) projects only (excluding AR projects) (Table 3-4), and (iii) as negative binomial 

count models with the number of projects in each administrative unit as the dependent 

variable (Table 3-5). 

3.7.2.2 Restricting sample to less-populated areas in Brazil and Indonesia 

In Brazil, there are several differences in estimation results for the Amazon as 

compare to the entire nation.  In the Amazon, opportunity cost and deforestation rate have 

positive and significant effects on the probability of project existence.  Percent in 

protected area, carbon density and road density become statistically insignificant in the 

Amazon region.  This lack of significance may be due to the more uniform landscape and 

development in the Amazon, meaning that there is less variation in the data.  In the case 

of road density, its negative effects in the model based on all municipalities in Brazil may 

reflect a tendency to place REDD+ projects in more remote locations.  However, in the 

Amazon, this may be counterbalanced by the fact that there is more deforestation threat 

and thus potentially more additionality where there are more roads.   

In Indonesia, the regression results remain largely consistent when estimated from 

data only for districts outside of Java Island.  The only differences are that significance 

levels for carbon density and deforestation rate decrease when Java is removed from the 

sample.  In the less populated districts in Indonesia, protected area and population density 

affect the probability of REDD projects.  

The regression results for REDD projects (excluding AR projects), estimated with 

the Legal Amazon and outer islands samples, indicate that road density and deforestation 

rate are important factors for REDD project site-selection in the Amazon (see Table 3-4). 
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Forest carbon becomes insignificant in both the Brazilian Amazon and Indonesia outside-

Java areas in estimation results for REDD projects. 

 

Finally, the results from Negative Binomial models  (Table 3-5) are broadly 

similar to the logistic models, with the exception of population density in Indonesia.  The 

higher the population density in an Indonesian district, the fewer REDD+ projects have 

been launched in that district. 

 
Table 3-3 Logistic models: probability of having REDD+ project in administrative units 

 Brazil Indonesia Tanzania 
 All Amazon All Outer islands  
Variable With/ without Project 
Opportunity cost 0.000151 

(0.232) 
0.000499* 

(0.056) 
-0.000442 

(0.361) 
-0.000184 

(0.721) 
-0.00217** 

(0.046) 
% of land in 
protected area 

0.730*** 
(0.000) 

0.273 
(0.410) 

2.881*** 
(0.001) 

2.841*** 
(0.001) 

-2.142 
(0.273) 

Poverty rate -1.082 
(0.117) 

-0.225 
(0.841) 

1.206 
(0.361) 

1.21 
(0.355) 

7.845*** 
(0.007) 

Forest carbon  0.00687*** 
(0.000) 

-0.00215 
(0.525) 

0.00694** 
(0.017) 

0.00562* 
(0.057) 

-0.0103* 
(0.074) 

Population density 0.000384*** 
(0.002) 

-0.0394** 
(0.038) 

-0.00151 
(0.150) 

-0.00268 
(0.182) 

-0.00448 
(0.186) 

Road density -8.515*** 
(0.000) 

-4.887 
(0.302) 

-1.051 
(0.603) 

-0.739 
(0.723) 

-0.359 
(0.782) 

Deforestation rate 0.0989*** 
(0.000) 

0.0496* 
(0.089) 

0.143** 
(0.040) 

0.127* 
(0.062) 

0.322 
(0.772) 

Area 5.20e-05*** 
(0.000) 

3.97e-05*** 
(0.000) 

4.05e-05** 
(0.036) 

3.56e-05* 
(0.080) 

-0.0000838 
(0.333) 

Constant -4.045*** -2.350*** -3.522*** -3.298*** -1.33 
Observations 4,134 724 391 302 114 

Note: P-value in parentheses. *significant at 10% level; * *significant at 5% level; ** *significant at 1% 
level 
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Table 3-4 Logistic models: probability of having REDD projects in administrative units 

 Brazil Indonesia 
 Amazon Without Java 
Variable With/ without Project 
Opportunity cost -0.000234 

(0.599) 
0.000518 
(0.472) 

% of land in protected area -0.0194 
(0.962) 

3.741*** 
(0.000) 

Poverty rate 2.254 
(0.174) 

-0.308 
(0.859) 

Forest carbon  0.00691 
(0.193) 

0.00112 
(0.757) 

Population density -0.036 
(0.193) 

-0.0115* 
(0.078) 

Road density -41.00*** 
(0.007) 

2.535 
(0.271) 

Deforestation rate -0.130* 
(0.086) 

0.0959 
(0.190) 

Area 3.02e-05*** 
(0.000) 

0.0000194 
(0.446) 

Constant -3.930*** -3.411*** 
Observations 724 302 

Note: P-value in parentheses. *significant at 10% level; * *significant at 5% level; ** *significant at 1% level 
 

 
Table 3-5 Negative binomial count model 

 Brazil Indonesia Tanzania 
Variable Number of Project 
Opportunity cost 0.000128  

(0.368) 
-0.000117 

(0.767) 
-0.00155* 

(0.079) 
% of land in protected area 0.723***  

(0.003) 
1.873*** 
(0.004) 

-1.791 
(0.308) 

Poverty rate -1.066  
(0.135) 

1.68 
(0.124) 

5.731** 
(0.013) 

Forest carbon  0.0102*** 
(0.000) 

0.00556** 
(0.029) 

-0.00705 
(0.116) 

Population density 0.000351** 
(0.028) 

-0.00189* 
(0.079) 

-0.00345 
(0.257) 

Road density -6.075** 
(0.010) 

-1.914 
(0.290) 

-0.166 
(0.870) 

Deforestation rate 0.103*** 
(0.000) 

0.0983** 
(0.032) 

0.285 
(0.771) 

Area 4.88e-05*** 
(0.000) 

5.66e-05*** 
(0.000) 

-0.0000502 
(0.460) 

Constant -4.538*** -3.354*** -1.839 
Observations 4,134 391 114 

Note: P-value in parentheses.  *significant at 10% level; * *significant at 5% level; ** *significant at 1% level 
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3.7.2.3 Estimating deforestation threat in Brazil 

Because of concerns about multicollinearity among variables representing 

deforestation risk, I utilized principal component analysis to create an index of 

deforestation risk and tested robustness of results to including that index rather than the 

individual variables in the model specification. Principal component analysis is a method 

for data reduction, combining many correlated variables into a smaller number of 

underlying dimensions (Hamilton, 2006).  I created an index of deforestation risk from 

the three variables: deforestation rate, road density and population density.  The index is 

mostly defined by road density and population density for their positive eigenvectors 

(Table 3-6).  Uniqueness value is the variance that is unique to the variable and not share 

with other variables.  The greater the uniqueness, the lower the relevance of the variable 

in the index.  Road density and population density again provide higher relevance to the 

index.  

