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Abstract 
 
This paper examines some important questions for decisions over the policy and architecture for 
reducing emissions from deforestation and forest degradation (REDD): What will REDD cost? 
How will REDD affect the overall strategy for reducing emissions? How will REDD affect the 
carbon price and thus efforts to reduce emissions in other sectors? The paper focuses on ways in 
which different economic models provide different answers to these questions 
 
Both the cost and timing of REDD are critically important. REDD offers an opportunity to 
mitigate a major emissions source at relatively low estimated costs and can also deliver 
additional near-term emissions reductions that are crucial for maintaining global options for 
stabilising greenhouse gas concentrations. Estimated costs of REDD vary with the modelling 
approach used. However, a wide range of models indicate cost savings from REDD could buy 
deeper and faster emissions cuts than would be achieved with the same global expenditure but 
without REDD. As tropical forests are disappearing, however, cost-effective and large-scale 
REDD is available for a limited time only, thus adding value to protecting tropical forests now.  
 
The economic impact of REDD depends on the overall climate targets and policy architecture, 
the design and implementation of REDD and its fungibility with the rest of the greenhouse gas 
market. The risk of REDD supply ‘flooding’ the carbon market can be contained by policy 
designs ranging from strict and long-term targets with ‘banking’ to modest limits on the use of 
REDD and other types of credits.   
 
Key words: carbon market; climate change; deforestation; mitigation; REDD; tropical forests. 
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1. Introduction 
 
Scientific evidence indicates that avoiding dangerous interference with the climate system—e.g. 
warming greater than 2 degrees Celsius (°C) by the end of the century—requires rapid and large-
scale reductions in greenhouse gas (GHG) emissions from both developed and major-emitting 
developing countries (see Box 1). Reducing emissions from tropical forests offers an immediate 
opportunity to mitigate a major emissions source at relatively low estimated costs, while 
providing a variety of other potential environmental and social benefits. Reducing emissions 
from deforestation and forest degradation (REDD) efforts could also offer a ‘bridge strategy’ of 
reducing near-term emissions while buying time to adapt to a low-carbon future. The 
Intergovernmental Panel on Climate Change (IPCC) also emphasises that short-term emissions 
reductions are important even in the absence of certainty over long-term climate targets. Near-
term reductions are critical as a ‘hedging strategy’ that keeps options open to avoid potentially 
much greater economic costs and climate risks in the future (Fisher et al. 2007).  

 
Over the past year, debate over approaches for REDD has risen to the forefront of international 
negotiations on a global climate change framework, as well as national and regional climate 
policy debates. Questions remain over when, how, to what extent REDD should contribute to a 
comprehensive climate policy approach and how to mitigate perceived risks through the policy 
architecture, including the extent to which REDD should be directly included in a global carbon 
market system and/or financed through alternative government funding sources. Under a carbon 
market system, reductions in tropical forest emissions, perhaps measured at a national scale 
against a reference level of historic emissions, would generate credits that could be sold and 
traded in an international market for emissions permits. These permits would have value for 
satisfying GHG emissions-reductions obligations across different countries and economic 
sectors. Policy concerns over the scope and timing of REDD crediting are largely about the 
environmental integrity and equity of a REDD program’s design and about the extent to which 
REDD, particularly when included in the carbon market, would detract from necessary efforts to 
reduce emissions in other sectors of the economy (see Box 2).  
  
This paper examines some important questions for decisions over the policy and architecture of 
REDD: 

 
1. What will REDD cost? 
2. How will REDD affect the overall strategy for reducing emissions? 
3. How will REDD affect the carbon price and thus efforts to reduce emissions in other 

sectors? 
 

This paper focuses on ways in which different economic models provide different answers to 
these questions. We discuss the burgeoning field of economic modelling of REDD and global 
land use generally in the context of climate policies. We review the current state of economic 
knowledge and discuss what existing studies can tell us as well as the key limitations of current 
analytical tools. 
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Box 1. What actions are needed to meet a 2°C climate stabilisation target? 
  
The goal of the United Nations Framework Convention on Climate Change is to stabilise 
concentrations of greenhouse gases in the atmosphere at levels that prevent dangerous human 
interference with the climate. A frequently cited target, adopted as a goal by the European Union 
in 2007, is to avoid an increase in global average temperatures of more than 2°C above the levels 
prevalent before industrialisation began in the mid-19th century (e.g. Blair 2008). Scientific 
evidence suggests this threshold is necessary to avoid significantly greater risks of catastrophic 
climate impacts, such as major ice sheet melting, species loss, and feedbacks in the oceans and 
terrestrial systems that would trigger even more warming (Fisher et al. 2007).  
 
The IPCC reports that limiting global mean warming to less than 2.4°C above pre-industrial 
levels requires stabilisation of atmospheric concentrations of CO2-equivalent greenhouse gases 
below 490 parts per million by volume (ppmv), given the ‘best estimate’ of the climate system’s 
sensitivity. This level compares with atmospheric concentrations of 375 CO2e in 2005 (taking 
into account the impact of aerosols). Estimates that the climate is even more sensitive to 
greenhouse gases require stabilising concentrations at lower levels, as argued by some scientists 
(Hansen et al. 2008). Stabilising concentrations near or below a critical level of 500 ppmv has 
been proposed as a challenging, but realistic, goal for international action (Stern 2008).  
 
Achieving these climate stabilisation targets requires massive and rapid reductions in global 
GHG emissions. Based on the ‘best estimate’ for climate sensitivity, the IPCC reports that 
limiting the global mean temperatures rise to the range of 2.0–2.4°C requires global GHG 
emissions to peak by 2015 at the latest and then fall by 50–85% relative to 1990 levels by 2050 
(Fisher et al. 2007). Taking into account uncertainties in the estimates of climate sensitivities 
broadens the likely warming outcomes from this program to 1.0–3.6°C. Efforts to lower this 
range below the 2.0°C target are outside the range of modelling scenarios considered by the 
IPCC. Even if the world is willing to accept a ‘best estimate’ warming target of no more than 
3.0°C, this requires global emissions to peak by 2020 at the latest and fall by 30–60% relative to 
1990 levels by 2050. Delaying global action implies higher costs and even greater emissions 
cutbacks in the future.  
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Box 2. Policy Concerns over REDD 
Concerns that REDD policies would be implemented in a way that does not achieve the anticipated 
emissions reductions and may conflict with other social and environmental objectives. Achieving the 
expected GHG reductions is potentially difficult due to the practical difficulties of monitoring and enforcing a 
program as well as the challenges of reducing forest carbon emissions when the land sector is not subject to a 
strict emissions cap. A successful REDD program requires addressing permanence (ensuring that emissions 
reductions from preserving forests are not reversed later or are made up if a reversal occurs), assuring 
additionality (ensuring that the policy produces reductions that would not have occurred anyway under 
business as usual), and accounting for or otherwise addressing leakage (ensuring that emissions reductions in 
one location are not simply offset by increases in emissions elsewhere). Related concerns are that REDD 
policies would be inequitable and that forest protection policies might lead to displacement of and harm to 
indigenous peoples and local communities. Similarly, there are concerns that REDD policies focussed on 
preserving carbon might lead to the preservation of carbon-rich forests at the expense of other environmentally 
valuable forests and ecosystems.  
 
Concerns that REDD would ‘offset’ rather than supplement actions in industrialised countries and 
critical economic sectors. Concerns over REDD as an ‘offset’ are the critical issue underlying arguments that 
integrating REDD into a carbon market would ‘flood’ the market and make the carbon price ‘too cheap’. On 
the face of it, it may seem that there is nothing wrong with lowering the costs of climate change protection. 
However, the concern is that a low-cost REDD alternative may detract from incentives for making necessary 
emissions reductions in industrialised countries as well as in the energy sector and other parts of the economy. 
This could reduce long-term incentives for developing and deploying clean energy sources and industrial 
processes needed to ‘decarbonise’ the global economic system. These concerns fundamentally relate to how 
the overall emissions limit or ‘cap’ is established. If the emissions cap is set first and consideration of REDD 
credits enters the political planning process later, introducing REDD credits into a carbon market may add 
flexibility and lower costs of meeting a given cap but may (in a best case scenario for the environmental 
efficacy of the credits) simply serve as an ‘offset’, substituting for rather than augmenting emissions reductions 
efforts in other parts of the economy. (While this concern is typically raised in the context of including REDD 
credits in the global carbon market, any financing of REDD could in theory be seen as detracting from 
emissions reductions in other countries and sectors given that the resources spent on REDD might alternatively 
have been used to pay for other forms of GHG emissions reductions.) The other perspective is that, by 
lowering costs, the availability of REDD—and a broader suite of emissions mitigation options more 
generally—can enable political agreement on a more stringent emissions cap given that expected costs are 
integral considerations in the setting of the emissions target.  
 