The deforestation risk index was estimated in the Brazil model (2nd model in 

Table 3-7). When this measure of deforestation risk is included in the model, it has a 

negative effect on the probability of a municipality having at least one REDD+ project. 

Because the historical deforestation rate has the opposite relationship to this index than 

expected (negative eigenvector in Table 3-6), I also tested a model with the historical rate 

alone (3rd model in Table 3-7).   This measures of deforestation risk continues to have a 

positive and significant effect on the probability of a REDD+ project being present in the 

administrative unit.    
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Table 3-6 Principal component analysis 

Variable Eigenvectors Uniqueness 
Deforestation rate -0.5385 0.7100 
Road density 0.6743 0.5453 
Population density  0.5828 0.6603 

 
 
 
 

Table 3-7 Logistic models: probability of having REDD projects in administrative units in Brazil with different 
deforestation risk 

 Brazil  
 Original With defo. risk index With deforestation 

rate 
Variable With/ without Project 
Opportunity cost 0.000128  

(0.368) 
0.000292** 

(0.016) 
0.000205* 

(0.082) 
% of land in protected 
area 

0.723***  
(0.003) 

-0.432* 
(0.79) 

-0.333 
(0.16) 

Poverty rate -1.066  
(0.135) 

-1.602** 
(0.018) 

-0.801 
(0.227) 

Forest carbon  0.0102*** 
(0.000) 

0.0107*** 
(0.000) 

0.00747*** 
(0.000) 

Population density 0.000351** 
(0.028) 

  

Road density -6.075** 
(0.010) 

  

Deforestation rate 0.103*** 
(0.000) 

 0.114*** 
(0.000) 

Deforestation risk 
index 

 -10.41*** 
(0.000) 

 

Area 4.88e-05*** 
(0.000) 

0.000169*** 
(0.000) 

7.02e-05*** 
(0.000) 

Constant -4.538*** -4.43*** -4.61 
Observations 4,134 4134 4134 

Note: P-value in parentheses.  *significant at 10% level; * *significant at 5% level; ** *significant at 1% 
level 

 

3.8 Discussion 

Opportunity cost is consistently a significant factor only in Tanzania, where it has 

the expected negative sign.  In Brazil, when I consider only municipalities in the Legal 

Amazon, it has a counterintuitive positive sign.  One possible explanation is that 

proponents of these early pilot REDD+ projects have focused more on potential benefits.  
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Another possibility is that the FCI opportunity cost is not an appropriate measure for cost, 

e.g. because of measurement errors or because it does not consider transactions costs, 

which also may vary widely across administrative units.  With respect to benefits, percent 

of land in protected area and forest carbon are consistently statistically significant.  

Poverty rate, at least at the level of the administrative unit, is only statistically significant 

in Tanzania.  Regarding deforestation risk factors, all three - population density, road 

density and deforestation rate - have significant effects in Brazil, while in Indonesia, only 

deforestation rate turned out to have statistical significance.  There are, however, 

different signs for deforestation risk factors in Brazil.   It is possible that high road 

density, meaning areas are already too developed, creates opportunity costs not captured 

in the index.  The forest is already degraded because of high road density and therefore 

offers fewer co-benefits.  This effect of road density may dominate the principle 

component.  On the other hand, high historical deforestation seems to attract REDD 

projects, perhaps because REDD is fundamentally about slowing down deforestation and 

therefore easier to raise support for a project where there is evidence or rapid 

deforestation.  This study provides a snapshot of current REDD+ project spatial 

distribution.  It shows that REDD+ projects tend to be located in areas with high 

biodiversity, high carbon potential, and high risk of deforestation.  The projects are in 

areas representative where REDD+ project will be implemented.  However, one of the 

important factors that influences project co-benefit, poverty rate, does not play an 

important role in site-selection.   In the future if poverty reduction is the one of the main 

objectives for a REDD+ project, more focused effort needs to be placed in poverty rate. 
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Chapter 4:  Targeting areas for REDD+ Project in Tanzania 

4.1 Introduction 

The development and implementation of sub-national REDD+ projects are integral 

parts of a national REDD+ mechanism.  Both the design and the context of projects are 

determinants of project success.  Site selection is thus a critical step, as it determines the 

context of a project (Blom, Sunderland, & Murdiyarso, 2010).  Reducing emissions from 

deforestation is one of the goals for REDD+ projects, so better understanding of the spatial 

distribution of deforestation threats could lead to better site selection.  Threats of 

deforestation are multi-faceted and include biophysical, social and economic drivers.  For 

example, agricultural and ranch expansion, opening of new roads and migration of people to 

unexploited areas are the main reasons for forest clearing in the Amazon (Azevedo-Ramos, 

2008).  Determining the likelihood of deforestation in a given area is important so that 

resources can be allocated to prevent future deforestation more effectively.  Identifying 

forested areas that face high threat of deforestation and have high forest carbon can increase 

the efficiency of REDD+ projects.  Methods that have been developed for targeting other 

conservation investments could be applied to increase the efficiency of REDD+, as I 

illustrate for the case of REDD+ project siting in Tanzania. 

With rapid growth in population and resource use, pressure on natural resources has 

intensified while resources to manage those pressures remain limited.  Thus, effective 

allocation of conservation effort is becoming increasingly critical.  Efficiency can be 

increased through targeting, e.g. allocating payments for environmental services (PES) to 
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areas where they will have the greatest impact (Wunscher, Engel, & Wunder, 2008). REDD+ 

has been promoted as a least cost way to mitigate climate change, but that clearly depends on 

how and where it is implemented, so methods of site-selection targeting are important, just as 

with PES.  Increasing the efficiency of forest conservation increases the amount of 

environmental services achieved with a given conservation budget (Wunscher, Engel, & 

Wunder, 2008).  Increasing efficiency can free up funds for additional programs, include 

additional sites, and attract new funding sources (Engel et al., 2009).  As with PES, 

efficiency in REDD+ means selecting areas that face high threats but present low 

conservation costs.  In the case of REDD+, efficiency also means selecting areas with high 

carbon stocks, and if co-benefits are a concern, high levels of biodiversity or other ecosystem 

services that support local livelihoods  (Engel, Wunscher, & Wunder, 2009).  With these 

objectives in mind, the use of GIS as a decision support system can help resource allocation 

decisions. 