Concerns over the reference level against which reductions in tropical forest emissions are credited. 
What emissions reductions activities would receive credits under a REDD program is related to the issue of 
whether REDD would offset or augment overall emissions reductions. If the reference level is set above what 
‘business as usual’ emissions would have been, then some reductions in these emissions would not be 
additional and constitute so-called ‘hot air’. If the overall emissions target was set without taking this into 
account, introducing such ‘hot air’ would lower the overall emissions reductions that would have been 
achieved. If the cap is set without considering the additional emissions reductions made possible by cost-
savings through REDD, even reductions in tropical forest emissions below business as usual would constitute 
an offset rather than additional reductions. On the other hand, established reference levels may be negotiated 
that are actually below what business as usual would have been. In this case, REDD credits would generate 
more than one-to-one reductions in carbon compared to reductions in other sectors and lead to greater overall 
reductions in global emissions. For example, crediting reductions in deforestation below a historical baseline 
guarantees that credits will be granted for reductions in emissions below past trends. If business as usual 
emissions are growing, which is plausibly the case in many tropical countries given rising deforestation 
pressures, tropical countries would need to self-finance some portion of emissions reductions activities needed 
to generate REDD credits. In this case, bringing REDD into a carbon market would provide additional 
reductions below business as usual and raise the overall level of global reductions.  
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1.1. The ‘3 Es’: A Framework for Evaluating Climate Policies 
 
This paper evaluates different approaches for estimating the costs of REDD and discusses other 
economic studies that can inform REDD policies. As a framework for this discussion, it is useful 
to identify critical elements for the design of REDD policies. Nicholas Stern (2007) in his 
landmark climate policy assessment proposes three core principles for the design of successful 
global climate policy. We term these criteria the ‘3 Es’: 

 
1. Effectiveness. This is the extent to which a policy achieves its target for reducing GHG 

emissions.  
2. Efficiency. In economic terms, this is the extent a policy is implemented in a ‘cost-

effective’ way, with mitigation actions undertaken where they are cheapest over time as 
well as across the economic and geographic landscape.  

3. Equity and co-benefits. This refers to fairness in the distribution of policy-related costs 
and benefits, among and within developed and developing countries, as well as how the 
policy integrates the achievement of climatic goals with other environmental and social 
objectives, such as protection of biological diversity and alleviation of poverty. 

 
 Ensuring the success of REDD policies depends critically on the details of market 

design, policy implementation, governance and institutional capabilities (Kannien et al. 2007). 
These issues are largely outside the scope of existing economic analyses, which have focussed 
chiefly on economic costs and, to a lesser extent, identifying key economic feedbacks. As a 
result, existing studies mostly address questions about efficiency. Nevertheless, economic models 
can provide important insights into questions of effectiveness (particularly the amount of 
reductions that may be feasible taking into account the complex interaction of market forces) as 
well as issues of equity and co-benefits (in terms of the location of the likely emissions 
reductions and associated levels of compensation).  

 
What is the appropriate role of REDD within a comprehensive approach to tackle climate 
change? Economists have chiefly sought to examine this question from the perspective of ‘cost 
effectiveness’—what Stern calls ‘efficiency’. Economists have sought to understand the costs of 
reducing emissions from tropical forests and how these compare with the costs of achieving the 
same emissions reductions through other means, such as reductions of fossil fuel emissions from 
the energy sectors or reductions from agriculture and other land-based activities. In principle, 
increasing the menu of options available for meeting any particular climate target lowers costs by 
expanding flexibility to achieve reductions wherever they are cheapest across the economic and 
physical landscape as well as across time.  

 
One question is, what is the potential of REDD to fit into a least-cost strategy to achieve a 
particular climatic goal? The timing issue is particularly relevant to REDD as emissions 
reductions from forests are believed to be a relatively cheap option available in the near term 
compared with other reduction opportunities, which depend on the evolution of technology and 
the turnover of long-lived capital stocks and infrastructure. A related question is, given the cost 
profiles of REDD and other mitigation options, how large are these cost savings and what does 
this imply about the overall scale and sequencing of activities that the world should undertake to 
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address climate change? Economists have also highlighted the importance of ‘hedging strategies’ 
that keep options open for avoiding severe cost increases later. This is potentially a key 
consideration for policy-makers given great uncertainty about future climate risks and mitigation 
costs.  

 
The challenge of re-engineering the world’s energy system and industrial processes to avoid 
catastrophic climate change can be described through the analogy of turning a large ship (an oil 
tanker, to stretch the metaphor) heading towards an iceberg. It takes a long time to alter the ship’s 
course. However, the longer the delay in turning the ship, the narrower the options become for 
avoiding collision. Near-term opportunities to reduce emissions such as REDD are potentially a 
means to slow the global ship down, granting more time for the crew to make the necessary 
manoeuvres to execute the turn. This could be critical especially if no one knows how large or 
how close the iceberg is. Important questions are how effective the braking system is, how much 
time it buys the ship, and whether braking possibly diverts the crew from the broader effort to 
turn the ship.  
 
1.2 Tracing the Links between Climate Policy, Land Use and the Environment in the Global 
Economic System  
 
Before delving into details of the models that have been used to model REDD, it is useful to 
conceptualise how forests and other land uses fit into the broader economic and environmental 
system in the context of climate change policy. Fundamental economic drivers such as 
population growth, incomes, and technology drive the demand for food, timber, and other land-
based products as well as the feasible production possibilities on a parcel of land. These factors 
interact with the policy framework, including possible incentives for REDD and the physical 
characteristics of a land area such as its soil quality and location as well as the individual 
preferences of the land owner or manager to determine incentives for how an area of land is used 
as well as managed (see Figure 1).   
  
Choices over land use and management involve decisions along two economic dimensions or 
‘margins’. The ‘extensive’ margin includes choices about the broad type of land use (such as 
forests, food or energy crops, cattle pasture, urban development), while the ‘intensive’ margin 
involves choices about how the land is managed within a broad category of use, such as the 
particular choice of crop, applications of fertilisers and other inputs, timber harvesting regime, 
etc. Both types of decisions over land use and management affect the production of crops, 
timber, and other commodities including carbon and thus the prices and organisational structure 
of the industry. By the same token, these activities affect the demand and prices for inputs such 
as fertiliser, land, labour and machinery. This suite of market outcomes in turn affects 
deforestation and other land use decisions. As shown in Figure 1, the land uses that result from 
these market forces interact with land attributes to determine emissions of carbon and other 
environmental outcomes. 
  
Evaluating the role of REDD in terms of a comprehensive climate change policy involves 
thinking in terms of an even broader context (Figure 2). Land use and management are only one 
component of a broader economic system including the energy sector and all other economic 
activities. These activities compete with each other for scarce capital and labour as well as 
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natural resources such as land and water. These interactions take place in a global context, with 
market interactions mediated through trade flows, and also have implications for the evolution of 
the system over time through, for example, investments in technological development that 
influence the production opportunities and environmental outcomes of the future.  
 
A carbon policy that establishes a market for carbon extends the arena in which these economic 
forces interact. The available technologies and the costs of the different land-based outputs (e.g. 
soybeans) and inputs (e.g. fertiliser), in combination with the broader policy, legal and 
institutional framework, determine the costs of selling carbon into the market through different 
land-based activities, such as reduced deforestation. Energy prices are also a powerful factor that 
determines the costs of reducing emissions through biomass-based fuels as well as through non-
land sources of abatement in the energy, transport and industrial sectors. To the extent permitted 
by the rules of the carbon market, these different options for reducing emissions compete with 
one another to determine the price of carbon. This carbon price as well as actions taken to reduce 
emissions affect the prices of crops, timber, energy and other economic outputs and inputs. These 
prices again affect the incentives for reducing deforestation and other means of reducing 
emissions, as well as the incentives to develop new technologies over time. For example, more 
land for biofuel crops may imply less land for crops and forests, raising the price of crops and 
timber and raising the costs of avoiding deforestations. These market interactions produce a new 
pattern of global economic activities over both time and space. These activities imply certain 
GHG emissions, and also produce local air pollution, deforestation, forest degradation and other 
environmental pressures.  
 
A complex system of interactions between land, oceans and the atmosphere determines other 
environmental outcomes such as warming and loss of species. These outcomes potentially 
reverberate to the economy, with warming for instance affecting the growth of forests and crops, 
which affects their prices and the relative costs of reducing emissions through land-based 
activities. The ultimate economic and environmental effects of all these interactions affect the 
fundamental drivers of economic activities such as population and income growth.  
 
What does this imply for the 3 Es? In terms of efficiency, this framework highlights that costs of 
any activity are the result of a large system of market interactions, with various potentially 
important feedback channels. Selecting the least-cost solution to climate change also depends on 
which other mitigation options are considered and the way these options interact in the economy 
and the carbon market. Over time, the way policies affect technologies and long-term market 
forces will also determine how costs evolve.  
 