Tanzania is a good test case for such a decision support system because of its ongoing 

deforestation and of its active engagement in REDD+.  From 1990 to 2010, Tanzania lost an 

average of 403,350 ha or 0.97% of forest cover per year.  In total, 19.4% of forest cover was 

lost during the period (FAO, 2010).  The Tanzania government considers REDD+ an 

opportunity to reduce the speed of deforestation and loss of biodiversity, and has participated 

in the REDD+ readiness mechanism of UN-REDD.  The readiness programs seek to enhance 

government capacity to coordinate, implement and monitor the REDD+ process.  The 

Tanzania government also signed a letter of intent with the Norwegian government to 

establish a partnership to address climate change.  It focuses on developing programs to 
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reduce deforestation, build capacity and create carbon accounting methodologies. 8   Sub-

nationally, there are more than 10 REDD+ projects that are seeking to reduce deforestation, 

improve community forest management or alleviate poverty in defined geographic areas.  

Results from the previous chapter show that the current location of REDD+ projects in 

Tanzania is correlated with poverty rate, opportunity cost and forest carbon at a district level.  

However, conditional on those factors, historical deforestation rates are not correlated with 

the probability that a district has a REDD+ project.  

This chapter illustrates a spatial targeting strategy for REDD+ projects that takes into 

account heterogeneity in forest carbon, opportunity cost of land and the risk of deforestation 

(Wendland et al., 2010; Wunscher, Engel, & Wunder, 2008).  I describe two targeting 

approaches for identifying an optimal landscape: “efficient targeting” and “co-benefits 

targeting.”  In the first approach, the objective is to minimize the opportunity costs per unit of 

avoided forest carbon emissions, where avoided carbon emissions are a function of carbon 

density and threat.  In the second approach, co-benefits are also considered.  For both 

approaches, I use past land cover changes to generate patterns of future deforestation to the 

year of 2020.  I combine the patterns of future deforestation with other targeting criteria such 

as benefits and cost to identify optimal landscapes for REDD+ projects.  For the second 

approach, I include additional criteria, testing different weights.  I examine how results 

change when different weights are placed on the provision of carbon and co-benefits and 

compare maps of optimal locations to current locations of REDD+ projects.   

                                                 
8 Source: Tanzania REDD+ Initiative: http://www.reddtz.org/.  Retrieved Apr. 9, 2012. 
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In the next section, I provide background information on Tanzania, its biophysical 

and socio-economic characteristics and trends in biodiversity and forest loss.  Next, I review 

the literature on spatial targeting of conservation investments such as PES, focusing on one 

methodology that has been applied in this context: multi-criteria decision making analysis 

(MCDA).  With the complexity involved in forest resource planning, every decision may 

involve economic, environmental and social issues.  The use of MCDA would allow 

decision-makers to prioritize their preferences regarding decision-making criteria such as the 

issues mentioned above (Diaz-Balteiro & Romero, 2008).  I then provide detail on data 

sources and methods and present my results.   

4.2 Study area 

Tanzania is located in East Africa between Kenya and Mozambique, bordering the 

Indian Ocean. The terrain consists of plains along the coast, a central plateau and highlands 

in the north and south.  The total area is 947,300 km2, with a population of 43.1 million.  

Administrative units include 26 regions and 129 districts.  Dar es Salaam is the largest city 

and the commercial capital.  Dodoma, situated in the center of Tanzania, is the new capital of 

government.  The Tanzanian economy is based on the agriculture, industry and service 

sectors.  Agriculture accounts for more than 26% of GDP, the industrial sector 22.6%, and 

services 50.8%.  

In terms of protected areas and biodiversity, there are 16 national parks covering 

more than 42,000 km2.  Combined with other conservation areas and game reserves, 

nationally recognized protected areas cover about 38% of Tanzania’s land area.  About 38% 

of Tanzania, or 33,428,0 km2 is forested, with an estimated 2019 million tonnes of carbon in 
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the living forest biomass (FAO, 2010). These forests also contain unique biodiversity 

hotspots (Mittermeier, Myers, & Mittermeier, 1999): the Coastal Forests (40% in Tanzania, 

shared with Mozambique and Kenya), and the Eastern Afromontane Forests (95% in 

Tanzania).   The coastal forests are among the most threatened biodiversity hotspot in the 

world, with only 10% of the original vegetation remaining in pristine condition.  The most 

significant threat to the coastal forest is the expansion of agriculture due to an expanding 

human population.  Most agriculture is for subsistence, due to the poor quality of the soils.  

The development of commercial agriculture, including crops such as coconut, cashew nut 

and cardamom, also threatens the lowland coastal forests (Godoy et al., 2012).  

The Eastern Afromontane hotspot, consisting of the Albertine Rift, lakes and Eastern 

Arc Mountains, harbors more endemic mammals, birds and amphibians than any other region 

in Africa (Mittermeier, Myers, & Mittermeier, 1999).  Deforestation has brought tremendous 

amount of pressure to the hotspot.  One of the primary causes of deforestation is conversion 

of land to agriculture, in particular large crop plantations like beans, banana and tea.  Other 

underlying forces for deforestation include uncontrolled fires, overgrazing, illegal harvesting, 

mining, and development of logging roads infrastructure.  Poor governance and corruption in 

the forest sector have reduced the effectiveness of current measures to combat illegal logging 

(Milledge, Gelvas, & Ahrends, 2007). There are also growing concerns about forest 

degradation due to growing demand for bushmeat, fuelwood and non-timber forest products.  
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Figure 4-1 Protected areas in Tanzania 

 

4.3 Literature Review 

4.3.1 Multi-criteria decision analysis 

Multi-criteria decision analysis (MCDA) is a decision-aid for comparing different 

alternatives or scenarios using many criteria to guide the decision maker towards a judicious 

choice (Roy, 1996).  It includes a wide variety of techniques and procedures for structuring 

decision problems and designing, evaluating, and prioritizing alternative decisions 

(Malczewski, 2010).  MCDA involves a sequence of activities: define the objectives, choose 
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the criteria to measure the objectives, specify alternatives, transform the criteria scales into 

commensurable units, assign weights to the criteria according to their relative importance, 

apply a mathematical algorithm for ranking alternatives, and choose an alternative (Howard, 

1991; Ananda & Herath, 2009).  According to Malczewski (1999), there are five major 

stages in MCDA are (1) define objectives, (2) identify evaluation criteria, (3) develop 

decision rules, (4) perform sensitivity analysis, and (5) provide recommendations.  This 

chapter is organized according to the five major stages in MCDA (Figure 4-2). 

MCDA can help to incorporate multiple environmental services into targeting PES 

payments, by managing synergies and trade-offs (FONAFIFO, CONAFOR, & Ministry of 

Environment, 2012).  For example, Pagiola et al. (2010) assessed the extent to which paying 

for watershed services could enhance financing for biodiversity conservation and identified 

spatial overlap between priority areas for biodiversity conservation and watershed services 

(Pagiola, Zhang, & Colom, 2010).  Imbach (2005) adopted MCDA procedure integrated with 

GIS to identify priority areas for PES in Costa Rica based on the following criteria: 

biodiversity, carbon, scenic beauty, water and risks to all the services.  Each criterion was 

presented in a map format and was standardized to the same scale using linear 

transformation.  The weights for each criterion were determined through interviews with 

experts.  The final results were produced by aggregating all criteria using a simple additive 

weighting method (criterion times weight).   

4.3.2 Spatial targeting criteria 

There are many open questions about how REDD+ will be implemented, with some 

countries considering national PES systems with landowners, and others developing nested 
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systems in which projects would receive credit for reductions in forest carbon emissions at 

particular sites.  In either case, design of the system would face many of the same challenges 

as PES.  Identifying and targeting areas of interest are important steps for both PES and 

REDD+.  Thus it is useful to start with a review of the spatial targeting literature as applied 

to PES.  In studies aiming to locate suitable areas for PES contracts to make more efficient 

use of funds, benefits and risks are the major criteria considered.   

 

4.3.2.1 Criterion 1- Benefit 

Benefit refers to environmental services provided by the landscape. For example, in 

the case of Costa Rica’s Payments for Environmental Services, benefits targeted include 

biodiversity, carbon, scenic beauty and water (Engel, Wunscher, & Wunder, 2009; Imbach, 

2005; Wunscher, Engel, & Wunder, 2008).  Analyses of spatial optimization for PES in 

Madagascar, Mexico and Ecuador have also considered biodiversity, carbon and water as 

criteria (Alix-Garcia, De Janvry, & Sadoulet, 2005; de Koning et al., 2011; Wendland et al., 

2010; Wunscher, Engel, & Wunder, 2008).  For REDD+, the main environmental service to 

consider is forest carbon stock.  Based on this criterion, the higher the forest carbon density, 

the higher priority the area is for REDD+.  For example, forest carbon stock maximization is 

the only benefit considered in a study that aims to locate optimal areas for REDD+ projects 

in East Kalimantan, Indonesia (Harris, Petrova, Stolle, & Brown, 2008).  
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4.3.2.2 Criterion 2- Risk 

Many targeting exercises also consider the risks of losing environmental services, 

including deforestation risk (Alix-Garcia, De Janvry, & Sadoulet, 2005; Imbach, 2005; 

Wendland et al., 2010; Wunscher, Engel, & Wunder, 2008) and risk to forest plantation and 

agroforestry activities (Imbach, 2005).  There are several ways to derive deforestation risk.  

One way is to use forest-clearing data to calculate an average annual deforestation rate for 

different forest types (Pfaff & Sanchez-Azofeifa, 2004; Wunscher, Engel, & Wunder, 2008).  

Wendland et al (2010) estimate a Probit model of deforestation from 1990 to 2000 in 

Madagascar, taking into account distance to roads, elevation, slope, population density, per 

capita expenditure, household income inequality and presence of protected area. They use the 

estimated coefficients from the model to predict the probability of deforestation.   

Spatial modeling of land use and land cover change is another approach for predicting 

locations of future deforestation.  A REDD+ project can only produce credible carbon 

benefits when its baseline (or reference level) demonstrates that the area was under threat of 

deforestation.  Fuller et al. (2011) utilize IDRISI’s Land Change Modeler (LCM) to project 

deforestation from 2005-2020 in the peat swamp forest of Indonesia.  The drivers of 

deforestation include proximity to rivers, fire locations, past deforestation and distance from 

roads.   LCM establishes the quantity of change by comparing an initial forest cover map 

with another from a later time period and then assumes this same transition probability as it 

projects into the future (Fuller, Hardiono, & Meijaard, 2011).  Harris et al. (2008) use the 

spatial model GEOMOD to predict where deforestation will occur in East Kalimantan, 

Indonesia.  Similar to LCM, GEOMOD is also an IDRISI application that estimates spatial 
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and temporal patterns of land cover change forwards or backwards in time based on historic 

patterns of land use (Pontius & Chen, 2006).  These two tools are similar in their 

functionality to predict future land use change patterns.  The differences lie in model 

structure and predictive accuracy comparison (Kim, 2010).  Kim (2010) compared LCM and 

GEOMOD for constructing REDD+ baselines and claims LCM seems more suitable to 

construct a REDD+ baseline when considering multiple transitions.  LCM configurations can 

also be used to project the allocation of change (Fuller, Hardiono, & Meijaard, 2011).   

4.3.2.3 Criterion 3- Cost 

Costs of targeting and implementing a PES program have also been considered in the 

targeting literature. Opportunity costs, calculated from crop productivity and livestock 

productivity, were incorporated into the targeting process when identifying PES areas in 

Madagascar (Wendland et al., 2010).  In a Costa Rica PES targeting study, opportunity costs, 

transaction costs and direct protection costs were considered (Wunscher et al., 2008).  

Transaction cost includes charges for consultancy and preparation for paperwork and 

technical studies.  Opportunity cost here refers to foregone optional net income from 

pastures.  Direct costs of protection include the costs to establish firebreaks, fence off cattle 

and set signposts (Wunscher et al., 2008). 