This framework also suggests channels through which the effectiveness of a policy may be 
undermined. For example, land-based climate policies such as REDD and biofuels affect prices 
in the rest of the economy. This is the channel for the mechanism known as ‘leakage’ or 
‘emissions displacement’. Depending on which countries are part of a REDD system, 
deforestation reductions in one region may lead to higher prices for land-based commodities 
such as crops and timber, leading to more deforestation elsewhere. Similarly, price feedbacks can 
produce unintended consequences. Policies to promote biofuels divert land from crops, raising 
crop prices, and pushing agricultural expansion into tropical forests, thus increasing carbon 
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emissions (e.g. Searchinger et al. 2008). Such interactions will determined the effectiveness of a 
policy overall.  
 
The effectiveness of a policy may also depend on its long-term impacts, including what type of 
‘hedge’ it provides against uncertainty. For the most part, economic models of climate policy 
have estimated the least-cost means of meeting a particular long-term climate target. However, 
given great uncertainty over both the economic and the environmental impacts of climate 
change, what is the most prudent short term-policy? As discussed, earlier policies that keep 
options open and achieve early reductions such as REDD may be particularly important in light 
of the IPCC findings about the urgent need to peak and begin reducing global emissions. 
Moreover, as suggested by Tavoni et al. (2007), incentives for technological change may also be 
an important element in determining the long-term effectiveness of a policy, particularly in light 
of uncertainty. The hedging value of various strategies such as REDD and investments in 
technological change (which have some probability of enabling cheaper reductions later) has, to 
our knowledge, not been rigorously examined.  
 
This framework does not speak directly to equity and co-benefits, which depend on the details of 
policy implementation and the distribution of responsibility for reducing emissions. Spatial detail 
on where the emissions reductions activities such as REDD are likely to occur is also critical to 
the evaluation of social and environmental impacts across and within countries. 
 
2. What Will REDD Cost? 
2.1 Types of REDD Costs 
Estimated costs of REDD vary with the data and modelling approach used and the types of cost 
considered. Studies report costs in terms of supplying or buying REDD, or both. Most estimates 
focus on the ‘opportunity costs’ of avoiding deforestation from a landowner’s perspective, 
without the costs of developing institutional capacities and actually implementing and 
transacting a REDD programme. These ‘opportunity costs’ are the foregone economic benefits 
from alternative land uses.  
 
Some economic models have estimated ‘supply curves’ (‘marginal cost curves’) that indicate a 
cost spectrum for incremental reductions in forest emissions (Figure 3). The cost curves slope 
upwards, showing that for small emissions reductions, costs can be kept low by, for instance, 
protecting just the lowest-cost lands; with greater reductions, the added incremental or ‘marginal’ 
costs rise as protection must extend to higher-cost lands and protection activities. For example, 
Nepstad et al. (2007) estimate the costs of a program for zero deforestation in the Brazilian 
Amazon using a detailed spatially explicit model of the opportunity costs of land for timber 
production, cattle ranching and soybean production. They develop a marginal cost curve based 
on this model and a scenario for incrementally zeroing deforestation over a 10-year period. They 
estimate US$18 billion in opportunity costs of protecting the forests and assuring the emissions 
reductions for 30 years. This translates into a cost of just US$0.27 per ton of CO2e, much less 
than the average opportunity costs of US$1.5/tCO2e for the land. This cost drops dramatically to 
US$0.76/tCO2e if the most expensive 6% of lands are excluded, as their model finds low returns 
from cattle ranching on most of the Amazon but high returns from soybeans on a small subset of 
lands.  
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Taking average costs for a region and then multiplying these by the forest area being deforested 
in that region (e.g. Grieg-Gran 2006, 2008) is an attempt to calculate the region underneath the 
supply curve up to a particular quantity of emissions reductions (the costs of supplying emissions 
reductions in Figure 1). Estimates of Nepstad et al. (2007) of the opportunity cost of Brazilian 
REDD also entail estimating the same region under this curve. This region entails the costs of 
reducing deforestation in terms of the foregone profits from using the land for cattle ranching or 
other purposes. This is a different concept, however, from what an international buyer or a 
government agency may need to pay to generate the associated REDD credits under a carbon 
market or other policy framework.  
 
In a competitive market, with supply and demand for a product, the price will rise to the point at 
which the ‘market clears’, meaning that demand is fully met by supply at the prevailing price. 
This price is set by the intersection of the supply and demand curves for a product and all sellers 
receive the same price and all buyers pay the same price (see Figure 3). At this price, no 
suppliers can make a profit by selling more and no buyers can increase their wellbeing by buying 
more. In the marketplace, the ‘cost’ to the buyers is the amount of money they must part with in 
order to buy the REDD credits. This equals the amount of credits desired times the prevailing 
price. This amount includes the ‘cost of supplying emissions reductions’ plus the ‘rent’ in Figure 
3. This ‘rent’ is the ‘profits’ or ‘surplus’ received by the sellers (what they clear net of their 
costs), while the roughly triangular area above the price but below the demand curve is the 
‘surplus’ received by the buyers (the difference between what they pay and what the credits are 
worth to them).  
  
The total estimates of reducing global deforestation by 10% and 50% reported by Kindermann et 
al. (2008) are estimates of the quantity of required deforestation reductions times the minimum 
uniform market price needed to achieve reductions of the chosen magnitude. This is greater than 
the simple opportunity costs of the land measured by bottom-up analyses. This is also different 
from the price those reductions might fetch in an international market with full trading of credits. 
Here the price of carbon is set not just by costs of achieving emissions in the forest sector but by 
the costs of reducing emissions from all sources and the overall global demand for emissions 
reductions in current as well as future periods, if credits can be saved for future use (e.g. Piris-
Cabezas and Keohane 2008). To the extent that REDD is a low-cost solution and demand for 
credits is high enough, the international carbon price may be substantially higher than the market 
clearing price in a secondary or parallel market for REDD credits alone.  
 
How the social surplus is divided has important implications for the third of the 3 Es, equity. 
Rather than paying a uniform price, in order to pay only the costs of supplying the emissions 
reductions, the buyer must be able to differentially pay sellers different amounts. Price 
differentiation may be possible if the market is imperfectly competitive and there are few buyers 
or sellers engaging in bilateral negotiations, allowing one or the other party to use their ‘market’ 
power to extract a greater share of the social surplus. In international negotiations, it may be 
difficult to argue on grounds of fairness that different nations should receive different prices if 
their opportunity costs are lower because they are poor. On the other hand, some policy analysts 
have proposed that a portion of the surplus accruing the sellers of REDD (if they are determined 
based on historic rates of deforestation) should be used to compensate nations with low historic 
rates of deforestation in order to stabilise their carbon stocks and avoid leakage (e.g. Strassburg 
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et al. 2008). This may be justified under a vision by which tropical forest nations are sharing 
profits from the carbon market as part of a combined responsibility for global tropical forest 
emissions.  
 
One can also think of price discriminating strategies being applied as part of a REDD program 
implementation within a nation. A nation might receive REDD payments based on the 
international price in the carbon market but then use some portion of these payments to 
compensate landowners for reducing deforestation under a ‘payment for ecosystems services’ 
scheme based on some other price premium above their opportunity costs. An efficient 
mechanism might involve a ‘reverse auction’ where the government solicits bids for participation 
in a program to induce competition among participants to reduce their required levels of 
compensation towards their true ‘willingness to accept’. The largest example of this type of 
policy is the U.S. Conservation Reserve Program, established in 1985; the federal government 
offers landowners about US$2 billion per year in annual rental payments in exchange for taking 
environmentally sensitive cropland out of production under 10-to-15-year contracts. How the 
profits from participation in an international carbon market are divided among different societal 
groups within a nation raises issues of equity and domestic priorities at the national level.  
 
How well a government targets payments will determine its total budgetary costs for a REDD 
program based on a payments for ecosystems services model. Kindermann et al. (2006) show 
that government expenditures for REDD programs vary greatly by policy mechanism employed, 
particularly whether incentives can be targeted precisely to those areas about to be deforested, to 
broader regions with deforestation pressures, or must be applied equally to all forest areas. 
Similarly, whether the policy is a subsidy for standing forests or a tax on deforestation implies 
different financial flows to and from the government. Again, to the extent that certain groups 
receive a surplus (or must pay a tax), this is simply a resource ‘transfer’ between government and 
particular social actors. Such transfers raise distributional and equity considerations but, apart 
from the costs of raising the revenue and administering the program, do not represent 
‘opportunity costs’ to society in terms of foregone profits from valuable economic activities.  
 