4.3.2.4 Other criteria: safeguard measures for co-benefits 

Depending on the objectives of the PES program, additional targeting criteria could 

be included.  For example, poverty alleviation is one of the objectives of the PES program in 

Ecuador so the poverty rate (unsatisfied basic needs index) was included in the site selection 
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criteria (de Kong, 2011).  In the case of REDD+ projects, reducing carbon emissions is the 

primary goal, but policy discussions also suggest concern with co-benefits.  Co-benefits such 

as biodiversity conservation and poverty alleviation already receive a premium through 

CCBA certification of projects.  In UNFCCC negotiations, there has also been discussion of 

avoiding negative impacts through a system of safeguards.  Safeguard measures to protect 

local communities’ rights and benefits in the implementation of projects were included in the 

Cancun Agreement.  REDD+ is widely expected to deliver much more than emissions 

reductions.  Depending on the location and types of REDD+ activities, additional benefits 

could include poverty alleviation, improved community livelihoods, and biodiversity 

conservation (Murphy, 2011). 
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Figure 4-2 Stages in multi-criteria decision analysis 

 

4.4 Data acquisition 

In order to identify optimal landscapes for REDD+ projects, I compiled data 

representing three categories of criteria: benefits (forest carbon, biodiversity and poverty 

reduction), risks (future deforestation) and costs (opportunity cost).  The temporal resolution 

for the analysis was confined by the availability of land cover maps (1997 and 2000).  The 

analysis is performed at 4.8 km spatial resolution to accommodate the extent of the study 

area.  In the benefits category, forest carbon content (tC/ha) as estimated by Alexandrov et al. 

(1999) is adopted in this study.  Proximity of projects to protected areas implies greater 
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potential impact on biodiversity conservation.  Data on protected areas were obtained from 

the World Database on Protected Areas (WDPA).  Another possible co-benefit, poverty 

alleviation, is represented by poverty headcount. 

Risk of deforestation was derived from land cover change analysis.  Land cover maps 

of two periods (1997 and 2000) were obtained to analyze historic land changes and to project 

future deforestation patterns.  Data from Global Land Cover 2000 Project (Mayaux et al., 

2003) were used for the year 2000.  Land cover from 1997 was downloaded from the FAO 

Africover project.  Both land cover maps use the Land Cover Classification System (LCCS) 

produced by FAO and UNEP, which provides a standard legend.  Because the categories are 

consistent across the two maps, the maps could both be reclassified into two categories, 

forested and non-forested.  Variables used to model land cover change include biophysical 

characteristics such as slope, roads, rivers, towns and population density.    

For cost criterion, I use the opportunity cost of land from Naidoo et al. (2007), who 

mapped the gross economic benefits derived from agricultural lands on a global scale.  List 

of data and data sources are presented in Table 4-1. 
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Table 4-1 Data sources 

Used to 
derive 

Data Source 

Forest carbon Alexandrov et al., 1999 
Protected areas World Database on Protected Areas (WDPA) 

Benefit 

Poverty headcount (by 
district) 

National Bureau of Statistics, Tanzania  

Land cover map 1997 FAO Africover 
Land cover map 2000 GLC2000, European Research Institute 
Global elevation model 
(DEM) 

Global Land Cover Facility, University of Maryland 

Rivers FAO Africover  
Roads FAO Africover  
Major towns FAO Africover 
Other towns FAO Africover  

Risk 

Population density (by 
district) 

National Bureau of Statistics, Tanzania  

Cost Opportunity cost Naitdoo et al., 2007 
 

4.5 Methods  

In order to identify optimal sites for REDD+ projects, I demonstrate two targeting 

approaches: “efficient targeting” and “co-benefits targeting.”  In the first approach, the 

objective is to find areas with high carbon, high risk of deforestation and low opportunity 

costs.  In the second approach, additional co-benefits of projects, poverty reduction and 

biodiversity protection, were also considered.  At the Evaluation Criteria stage of MCDA, all 

of the criteria were readily available except deforestation threat.  To predict the risk of 

deforestation, a land cover change analysis was performed.  Changes were projected to the 

year 2020 using the IDRISI Land Change Modeler.  The resulting future deforestation 

patterns were combined with benefits and cost criteria to generate different targeting 

scenarios utilizing the Multi-Criteria Evaluation module in IDRISI (Decision Rules stage).  
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Finally, optimal landscapes for REDD+ projects were identified.  The following sections 

explain the different elements of the analysis. 

4.5.1 Land Change Modeler 

Empirical land cover change modeling methods relate historic land changes to driver 

variables so that a set of rules can be extracted and extrapolated into the future (Sangermano, 

Toledano, & Eastman, 2012).  The modeling method used for this chapter is the Land 

Change Modeler for Ecological Sustainability (LCM).  LCM is an integrated software 

module in IDRISI that performs land change analysis, change prediction, and habitat and 

biodiversity impact assessment.  The deforestation risk layer in Tanzania, one factor in the 

multi-criteria decision analysis, was created by using the change prediction function in LCM.  

The steps in land change prediction were (1) identify historic changes, (2) develop a model 

that identifies areas likely to undergo changes, to (3) predict changes.  A change analysis was 

performed between 1997 and 2000 to quantify and locate past land change.  The analysis was 

initiated with land cover maps from the two periods along with basic road and elevation 

layers.  Past land changes were generalized through a 3rd order polynomial trend surface 

analysis (Eastman, 2012).  The surface trend map then allows the identification of focal areas 

of change that would be difficult to see with just visual inspection of the land cover change 

maps (Sangermano, Toledano, & Eastman, 2012). 

After identifying land cover change, the next step was to map the likelihood of 

transitioning from one land cover type to another, i.e. from forest to non-forest.  At the 

Transition Potential stage, LCM identifies the potential of land to experience a particular 

transition in a specific time frame (Fuller, Hardiono, & Meijaard, 2011; Sangermano, 
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Toledano, & Eastman, 2012).  This requires specifying factors that contribute to the 

transition from forest to non-forest, including biophysical and socioeconomic factors that 

have been shown to influence forest clearing patterns (Angelsen, Katemansimba Shitindi, & 

Aarrestad, 1999; Mascarenhas, 1991; Msoffe et al., 2011).  Factors included as drivers of 

deforestation were: elevation, slope, and distance to roads, towns and rivers.  Deforestation 

threat is higher as it is closer to roads, towns and rivers (Harris, Petrova, Stolle, & Brown, 

2008; Maeda, Clark, Pellikka, & Siljander, 2010).   Distance maps were created with values 

representing the Euclidian distance from these target features.  The explanatory variables 

must have the same range of values so elevation, slope layers, and the 3 distance layers were 

all scaled from 0 to 255 to be added to the transition potential model.  LCM models the 

relationship between a land cover transition and a set of explanatory variables that describe 

the likelihood of that transition (Sangermano, Toledano, & Eastman, 2012).   