The costs of implementing REDD policies comprise upfront costs of ‘capacity building’; 
ongoing ‘administrative costs’ of monitoring, enforcement and other activities needed to run a 
REDD programme; and ‘transaction costs’ involved in successfully connecting buyers and 
sellers. Implementation costs will vary with national capacities and strategies. One-time needs 
for capacity building and policy reform for REDD in 40 countries were recently totalled at US$4 
billion (Eliasch 2008). In addition, the costs of generating valid REDD credits will crucially 
depend on the baseline-setting rules for how REDD efforts shall be compensated.  
 
With a few notable exceptions, studies estimate opportunity costs of avoiding deforestation and 
do not estimate the costs of building the necessary capacity and institutions as well as costs of 
implementation associated with how a REDD program would be carried out in practice. All three 
of the global models in Kindermann et al. (2008) assume that all countries of the world would be 
ready and able to perfectly administer a programme to reduce carbon emissions from forests. In 
reality, countries differ in their institutional capacities and costs of administration would include 
design, monitoring and enforcement of REDD schemes. Benitez et al. (2007) also estimate that 
country-level risks would increase the perceived costs and reduce investments in tropical forest 
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carbon projects in practice.  
 
Some authors have used the cost of managing protected areas as a guide to the cost of REDD. 
Based on a simulation model of deforestation, Soares-Filho estimates that the 2003–2008 
expansion of the protected area programme in the Brazilian Amazon will avoid deforestation of 
around 0.65 million hectares per year through 2050 at a cost of just over US$1.2/tCO2e (reported 
in Bellassen et al. 2008). Nepstad et al. (2007) estimate that avoiding deforestation of 2 million 
hectares per year in the Brazilian Amazon could be achieved incrementally over a 10-year period 
at a total cost of just US$530 million in the 10th year and US$8 billion in total over 30 years. 
The authors estimate that these ‘costs’ of the program will be less than their estimated 
opportunity costs of the land. While society as a whole is still foregoing the opportunity cost of 
the land, the assumption is that the Brazilian state will be willing to self-finance some of these 
opportunity costs and not require compensation from abroad. For example, Nepstad et al. (2007) 
estimate that protecting existing public forests in Brazil would cost only about US$25 million 
and establishing new protected areas would cost about US$8 million per year in administration 
costs. Similarly, they hypothesise that reducing deforestation on indigenous lands could be 
achieved by compensating indigenous peoples for their role as forest stewards an amount less 
than the opportunity costs of the land. Whether this scheme would be practical entails political 
decisions in Brazil and raises both domestic and international equity considerations. While 
opportunity costs may be a useful metric to establish a ‘fair’ minimum payment for REDD, this 
study highlights that the REDD price may reflect a more complex set of political and 
institutional considerations.  
 
2.2 Modelling Approaches  
 
Most estimates of REDD costs come from ‘bottom-up’ or ‘engineering’ studies based on detailed 
information on particular activities in particular locations, at fixed prices. In contrast, ‘top-down’ 
models are more aggregate and take into account commodity market interactions—both demand 
and supply.  
 
In a review of studies estimating the costs of reducing deforestation emissions, Boucher (2008) 
found that the average cost from 28 studies of avoiding deforestation emissions was just 
US$2.56/tCO2e, ranging from –US$0.26 to US$13.34. The widely cited Stern Report presented 
estimates from Grieg-Gran (2006) that halving global deforestation (based on estimates from 
eight major rainforest nations) would cost $3-$6.5 billion per year to compensate the foregone 
profits from agriculture and other alternative land uses. In an update prepared for the Eliasch 
(2008) review, Grieg-Gran estimated that a 30-year program would cost US$7 billion per year to 
compensate these foregone profits from land uses that would otherwise have occurred.  
 
In contrast, a recent review of results from three models of global land use (global timber model, 
or GTM; generalized comprehensive mitigation assessment process, or GCOMAP; and dynamic 
integrated model of forestry and alternative land use, or DIMA) reported substantially higher 
costs, though there is significant variation across models and regions (see Figure 3; Kindermann 
et al. 2008). This comparative study estimates that a 10% reduction in global deforestation would 
cost about US$0.4–1.7 billion per year (US$2–5/tCO2e) while a 50% reduction would cost 
US$17.2–28 billion (US$10–21/tCO2e).  



 

13 
 

 
Top-down models have generally yielded higher estimates for the costs of large-scale REDD, 
partly because they account for market feedbacks (see Table 1). Feedbacks occur as reductions in 
deforestation lower timber harvests and land conversion to agriculture. Consequent lower growth 
in supply of soybeans, cattle and timber will raise their prices, thereby raising the incentives to 
deforest, as long as the unsatisfied demand does not abate completely. Such feedbacks will raise 
the costs of REDD and increase the risk of ‘leakage’ or ‘displacement’ by providing incentives to 
shift deforestation elsewhere. Other differences in data and assumptions contribute to varying 
estimates of REDD costs (see Table 2).  
 
Baselines. Differences in the modelled ‘baseline’ scenarios of what deforestation would be 
without REDD policies affect the estimated costs of REDD. Models differ in the baseline rates of 
deforestation due to differences in the data used as well as in the way the baselines are modelled. 
Nepstad et al. (2007) assume future deforestation continues at historic rates, while opportunity 
costs change over time based on a simulation model of road building (Soares-Filho et al. 2006). 
The DIMA model is calibrated to be consistent with historic ranges of deforestation rates and 
projects a baseline that matches IPCC scenarios (Rokityanski et al. 2007). On the other hand, the 
GTM and GCOMAP baselines are generated by the modelled scenarios of future timber demand. 
More deforestation in the reference case means more deforestation that can be reduced at each 
price, potentially increasing the supply of REDD. However, it also implies stronger deforestation 
drivers, which tends to raise the costs of avoiding emissions in these model (Sathaye et al. 2006; 
Sohngen and Sedjo 2006). 
 
Carbon estimates. The same amount of avoided deforestation will generate different amounts of 
carbon reductions depending on the density of carbon in the forests, with additional carbon 
leading to cheaper reductions per ton for the same cost of preserving a hectare of forest. 
Differences in estimated carbon per hectare account for part of the different cost estimates in 
Figure 3, particularly in Africa where GTM assumes almost twice as much carbon per hectare as 
GCOMAP (Kindermann et al. 2008). How much of the carbon is estimated to be emitted upon 
deforestation similarly impacts the estimated costs. Kindermann et al. (2006) provide varying 
estimates based upon whether timber is converted to wood products or burned as part of slash 
and burn agriculture. If the wood is burned, a greater share of carbon is released. The flipside of 
this is greater emissions reductions per acre of deforestation avoided. 
 
Calculation of opportunity costs. Estimates of opportunity costs are different depending on the 
assumptions made about the opportunity costs of the land and the costs/benefits incurred in 
converting the land from a forest to non-forest use. For example, Grieg-Gran (2006) reports 
different estimates based on whether revenues from one-time timber sales are included as a 
benefit of converting forests. The scenario in Nepstad et al. (2007) combines REDD policies 
with policies to promote sustainable forest management. Profits from sustainable timber harvests 
are thus considered part of the benefits of preserving forests and as a cost of converting land to 
crops or cattle pasture. This scenario reduces the opportunity costs of forest preservation and 
contrasts with the GTM, GCOMAP and DIMA global models of Sohngen et al. (1999), Sathaye 
et al. (2005), and Kindermann et al. (2006), respectively, in which timber harvests are the 
dominant driver of deforestation.   
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Because bottom-up studies do not capture price feedbacks and other market interactions, they do 
not provide a complete assessment of the efficiency of REDD. However, the detailed data and 
spatially explicit nature of some land use simulation models such as Nepstad et al. (2007) and 
Soares-Filho et al. (2006) could help in identifying the location of impacts, an important 
indicator of effectiveness and equity/co-benefits within the nation.  
 
The three main global ‘top down’ models used to analyze REDD are GTM, GCOMAP, and 
DIMA models (Kindermann et al. 2008). These are sectoral or ‘partial equilibrium’ models that 
capture some market interactions between forests and agriculture, allowing for a potentially 
richer assessment of the costs as well as effectiveness of large-scale REDD policies. However, 
these models do not capture broader market interactions with other parts of the economy (such as 
the energy sector or the carbon market). Results from these models have been coupled with other 
models to examine some of the interactions involving other sectors of the economy (see Table 3). 
These models are also somewhat limited in the types of policy levers that are considered to affect 
deforestation. The key lever is the carbon price which affects deforestation by altering the 
balance between the returns to forests versus other uses.  
 
Integration of land use into a global economy-wide ‘general equilibrium’ framework is a 
relatively new but quickly growing field. General equilibrium models enable examination of a 
broader suite of policy levers and more complex mix of deforestation drivers, in particular 
linkages between energy markets and biofuels, which affect the costs of emissions reductions 
through REDD and other land uses. Other possible policy levers for deforestation that have been 
analysed in a general equilibrium framework include exchange rates, land tenure, agricultural 
technologies and transport costs (Cattaneo 2001).  
 
General equilibrium models allow examination of how different land use and other opportunities 
to reduce GHG emissions interact with one another through input and output markets. For 
example, Golub et al. (2008) examine GHG reductions through forestry and agricultural options 
in a global general equilibrium model. They find that policies to protect forests also reduce 
agricultural emissions because greater emissions from intensifying agricultural production are 
outweighed by lower agricultural emissions from lower cropland acreage.  
 
These studies also reveal potentially unexpected effects due to world trade. Golub et al. (2008) 
show that land-based GHG mitigation strategies change patterns of comparative advantage and 
trade. They estimate that carbon incentives (an emissions tax, in this case) for agricultural and 
forest mitigation in the rest of the world reduce global agricultural land area, leading to 
expansion of agricultural exports from the United States, which has a relatively low agricultural 
emissions intensity. Similarly, if the entire world adopted a carbon tax, the United States would 
reduce emissions from agriculture by just three quarters of what it would reduce if the United 
States alone implemented the tax. This is because the United States has a comparative advantage 
in expansion of its agriculture in an emissions constrained world. This suggests that, under a 
global REDD program, countries with a comparative advantage in providing low-carbon forest 
and agricultural products may increase their role in global trade in these commodities, with 
implications for global equity.  
 
Global equilibrium models also identify potentially unintended consequences and feedback 
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effects of climate policies. Reilly and Paltsev (2008) estimate that a U.S. GHG policy that 
included biomass-based fuels as part of a global stabilisation scenario would lead to significant 
worldwide conversion of land from grassland and forests, potentially negating the carbon 
benefits. They highlight the importance of including tropical forest emissions as part of a 
comprehensive climate policy.  
 
There are substantial uncertainties and challenges associated with modelling land-based 
mitigation in general equilibrium models, such as incorporating the dynamics of forestry 
(Sohngen et al. 2008). Another key challenge is modelling the spatial heterogeneity of land in an 
aggregate model and modelling fungibility of land across uses. A common approach uses an 
assumed ‘elasticity of transformation’. The greater the ease of transformation between forests 
and other uses, the greater the deforestation pressures, implying higher costs of REDD. Using 
historic estimates of observed forest area changes, Gurgel et al. (2007) find that expanded 
biofuels production may be possible without large impacts on forest conversion. These estimates 
are very sensitive to the assumed substitutability of forests and other land uses. Other critical 
parameters in determining global land use include technical change in forestry processing as well 
as the rate of livestock intensification (Golub et al. 2008). 
 
No model can capture all aspects of actual decision-making. Statistical analyses of actual data on 
landowner decisions for the United States have revealed that landowners are more reluctant to 
convert land to forests than top-down optimisation models suggest, raising the costs of carbon 
sequestration through forests. Possible explanations are unobserved factors affecting the returns 
to different land uses, decision-making inertia or option values associated with delaying 
decisions under uncertainty (Lubowski et al. 2006). Such difficult-to-model factors may 
potentially either raise or lower the costs of REDD estimated by the global models. For example, 
given uncertainty over future carbon prices, option values may lead landowners to preserve 
forests even under low current prices, if they can save credits to sell later when prices may be 
higher. 
 
3. How Will REDD Affect the Overall Strategy for Reducing Emissions? 
3.1 How Does REDD Affect the Ideal Climate Strategy?  
 
‘Integrated assessment models’ are the most ambitious type of economic models used for climate 
policy analysis. These complex modelling systems explicitly link analyses of global economic 
activity and environmental models of the global environment (including terrestrial, oceanic, and 
atmospheric systems). The economy affects the environment, for example through GHG 
emissions that lead to warming. In turn, these impacts feed back and affect the economy (through 
changes in crop yields, for example) thus affecting production, population and, again, long-term 
emissions and other environmental damages.  
 
One type of integrated assessment study seeks to identify the economically ‘optimal’ strategy for 
addressing global climate change. That is to say, in an ideal world, what is the economically best 
mix of actions that should be pursued to address climate change? This question is answered by 
balancing estimates of the economic costs of reducing GHG emissions through different 
activities against the economic damages caused by the environmental impacts of these emissions. 
The ‘optimal’ strategy achieves the maximum long-term economic benefits (or minimum 
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damages) measured in monetary terms. Sohngen and Mendelsohn (2003) find that forest-based 
activities that reduce carbon emissions, largely in the tropics, should be heavily pursued 
alongside options to reduce emissions from the energy sector as part of a long-term climate 
strategy.1 According to their modelling, forest-based activities would optimally contribute about 
one half the emissions reductions of the energy sector (or about one third of the total emissions 
reductions as these are the only two options) in both the first and second halves of this century. 
This analysis does not consider tradeoffs with other types of emissions reductions strategies 
(such as reductions from agriculture and biofuels). Introducing additional options would tend to 
lower the relative share of forests in a climate solution. In addition, the particular results depend 
on the assumptions underlying the estimate’s mitigation costs.  
 
Another significant finding is that the optimal amount of reductions from the energy sector 
hardly declines (from 203 billion tons to 197 billion tons over the century) when forest 
mitigation options are included. This is because the incremental damages from climate change 
decline very slowly with additional reductions in emissions, because the damages depend on 
atmospheric concentrations, which take a long time to decline. As a result, most emissions 
reductions below a certain price threshold are worth investing in, regardless of how much other 
mitigation has already been undertaken.2 This modelling suggests that carbon mitigation 
activities in global forests, largely in the tropics, are sufficiently low cost to provide a significant 
part of a long-term climate solution. Moreover, this supports the argument that forest-based 
abatement should be pursued in addition to, rather than in lieu of, energy-sector activities as part 
of an economically efficient program.  

 
In addition to REDD’s potential to provide a cheaper option to reduce emissions, others have 
argued that REDD and other forest activities offer an attractive temporary strategy or ‘wooden 
bridge’, that reduces near-term emissions while buying the world time to execute a transition to 
the clean energy and production technologies of the future (e.g. Chomitz 2006). These arguments 
are also important given the possibility that forests preserved today may be destroyed tomorrow, 
offering simply a short-term delay in their emissions. While they do not consider reducing 
emissions through REDD, Gitz et al. (2006) examine the ‘optimal’ climate policy strategy for 
including carbon sequestration from tree-planting activities (‘afforestation’ and ‘reforestation’). 
They find that these activities efficiently serve as a near-term ‘brake’ on emissions, slowing them 
down and buying time for more gradual turnover in the energy and industrial infrastructure, even 
in the case that forest carbon sequestration is impermanent. 

 
At the same time, these authors find it is desirable to delay the majority of tree planting activities 
when there is uncertainty over future climate sensitivity, because maintaining bare land that can 
be forested later provides a ‘hedge’ in terms of reserving cheap abatement opportunities that can 
be quickly deployed later if steeper reductions are needed to stabilise the climate in the future. It 

                                                 
1 Their analysis couples the Dynamic Integrated Model of Climate and the Economy (DICE) (Nordhaus and Boyer 
2000) and the Global Timber Model (GTM) (Sohngen et al. 1999)—see section 4 for more discussion of the latter 
and related models. The GTM includes opportunities for reducing deforestation emissions as well as increasing 
carbon uptake (sequestration) through expanding forest areas and changing forestry management practices, such as 
increasing the time between timber harvests to allow greater carbon build-up.  
2 Van’t Veld and Plantinga (2005) find a similar result using the DICE model to analyse afforestation and 
reforestation policies.  
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is key that sequestering carbon by planting trees is not a time-limited opportunity. Sequestration 
may be delayed without jeopardising the ability of the land to sequester emissions in the future 
and, in the meanwhile, the non-forested land can continue to provide economic benefits, for 
instance from agriculture. This uncertainty analysis suggests a similar argument for REDD, but 
with the opposite conclusion: in light of uncertainty over future climate policy, REDD activities 
are best undertaken early in time because, once deforestation has occurred, the opportunity to 
cheaply avoid those emissions is irreversibly lost (as opposed to forestation, where the 
opportunity to sequester carbon in the future is still maintained even in the case of delay). 
Uncertainty over the long-term requirements of climate policy adds an additional value to 
protecting tropical forests and undertaking other time-limited mitigation options in the near term, 
as a hedge against needing potentially steeper and more expensive emissions reductions in the 
future.  
 
3.2 What Are the Cost Savings Associated with REDD? 
 
Rather than identifying the economically ‘optimal’ strategy, economic models have more 
frequently been used to examine a somewhat simpler question for climate change policy. 
Ignoring the value of reducing emissions, climate ‘stabilisation’ models estimate the least-cost 
means of achieving a particular target for limiting atmospheric concentrations of greenhouse 
gases at a particular level.  
 