The method used to identify the relationships between explanatory variables and 

change and generate transition potentials is a Multi-Layer Perceptron (MLP) neural network.   

MLP is a non-parametric algorithm that enables the fitting of complex relationships between 

sets of impact and a set of output even when there is multicollinearity among variables 

(Bishop, 1995).  The relationship I focused on was the potential for an area to change from 

forest to non-forest.  In the third and final stage, LCM was used to generate a map of the 

likelihood that an area would transition from forest to non-forest by 2020.  

4.5.2 Project proponent interview  

REDD+ project proponents were interviewed during COP15 in 2009 to elicit their 

ratings of potential site-selection criteria.  A list of project proponents was extracted from 
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CIFOR’s Global REDD+ Project Database.  Twenty-five proponents were selected at random 

and interviewed.  The selection of proponents was based primarily on their availability 

during COP15.  Among the project proponents interviewed, 48% said they were most 

familiar with Asia, 44% with Latin America and 28 % with Africa.  Seventy-two percent of 

the project proponents were in NGO sector, 20% in the private sector and 8% in the 

governmental sector.  A Likert scale with five levels was used to elicit the importance of 

potential site-selection criteria, where 1 represents “not important at all,” and 5 represents 

“among the most important.”  The site-selection criteria included in the questionnaire (listed 

in Appendix A) were selected based on literature about site selection for conservation and 

reforestation projects (Stanley & Pandya, 2000; Wildlife Works Carbon, 2010).   

4.5.3 Multi-criteria evaluation (MCE) 

In the Decision Rules stage, the criteria were combined through the multi-criteria 

evaluation (MCE) module in IDRISI.  MCE uses a procedure called Weighted Linear 

Combination (WLC).  Criteria were standardized to a common scale of measurement by 

applying a linear stretch ranging from 0 to 255 (byte data range) where 255 represents the 

most suitable, or “best” conditions.  The standardization of data allows comparisons among 

criteria (Chakhar & Mousseau, 2008).  WLC involves multiplying each criterion used by a 

weight and then summing the results.  In this study, weights for each criterion were derived 

from project proponent interviews. A continuous map of suitability was produced based on 

the combination of criteria.  Areas with the highest combined value represent the most 

suitable areas for locating REDD+ projects. 
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4.5.3.1 Targeting approaches  

Based on the literature and selected variables, I employ weights representing two 

broad approaches for targeting suitable site selection  

Efficient targeting – This approach (Figure 4-3, model A) focuses on high forest 

carbon, high deforestation risk, and low opportunity cost. High forest carbon, high 

deforestation risk and low opportunity cost all have high values in the suitability range.  To 

derive weights for these variables, the results of the proponent survey were used for pair-wise 

comparisons of the relative importance of the criteria, a technique developed by Saaty 

(1977).   These pair-wise comparisons were analyzed to produce a set of weights that sum to 

one (Figure 4-3). 

Co-benefits targeting - The approach incorporates two co-benefits that can be 

achieved through safeguard measures: biodiversity protection and poverty alleviation (Figure 

4-3 model B).  Safeguards refer to institutional policies and procedures used to protect 

against social and environmental harm.  Biodiversity and poverty criteria were included in 

addition to the three criteria (opportunity cost, deforestation threat, and forest carbon) used in 

the “efficient targeting” approach.  For the biodiversity criterion, I assume that areas closer to 

protected areas were more suitable for projects.  For poverty alleviation, districts with a high 

poverty headcount were scaled higher in the suitability level.  The set of weights of the 5 

criteria in this targeting approach were also derived from pair-wise comparisons and sum to 

one (Figure 4-3). 
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Figure 4-3 Multi-criteria evaluation with different targeting approaches (model A and B): criteria weights.  Model C and D 
reverse the scale on deforestation risk.   

 

4.5.4 Sensitivity Analysis 

Sensitivity analysis is used to examine the stability of a model, by considering how 

much output changes when the input parameters are varied (Qureshi, Harrison, & Wegener, 
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1999).  This includes varying the weighting values and the structure of the MCDA 

(Clements, Pfeiffer, & Martin, 2006).  In the first sensitivity analysis, I investigate how 

changing the weights of the site-selection criteria affects the suitability map. Using the 

targeting approach, I vary the weights to reflect different emphases placed on deforestation 

threat (Table 4-2). 

 
Table 4-2 Varying weights of the first sensitivity analysis 

 Weights 
Model A criteria Map 1 Map 2 Map 3 
Deforestation risk 0.3 0.5 0.7 
Carbon 0.4 0.3 0.2 
Cost 0.3 0.2 0.1 

 
 

A second type of sensitivity analysis considers changes in outputs with changes in the 

basic structure of the model.  For example, site selection could prioritize areas facing lower 

deforestation threat, because of potentially lower enforcement costs and greater probability of 

successful conservation of forest.  I consider a targeting approach that favors areas facing a 

low risk of deforestation.  This rewards areas that have effectively conserved forest and 

forest carbon stock, and places a higher suitability on areas where it is likely to be easier to 

conserve forests because current deforestation pressures are low.    For this approach, I 

reversed the scale on deforestation risk and used the same two broad approaches: efficient 

targeting and co-benefits targeting (Figure 4-3, model C and D respectively).  Weights for all 

criteria were held constant. 
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4.6 Results 

4.6.1 Map of deforestation risk 

Various drivers for deforestation were combined and analyzed to predict deforestation 

risk through Land Change Modeler.  The map generated by LCM has values of 0 to 255 

showing the degree to which areas have the right conditions to precipitate change (Eastman, 

2012) and was used to represent deforestation risk in the multi-criteria decision analysis.   

 

Figure 4-4 Drivers for deforestation and the resulting map for deforestation risk 
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4.6.2 Proponent interview results  

The results of these interviews are summarized in Figure 4-5.  Deforestation threat 

was considered as one of the most important criteria.  Among the three benefit criteria, forest 

carbon received the highest score, biodiversity the second, and poverty alleviation the third.  