Consideration of deforestation and other land-based options for reducing emissions within 
climate models is a relatively new field. However, results from the Energy Modeling Forum 21 
(Rose et al. 2007) and related efforts suggest that reducing deforestation, in addition to planting 
trees, changes in forest management and other land-based options to mitigate GHGs, may 
provide important cost savings to reach climate stabilisation goals over the next century (Table 3; 
Fischer et al. 2007). These cost savings may enable greater global emissions reductions than 
could be achieved without REDD for the same overall cost. Estimated savings of US$2 trillion 
through global forestry mitigation could finance a 10% stricter target, or 0.25°C less of warming 
over the century depending on the modelled scenario (see Table 3). 

 
Most of the integrated assessment models do not directly examine avoided deforestation and land 
use activities more generally. No single model can consider all aspects of the world, so these 
models generally bring in, with varying degrees of sophistication, results from other models 
focused on forests and other land uses. For example, results from the GTM of Sohngen et al. 
(1999) have been used widely, including with the world induced technical change hybrid model 
(WITCH), the model for energy supply strategy alternatives and their general environmental 
impact (MESSAGE), and the global trade and environment model (GTEM) for the analyses 
described above.  
 
There are significant uncertainties associated with existing efforts to incorporate land-based 
mitigation into integrated assessment models (Fisher et al. 2007; Rose et al. 2007). From an 
environmental perspective, uncertainties include how local land use changes impact the climate 
through means other than emissions—changes in surface reflectance (albedo) and the ability of 
land to capture heat and moisture (Betts et al. 2006)—as well as how climate change feedbacks 
affect land use. From an economic perspective, there are significant challenges in estimating 
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emissions trends from land use (see Box 2) as well as the costs of reducing these emissions 
through REDD and other activities.  
 
Apart from differences in the details of models, the potential gains from REDD depend on the 
target GHG concentrations in the atmosphere and the menu of available options for reducing 
emissions. More alternatives bring more potential sources of cheap reductions and reduce the 
reliance on any single option in reducing emissions at least cost. Another critical assumption 
affecting the estimated role of REDD across models is the expected development of future 
biofuel technologies (Table 3). In particular, biomass production for electricity generation 
combined with carbon capture and sequestration could, in theory, be a powerful competitor for 
land if it became a feasible means to generate energy with negative carbon emissions (e.g. 
Obersteiner et al. 2001). 
 
The integrated assessment models provide some estimates regarding the economic benefits of 
including avoided deforestation and other forest-based options as part of a strategy to stabilise 
emissions in the atmosphere. These models, however, are highly aggregate and usually employ 
stylised assumptions. Most studies of REDD focus on the economic potential assuming that 
institutional frameworks and capacities are readily available to immediately implement REDD 
worldwide. However, not all countries will choose to join an international climate agreement or 
be able to effectively reduce deforestation emissions in the near term. These institutional and 
political barriers lower the realistic scale of reductions and their effective global impact. 
Inconsistent incentives for REDD and other GHG reductions across countries would create the 
potential for international emissions ‘leakage’ or ‘displacement’, with reductions in one country 
potentially being offset by increases elsewhere. For example, Gan and McCarl (2007) estimate 
international leakage as high as 42–95% in the forestry products industry. 
 
Box 3: Projecting future land use under business as usual 
 
Before considering how emissions can be reduced and at what costs, models of long-term 
climate stabilisation project a ‘business as usual’ trajectory of global land use and its impacts on 
the climate (along with a trajectory of non-land emissions). In general, models predict an 
increase in cropland and decrease in forests over the coming decades, with global forest cover 
changing by –680 million hectares to +94 million hectares (–18% to +3%) by 2050 across the 
range of recent studies reviewed by the IPCC (Fisher et al. 2007).  
 
Modelling future land use is challenging and uncertain. Existing studies focus on cropland as a 
driver of forest land use. This depends critically on assumptions regarding future population and 
economic growth, which determine the demand for crops, as well as agricultural productivity, 
which determines how much land is needed to satisfy demand. Sands and Leimbach (2003) 
estimate that a 1% annual increase in crop yields would reduce cropland acreage in 2050 by 800 
million hectares (27%) compared with a scenario without yield growth. Kurosawa (2006) 
estimates a more muted response, with 2% annual yield increases avoiding 18% additional 
cropland. Other long-term economic drivers of land use, such as timber demand and urban 
expansion, as well long-term climate feedbacks, in terms of rising temperatures and CO2 levels, 
which may affect the productivity of crops and forests, have received more limited attention.  
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For the most part, models also do not consider climate feedbacks (Fisher et al. 2007). Increased 
concentrations of carbon dioxide could increase growth of some trees and crops, increasing the 
effectiveness of forestation and biofuel crops for sequestering carbon. At the same time, higher 
temperatures and other changes in rainfall and climate variability may have anywhere from 
positive to severely negative implications for agriculture in different locations. This could reduce 
production of agricultural commodities, increase prices, and increase pressures on forests.  
 
4. How Will REDD Affect the Carbon Price and Efforts to Reduce Emissions in Other 
Sectors?  
 
The potential cost advantages of REDD may detract from abatement in other sectors, if REDD 
credits were made fully interchangeable with other GHG credits. A perceived risk is that REDD 
may ‘flood’ the carbon market, dampening the price signal to develop and deploy clean energy 
technologies. The effect of REDD on carbon prices and technology incentives depends on 
several factors: 

 the amount of emissions reductions from avoided deforestation that can actually be 
achieved and credited in practice (the supply of REDD), which depends on the total costs 
of REDD, which countries participate and under what crediting conditions; 

 the demand for REDD based on the overall emissions reductions target and the 
availability and costs of other mitigation alternatives—under stricter targets, there will be 
greater demand for REDD and more expensive reductions from other sectors;  

 the options for ‘banking’ excess near-term actions to reduce emissions against future 
obligations, thus potentially raising current demand for REDD; and 

 the rules on ‘fungibility’ of REDD credits, since restricting the use of REDD and other 
mitigation options would tend to raise the carbon price (and the total costs).  

 
Tavoni et al. (2007) estimate that global implementation of REDD plus afforestation and 
reforestation and changes in forest management would delay deployment of some technologies 
and reduce investment in energy research and development by about 10%, for a fixed emissions 
reductions target. Anger and Sathaye (2008) find a 40% carbon price reduction from introducing 
REDD into a market that also allows unlimited credits for developing country mitigation through 
the clean development mechanism. Other studies find more muted impacts, depending on the 
policy scenario.  
 
According to Eliasch (2008), introducing REDD credits along with modest quantitative 
limitations on REDD has a negligible estimated effect on the European Union’s carbon price, 
even if countries can satisfy 50–85% shares of their abatement through international credits, 
depending on the stringency of the European Union target. The precise proportional impact of 
REDD on the price depends on the assumptions determining the shape of the cost curves, 
including the costs of potential alternatives. 
 
Sufficiently ambitious and credible long-term targets anticipated by market participants also 
provide incentives for saving credits for future use under tighter targets. Taking ‘banking’ into 
account, Piris-Cabezas and Keohane (2008) estimate a global REDD programme would lower 
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the global carbon price by 14%, while using all forestry mitigation options would reduce the 
price by 31%, for a fixed emissions reductions target. Doubling the estimated supply of REDD 
credits has a relatively small effect on the modelled price, as additional credits are ‘banked’ and 
used gradually over time. If REDD helps build a store of relatively low-cost emissions 
reductions, this ‘bank’ can also dampen price volatility by providing a buffer against unexpected 
price spikes in the future.  
 
This analysis also provides insights regarding the timing of REDD. Given strong incentives for 
‘banking’, REDD and other tropical forestry activities serve to shift the time profile of emissions 
reductions in time to take advantage of the lower-cost options available in the near term. The 
rising carbon price leads to overcompliance—cutting emissions more than required by the policy 
in the early years—in order to save credits for later years when carbon prices are expected to be 
higher. This creates a ‘bank’ of credits that could provide firms with a buffer against unexpected 
price spikes and volatility in the future (Piris-Cabezas and Keohane 2008). The contribution of 
REDD to early overcompliance may also be important as a short-term hedge that helps keep 
global options open for limiting warming and also provides some insurance against the need for 
steeper cuts in emissions in the future given uncertain knowledge over climate sensitivity.  
 
5. Conclusions 
 
The latest science suggests that only a global programme that begins almost immediately and 
achieves large reductions in GHGs by mid-century can preserve options to avoid dangerous 
interference with the climate system. Despite different assumptions, a range of economic models 
indicates that REDD can make a significant contribution to cost-effectively stabilising GHG 
concentrations at this scale and speed.  
 
Both the cost and timing of REDD are critically important. Estimated cost savings from REDD 
could buy greater and faster global emissions cuts than can be achieved for the same global 
expenditure without REDD. Stabilising GHG concentrations at safe levels requires ambitious 
efforts to reduce emissions quickly from tropical forests as well as other sectors. Most estimates 
of REDD policy costs focus on ‘opportunity costs’ without considering capacity building and 
transaction costs, which may amount to significant additional requirements. The long-term 
estimated costs savings from global forestry in most models provide significant scope for 
covering these additional expenses. 
 
The economic impact of REDD depends on the overall climate targets and policy architecture, 
the design and implementation of REDD and its fungibility with the rest of the GHG market. 
REDD supply might risk ‘flooding’ the carbon market. Such risk can be contained by policy 
designs ranging from strict and long-term targets with ‘banking’ to modest limits on the use of 
REDD and other types of credits. 
 
Early emissions reductions also have particular value as a global insurance policy for 
maintaining climatic options in light of scientific uncertainty (Fisher et al. 2007). As tropical 
forests are disappearing, REDD is a cost-effective opportunity for reducing emissions that is 
available for a limited time only. The time-limited and irreversible nature of REDD—once 
deforestation occurs, it cannot be avoided in the future—adds further value to protecting tropical 
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forests now rather than foreclosing future options for lowering global emissions. 



 

22 
 

References 
 
Anger, N. and Sathaye, J. 2008 Reducing deforestation and trading emissions: economic 
implications for the post-Kyoto market. Discussion Paper No. 08-016. Center for European 
Economic Research, Mannheim, Germany. 

 
Bellassen, V., Crassous, R., Dietzsch, L. and Schwartzman, S. 2008 Reducing emissions from 
deforestation and degradation: what contribution from carbon markets. Climate Report No. 14. 
Caisse des Depots, Mission Climat. France.  
 
Benitez, P.C., McCallum, I., Obersteiner, M. and Yamagata, Y. 2007 Global potential for carbon 
sequestration: geographical distribution, country risk, and policy implications. Ecological 
Economics 60: 572–583. 
 
Betts, R.A., Falloon, P.D., Goldewijk, K.K. and Ramankutty, N. 2006 Biogeographical effects of 
land use on climate: model simulations of radiative forcing and large-scale temperature change. 
Agricultural and Forest Meteorology 142: 216–233. 
 
Blair, T. 2008 Breaking the climate deadlock: a global deal for our low-carbon future. Report 
submitted to the G8 Hokkaido Toyako Summit. 
 
Boucher, D. 2008 Out of the woods: a realistic role for tropical forests in curbing global 
warming. Union of Concerned Scientists, Washington, DC. 
 
Cattaneo, A. 2001 Deforestation in the Brazilian Amazon: comparing the impact of 
macroeconomic shocks, land tenure, and technological change. Land Economics 77(2): 219–240. 
 
Chomitz, K. 2006 Policies for national-level avoided deforestation programs: a proposal for 
discussion. Background paper for policy research paper on tropical deforestation.  
 
Eliasch, J. 2008 Climate change: financing global forests. Office of Climate Change, UK.  
 
Fisher, B., et al. 2007 Issues related to mitigation in the long term context. In: Metz, B., 
Davidson, O.R., Bosch, P.R., Dave, R. and Meyer, L.A. (eds.) Climate change 2007: contribution 
of working group III to the Fourth Assessment Report of the Inter-governmental Panel on 
Climate Change. Cambridge University Press, Cambridge, U.K. 
 
Gan, J. and McCarl, B. 2007 Measuring transnational leakage of forest conservation. Ecological 
Economics 64: 423–432. 
 
Gitz, V., Hourcade, J.-C. and Ciais, P. 2006 The timing of biological carbon sequestration and 
carbon abatement in the energy sector under optimal strategies against climate risks. The Energy 
Journal 27(3): 113–133.  
 
Golub, A., Hertel, T., Lee, H.-L., Rose, S. and Sohngen, B. 2008 The opportunity cost of land use 
and the global potential for greenhouse gas mitigation in agriculture and forestry. GTAP Working 



 

23 
 

Paper No. 36.  
 
Golub, A., Hertel, T. and Sohngen, B. 2008 Land use modeling in recursively-dynamic GTAP 
framework. GTAP Working Paper No. 48. In: Hertel, T.W., Rose, S. and Tol, R.S. (eds., 
forthcoming) Economic analysis of land use in global climate change policy (ch. 10). 
 
Grieg-Gran, M. 2006 The cost of avoiding deforestation. Report prepared for the Stern Review 
of the Economics of Climate Change. International Institute for Environment and Development, 
London, UK.  
 
Grieg-Gran, M. 2008 The costs of avoided deforestation. Report prepared for the Eliasch Review 
on Climate Change: Financing Global Forests. International Institute for Environment and 
Development, London, UK. 
 
Gurgel, A., Reilly, J.M. and Paltsev, S. 2007 Potential land use implications of a global biofuels 
industry. Journal of Agricultural and Food Industrial Organization 5 (Article 9).  
 
Hansen, M.C. et al. 2008 
 
Jakeman, G. and Fisher, B.S. 2006 Benefits of multi-gas mitigation: an application of the Global  
Trade and Environment Model (GTEM), Multi-Gas Mitigation and Climate Policy. The Energy  
Journal 27(3): 323–342. 
 
Kanninen, M., Murdiyarso, D., Seymour, F., Angelsen, A., Wunder, S. and German, L. 2007 Do 
trees grow on money? The implications of deforestation research for policies to promote REDD. 
Forest Perspectives No. 4. Center for International Forestry Research, Bogor, Indonesia.  
 
Kindermann, G.E., Obersteiner, M., Rametsteiner, E. and McCallum, I. 2006 Predicting the 
deforestation trend under different carbon prices. Carbon Balance and Management 1(15): 1–17. 
 
Kindermann, G., Obersteiner, M., Sohngen, B., Sathaye, J., Andrasko, K., Rametsteiner, E., 
Schlamadinger, B., Wunder, S. and Beach, R. 2008 Global cost estimates of reducing carbon 
emissions through avoided deforestation. Proceedings of the National Academy of Sciences 
105(30): 10302–10307. 
 
Kurosawa, A. 2006 Multi-gas mitigation: an economic analysis using the GRAPE model. The 
Energy Journal 27(3): 275–288.  
 
Lubowski, R.N., Bucholtz, S., Claassen, R., Roberts, M.J., Cooper, J.C., Gueorguieva, A. and 
Johansson, R. 2006 Environmental effects of agricultural land-use change: the role of economics 
and policy. Economic Research Report No. (ERR-25). U.S. Department of Agriculture, 
Economic Research Service, Washington, DC. 
 
Lubowski, R.N., Plantinga, A.J. and Stavins, R.N. 2006 Land-use change and carbon sinks: 
econometric estimation of the carbon sequestration supply function. Journal of Environmental 
Economics and Management 51(2): 135–152. 



 

24 
 

 
Nepstad, D., Soares-Filho, B., Merry, F., Moutinho, P., Rodrigues, H.O., Bowman, M., 
Schwartzman, S., Almeida, O. and Rivero, S. 2007 The costs and benefits of reducing 
deforestation in the Brazilian Amazon. The Woods Hole Research Center, Woods Hole, MA.  
 
Nordhaus, W.D. and Boyer, J. 2000 Warming the world: economic models of global warming.  
MIT Press, Cambridge, MA. 
 
Obersteiner, M. et al. 2001 Managing climate risk. Science 294 (5543): 786–787. 
 
Piris-Cabezas, P. and Keohane, N. 2008 Reducing emissions from deforestation and forest 
degradation: implications for the carbon market. Environmental Defense Fund, Washington, DC. 
 
Rao, S., and Riahi, K. 2006. The Role of Non-CO2 Greenhouse Gases in Climate Change 
Mitigation: Long-term scenarios for the 21st century. Energy Journal 27(3):177-200. 
 
Reilly, J. and Paltsev, S. 2008 Biomass energy and competition for land. GTAP Working Paper 
No. 46. In: Hertel, T.W., Rose, S. and Tol, R.S. (eds., forthcoming) Economic analysis of land 
use in global climate change policy (ch. 8). 
 
Riahi, K., Grubler, A. and Nakicenovic, N. 2006 Scenarios of long-term socio-economic and  
environmental development under climate stabilisation. Technological Forecasting and Change,  
Special Issue, 74(8–9). 
 
Rokityanski, D., Benitez, P., Kraxner, F., McCallum, I., Obersteiner, M., Rametsteiner, E. and 
Yamagata, Y. 2007 Geographically explicit global modeling of land-use change, carbon 
sequestration, and biomass supply. Technological Forecasting and Social Change 74: 1057–1082. 
 