For each targeting approach, weights on the criteria are adjusted to sum to 1.  The average 

ratings by respondents show the relative importance among the criteria and were used for 

pair-wise comparisons to derive criteria weights for each targeting approach. 

 
Figure 4-5 Average ratings of different site-selection criteria by project proponents interviewed in 2009 

 

4.6.3 Targeting approaches 

The first approach, efficient targeting, identifies at high risk of deforestation where 

the most forest carbon can be protected at the lowest cost.  The suitability map is displayed in 

Figure 4-6 (Model A).  There are three categories of suitability, high, medium, and low, based 
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on an equal division of the suitability scale that ranges from 0 to 255.  Areas of high 

suitability are primarily located east of Lake Tanganyika to south of Lake Victoria.  There 

are also areas of high suitability located east of Lake Nyasa, in the southwest part of 

Tanzania.  Most of the medium suitability areas are in southern and southwestern Tanzania 

where there is the most forest cover.   

For the co-benefits-targeting approach (model B), which adds biodiversity and 

poverty criteria, suitability is mapped using the same three categories dividing the 0 to 255 

scale into equal parts. Comparing the percentage of highly suitable areas that fall into each of 

the three geographic regions, central plateau has the highest percentage of highly suitable 

areas in both models.  Coastal region has more highly suitable areas in co-benefits targeting 

than efficient targeting.  Overall, the pattern remains broadly similar, except some minor 

differences in the central plateau.  I also overlaid model A and model B (Figure 4-7) to 

display “no-regret” areas that would suitable for REDD+ project development regardless of 

targeting criteria.   

 
Figure 4-6 Landscape of different suitability levels for REDD+ projects. (Model A) Efficient targeting. (Model B)  Co-
benefits targeting 
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Table 4-3 Percentage of the highly suitable area for REDD+ that falls into each of three geographic regions 

 Model A Model B 
 Efficient targeting Co-benefits targeting 
Coastal Region 6.74% 15.49% 
Central Plateau 86.02% 78.31% 
Northeast Region 7.25% 6.46% 

 
 

 
Figure 4-7 Overlay of Model A and Model B: No regret areas for REDD+ projects development 

 

4.6.4 Sensitivity analysis results 

Maps from the first sensitivity analysis demonstrate how changes in the weights 

influence the output (Figure 4-8).  In the first map (deforestation threat weight=0.3), the 

central plateau region is of medium to high suitability.  As the weight placed on deforestation 

threat is increased, the suitability of the central plateau area drops because it does not have a 

high risk of deforestation.  This shows that even though the central plateau region does not 

have pressing deforestation threat (hence the low suitability based on the criteria), it still has 
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low opportunity cost that keep it at a relatively high suitability.  In addition to the changes in 

the central plateau, the coastal areas in the southeast also display shifts in suitability.  When 

deforestation threat has a weight of 0.3, the southeast coastal areas have medium to low 

suitability.  As the importance of deforestation threat increases, the suitability of the coastal 

areas increases, reflecting the deforestation pressure in that region. 

For the second sensitivity analysis, because the deforestation threat factor has the 

largest weight in all versions of the model (based on results from interviews with 

proponents), reversing the scale results in very different suitability maps (Figure 4-9).  The 

central plateau becomes an area of high suitability for REDD+ projects under both targeting 

approaches if low deforestation threat is preferred (labeled model C & D).  As expected, the 

results are very sensitive to this change in the model structure. 
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Figure 4-8 Sensitivity analysis: weights of 0.3, 0.5, and 0.7 were applied for deforestation threat 
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Figure 4-9 Landscape of different suitability levels for REDD+ projects with focus on low deforestation threat.  (Model C) 
Efficient targeting.  (Model D) Co-benefits targeting 

 

4.7 Discussion 

In this chapter, I have demonstrated how to use a multi-criteria evaluation (MCE) 

module provided with the IDRISI software to identify and map areas most suitable for 

REDD+ projects.  The weights for different criteria were based on interviews with project 

proponents.  To assess whether actual site selection for REDD+ projects to date is consistent 

with the suitability maps, I overlaid these maps with the locations of current projects (Figure 

4-10).  REDD+ projects are distributed from the eastern coastal area to Lake Tanganyika in 

the west. Four REDD+ projects are located near or in high suitability areas (shown in red), 

while the rest are scattered in the central plateau and coastal region.  Thus, there is no clear 

pattern that REDD+ projects are located in high suitability areas as identified through the 

MCDA.  This could be because the project proponents have better information on 

deforestation threats and the possibility of mitigating those threats in specific sites.  Another 

possible explanation is that the proponents are focusing more on reducing degradation, which 
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is not considered in the suitability maps.  A third possibility is that proponents have sited 

projects based on other criteria, e.g. prior experience with conservation activities in that site, 

connections with local communities and leaders, or expected appeal to donors.  This third 

possibility suggests the limitations of implementing REDD+ through projects and caveats on 

what can be learned from those projects for the development of a national REDD+ system.  

The Tanzanian government or major donors such as the Government of Norway could 

consider encouraging more REDD+ projects in areas of high suitability, mapped using a 

method such as illustrated here, to increase the chances that those projects can cost-

effectively reduce forest carbon emissions while generating co-benefits.   

 
Figure 4-10 REDD+ project locations overlay with efficient targeting (A) and co-benefits targeting (B) results 

 
 

The 1997 and 2000 land cover maps used in this chapter were obtained from FAO and 

EU and represent the best available land cover maps for Tanzania.  Land cover maps derived 

from satellite imagery (such as MODIS) are available for more recent years. But MODIS 

maps are not directly comparable to the maps used in the chapter and cannot be used to 
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validate the simulated deforestation patterns.  Because the map of vulnerability to 

deforestation cannot be validated, it is not appropriate for constructing a baseline of 

deforestation emissions in Tanzania.  The Tanzanian government, Norwegian Embassy, or 

project proponents could substitute their own preferred map of deforestation threat into a 

MCDA tool such as the MCE module in IDRISI, as illustrated in this chapter.   

Given increasing global interest in the carbon benefits of forest conservation but 

limited progress in UNFCCC negotiations over a new binding treaty to reduce greenhouse 

gas emissions, there is a need to identify optimal areas for REDD+ projects easily and 

quickly.  This chapter illustrates a method for identifying and mapping optimal landscapes 

for siting REDD+ projects. The results suggest areas that are most suitable for REDD+ 

project development in Tanzania.  The strategy and GIS tools demonstrated in the chapter 

can aid policymaker and project proponent to target forest protection activities considering 

multiple criteria.   
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Chapter 5:  Conclusion 

In Chapter 2, I examined aid allocation patterns in the three REDD+ readiness 

programs - UN-REDD, World Bank FCPF and FIP - to see whether the recipient needs or 

donor interests  model provides better explanations by using a two-stage approach.  I first 

examined what countries are accepted into the programs in stage one.  I then looked at the 

amount of funding countries received in stage two.  In the three programs, African countries 

predominate and attract a larger percentage of funding than they represent in UN-REDD and 

FCPF.  In stage one, UN-REDD appears to be more sensitive to local economic needs than 

the other multilateral programs (FCPF and FIP).  Countries that are poorer, with lower GDP 

per capita, and less healthy local environment have a higher probability of joining UN-

REDD.  In the case of FCPF, donor interest model provides a better explanation of aid 

allocation with regards to country’s biodiversity richness and previous experience.  Countries 

with a lower governance capacity also tend to join FCPF which fit better with the recipient 

needs model.  As for FIP, biodiversity richness is the only significant (and positive) factor 

that influences the allocation.  Overall, the allocation of funds at stage one reflects more 

support for donor interests model than recipient needs.  It also provides more support for 

global commons interests than local environmental needs.   

At the second stage regarding the amount of UN-REDD aid allocated, countries with 

a lower governance capacity receive more funds, which fits in better with the recipient need 

model.  Results showed comparing stage 1 and stage 2, countries with lower GDP per capita 

have higher probability of joining readiness program.  After being accepted to the programs, 

recipients with higher GDP per capita tend to get more readiness fund.   A similar 
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contradiction applies to forest carbon.  Donors prefer countries with higher forest carbon at 

the selection stage.  In the amount stage, however, countries that have less forest carbon 

receive more funding.  Donors’ changing considerations at the two stages may contribute to 

this outcome.  The results of the chapter show that overall donor interests better explain the 

allocation of REDD+ readiness fund than recipient needs.  The concerns for global commons 

are more significant than the concerns for local environmental problems. 

Chapter 3 

The spatial distribution of sub-national REDD+ projects in Brazil, Indonesia and 

Tanzania was studied.  Characteristics of sub-national administrative units were classified 

into cost, benefit and risk categories and used to examine their importance in site-selection 

decisions.   The results suggest some common drivers of site-selection in Brazil and 

Indonesia.  In both countries, carbon density, percent of protected area and deforestation rate 

are statistically significant factors determining the location of REDD+ projects.  In Brazil, 

road density and poverty index are also significant.  Opportunity cost is significant in 

Tanzania, perhaps because of the smaller sample size, or perhaps because different and 

unobserved criteria are at play.  When testing only areas with less population in Brazil 

(Amazon), opportunity costs and deforestation rates have positive and significant effects on 

the probability of project existence.  

Chapter 4 

The same categories of site-selection criteria from chapter 3 - benefit, risk and cost - 

were carried over to chapter 4 as targeting criteria for optimal landscape to develop REDD+ 

projects in Tanzania.  In chapter 4, I used GIS-based multi-criteria decision analysis to 
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identify potential areas for REDD+ projects development incorporating different 

combinations of criteria. The first approach, efficient targeting, focuses on areas with high 

forest carbon content, high deforestation risk and low opportunity cost.  The second 

approach, co-benefits targeting, aims at areas with high biodiversity and high poverty rate on 

top of criteria in efficient targeting.  The resulting suitability maps displays areas of high, 

medium and low suitability for future REDD+ projects development based on the targeting 

approaches.  I also overlaid locations of current REDD+ projects in Tanzania to visually 

inspect how they match up. 

 

The dissertation analyzed geography of REDD+ mechanism at multiple scales, 

distribution of countries participating in REDD+ readiness programs and distribution of sub-

national REDD+ projects.  Chapter 2 provides understandings on the allocation patterns of 

REDD+ readiness funds from UN-REDD, FCPF and FIP.  These readiness programs do not 

appear to emphasize countries with high forest carbon or high rate of deforestation in the 

selection process.  However, more focus is put on biodiversity richness and a country’s past 

experience in remote sensing and environmental services.  Countries’ forest carbon content 

only plays into effect in the amount of funding they receive.  The findings provide input for 

future multilateral REDD+ readiness funds allocation. Certain country characteristics, such 

as deforestation rate, should deserve more attention in future readiness participant country 

recruiting.  Chapter 3 shows that REDD+ projects tend to be located in areas with high 

biodiversity, high carbon potential, and high risk of deforestation.  This study increases 

understanding of REDD+ project site-selection in different parts of the world, which 
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provides input for future funding and research initiatives.  For example, poverty rate, one of 

the important factors that affect project co-benefits, does not play a major role in site-

selection.  Future project developers could take into account local socio-economic 

characteristics in selecting project areas.  The strategy demonstrated in Chapter 4 provides a 

step-by-step decision-making tool as to how to incorporate multiple criteria in site-selection 

for different objectives.  Project developers or policy makers can make informed decisions 

about where to institute REDD+ interventions in the future.   
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APPENDIX A 

Questionnaire on site-selection criteria: interview with project proponents  

I have a list of factors that could influence where projects are located within countries.  
Please tell me on a scale of 1 to 5 how important you think each factor is for explaining the 
current distribution of projects in the region(s) that you are most familiar with.  1 means that 
the factor has practically no influence; 5 means that it is among the most important.   
 
Level of forest carbon (per hectare or in total) 
Rate of on-going deforestation/ degradation 
Threat of future deforestation/ degradation 
Potential for carbon accumulation 
Profitability of deforestation (low opportunity costs) 
Governance and rule of law 
Land tenure 
Tree tenure/ carbon property rights 
Replicability (i.e., potential for scaling up to other similar areas) 
Poverty rate 
Potential for community or poverty reduction co-benefits 
Potential for biodiversity co-benefits 
Proponents have previous or on-going conservation project 
Partner organizations 
Interest of funder or donor 
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