Rose, S., Ahammad, H., Eickhout, B., Fisher, B., Kurosawa, A., Rao, S., Riahi, K. and van 
Vuuren, D. 2007 Land in climate stabilization modeling: initial observations.’ Energy Modeling 
Forum Report, Stanford University.  
 
Sands, R.D. and Lembach, M. 2003 Modeling agriculture and land use in an integrated 
assessment framework. Climatic Change 56: 185–210.  
 
Sathaye, J., Makundi, W., Dale, L., Chan, P. and Andrasko, K. 2005 Estimating global forestry 
GHG mitigation potential and costs: a dynamic partial equilibrium approach. Working Paper 
LBNL 55743. Lawrence Berkeley National Laboratory, Berkeley, CA. 
 
Sathaye, J., Makundi, W., Dale, L., Chan, P. and Andrasko, K. 2006 GHG mitigation potential, 
costs, and benefits, in global forests: a dynamic partial equilibrium approach. The Energy 
Journal, Multigas Mitigation and Climate Policy Special Issue: 95–124. 
 
Searchinger, T., Heimlich, R., Houghton, R.A., Dong, F., Elobeid, A., Fabiosa, J., Tokgoz, S., 
Hayes, D. and Yu, T.-H. 2008 Science 319(5867): 1238–1240. 
 



 

25 
 

Soares-Filho, B., Nepstad, D., Curran, L., Cerqueira, G., Garcias, R., Ramos, C., Voll, E., 
McDonald, A., Lefebvre, P. and Schlessinger, P. 2006 Modelling conservation in the Brazilian 
Amazon. Nature 440: 520–523. 
 
Sohngen, B. and Mendelsohn, R. 2003 An optimal control model of forest carbon sequestration. 
American Journal of Agricultural Economics 85(2): 448–457. 
 
Sohngen, B. and Sedjo, R. 2006 Carbon sequestration in global forests under different carbon 
price regimes. The Energy Journal 27(3): 109–126. 
 
Sohngen, B., Golub, A. and Hertel, T.W. 2008 The role of forestry in carbon sequestration in 
general equilibrium models. GTAP Working Paper No. 49. In: Hertel, T.W., Rose, S. and Tol, 
R.S. (eds., forthcoming) Economic analysis of land use in global climate change policy (ch. 11).  
 
Sohngen, B., Mendelsohn, R. and Sedjo, R. 1999 Forest management, conservation, and global 
timber markets. American Journal of Agricultural Economics 81: 1–13. 
 
Stern, N. 2007  The economics of climate change: the Stern review. Cambridge University Press, 
Cambridge. 
 
Stern, N. 2008 Key elements of a global deal on climate change. The London School of 
Economics and Political Science.  
 
Strassburg, B., Turner, K., Fisher, B., Schaeffer, R. and Lovett, A. 2008 An empirically derived 
mechanism of combined incentives to reduce emissions from deforestation. Centre for Social and 
Economic Research on the Global Environment Working Paper ECM 08-01.  
 
Tavoni, M., Sohngen, B. and Bosetti, V. 2007 Forestry and the carbon market response to 
stabilize climate. Energy Policy 35(11): 5346–5353. 
 
Van’t Veld, K. and Plantinga, A. 2005 Carbon sequestration or abatement? The effect of rising 
carbon prices on the optimal portfolio of greenhouse-gas mitigation strategies. Journal of 
Environmental Economics and Management 50: 59–81. 



 

26 
 

Table 1: Halving global deforestation: comparison between bottom-up and top-down 
models 
 Bottom-up  

Analysis of eight tropical countries (Grieg-
Gran in Eliasch 2008) 

Top-down  
Review of three global land use models 
(Kindermann et al. 2008) 
 

Cost of halving 
deforestation 

US$7 billion/year  US$17.2–28 billion/year 

Time frame Immediate; and annual reductions assured 
over 30 years 

By 2050 

Costs included Opportunity costs of protecting forests (e.g. 
the costs of supplying emissions reductions in 
Figure 1); estimated administration costs of 
US$233–500 million/year for REDD; and 
estimated US$50 million one-time cost for 
national forest inventories in 25 countries plus 
US$7–17 million/year to administer them 

Opportunity cost curves are estimated. 
Total costs above include opportunity costs 
of supplying emissions reductions plus the 
‘rents’ (profits) earned by REDD providers 
in selling reductions at a single market 
price (Figure 1). This is the expenditure for 
a buyer in a competitive market; the 
seller’s ‘rents’ are a redistribution of 
resources, not a cost to society as a whole. 
However, the rents affect the cost 
effectiveness or ability of a REDD 
program to maximise reductions for a 
limited budget. 

Comments Commodity prices fixed Market effects incorporated (e.g. price 
rises as supply falls), which tends to raise 
costs 
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Table 2: Effects of including different features on the estimated costs of REDD 

Select features included in the model Effect on costs

Price feedbacks: lower supplies of timber, crops, etc., raise prices and thus opportunity costs of 
forest protection. 

+ 

Number of deforestation drivers modelled: accounting for more drivers, such as timber and 
agriculture, will raise opportunity costs of forest protection. Accounting for new future drivers, 
such as biofuels, rather than extrapolating past drivers may also increase estimated costs.  

+ 

Implementation and transaction costs, investment risks. + 

Land conversion benefits as opposed to costs: one-time benefits from timber harvests upon forest 
clearance raise costs of forest protection. 

+ 

Greater assumed parameter for the ‘elasticity of transformation’ (the convertibility of forest land to 
other uses) raises costs in some models. 

+ 

Carbon density/releases: greater projected emissions avoided per hectare lower estimated cost per 
ton. 

– 

Timber benefits from protected forests (e.g. sustainable forest management). – 

Scope of the REDD model (forestry activities, sectors, countries, gases): greater scope implies less 
leakage and more opportunity for low-cost global reductions. 

– 

Scope of incentives: more complete coverage lowers leakage and thus costs. – 

Targeting of incentives: targeting payments at emissions reductions lowers transfers to non-
emitters and thus costs (to buyers), but avoiding ‘leakage’ and ensuring equity must also be 
considered.  

– 
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Table 3: Estimated potential of REDD to lower costs and buy additional emissions 
reductions: comparison of models 

Model and type Results 

WITCH coupled with 
GTM (integrated 
assessment analysis; 
Tavoni et al. 2007) 

Including emissions reductions from deforestation, afforestation and 
reforestation (A/R) and changes in forest management enables an 
atmospheric target of 550 CO2e parts per million by volume (ppmv) for 
the same total cost as a 600 ppmv target without forestry mitigation. 
Global forestry mitigation saves about US$2 trillion; this buys the 
climate an estimated additional 0.25°C less warming by the end of the 
century at no added cost (compared with energy-sector only reductions).  

GLOCAF coupled 
with GCOMAP and 
IIASA cluster model 
(integrated assessment 
analysis; Eliasch 
2008) 

The costs of reducing global emissions to 50% of 1990 levels by 2050 
(475 CO2e stabilisation) may be lowered by 25–50% in 2030 and 20–
40% in 2050 when deforestation reductions and A/R are included. The 
cost savings of almost US$2 trillion could finance a 10% lower global 
emissions target.  

MESSAGE 
(integrated assessment 
analysis; Rao and 
Riahi 2006; Riahi et 
al. 2006)  

Includes a broad set of land-based options: avoided deforestation, A/R, 
agricultural mitigation, and biofuels for both liquid fuels and energy with 
carbon capture and sequestration. The biofuel options compete heavily 
with forests; forestry and biofuel options contribute 1–2% and 6–24%, 
respectively, over the next 50 years, and 4–8% and 14–29% over the 
next century when stabilising at about 650 CO2e ppmv. Substantial 
conversion of primary forests to managed plantation forests is predicted. 

GRAPE (integrated 
assessment analysis; 
Kurosawa 2006) 

Includes avoided deforestation, A/R, agricultural mitigation, and biofuels 
for liquid fuels (but not for energy). It estimates a large role for forestry 
activities: 55% and 15% of the abatement over the next 50 and 100 
years, respectively. 

GTEM (‘general 
equilibrium’ model; 
Jakeman and Fisher 
2006) 

Includes avoided deforestation, A/R and agricultural mitigation; excludes 
biofuels. For 650 CO2e concentrations target, estimated contribution of 
forestry is 11% of total abatement over the next 50 years, with all land-
based mitigation options saving US$1.6–7.6 trillion depending on the 
inclusion of non-CO2 mitigation options. 
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Source: Adapted from Lubowski et al. (2006). 

Figure 1. Tracing the links between climate policy, land use, and the environment 
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Figure 2. Links between REDD, the carbon market, and the global economy 
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Figure 3. Supply and demand for REDD ‘credits’ 
 


