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I.) INTRODUCTION  
 
 Deforestation contributes significantly to global warming, which means that actions to 
reduce deforestation have a valid role as part of strategies to mitigate climate change, 
especially since avoided deforestation is a relatively cost effective mitigation strategy.  
 
 This chapter discusses policy debates over the use of avoided deforestation as an 
option for mitigating global warming. The value of forests as a carbon sink is reduced (but 
not eliminated) by the lack of permanence of holding carbon out of the atmosphere in the 
case of individual forest tracts and by the greater uncertainty associated with forests as 
compared to fossil carbon.  However, these effects can be offset by avoiding substantially 
larger amounts of carbon emission than the amount of any carbon credit that is granted.  
Permanence of rainforest carbon can also be addressed by a sequence of temporary credits (as 
is currently done for silvicultural plantations under the Kyoto Protocol). In addition to 
avoiding greenhouse-gas emissions, avoided deforestation generates climatic benefits by 
maintaining evapotranspiration and water cycling, in addition to its fundamental role in 
maintaining biodiversity. 
 Brazilian Amazonia is the focus of the present chapter. High rates of deforestation in 
the region are a major source of emissions: the net committed emission for 1990 from 
deforestation in Brazilian Amazonia was 218.1-227.8 × 106 Mg of CO2-equivalent C/year for 
biomass emissions only, and 230.0-239.7 × 106 Mg of CO2-equivalent C/year including soils 
and other sources (1), updated based on revised wood density estimates in (2). Deforestation 
in 1990 (the standard base year for national inventories under the United Nations Framework 
Convention on Climate Change) was 13.8 × 103 km2 (in primary forest only, not counting 
clearing of savannas or re-clearing of secondary forests). The deforestation rate in 2004 was 
27.4 × 103 km2 per year, which corresponds to a net committed emission of 456.7-475.9 × 
106 Mg of CO2-equivalent C/year. This is almost six times Brazil’s approximately 80 × 106 
Mg of CO2-equivalent C annual emission from fossil fuels and cement. Thus, the case of 
Amazonia is both illustrative and substantive. 
 
 
II.) AVOIDED DEFORESTATION AS A MITIGATION OPTION 
 
 Proposals to avoid tropical deforestation as a means of mitigating global warming 
have been the source of considerable controversy.  As a matter of disclosure, my role as the 
originator of such proposals in the early days of this discussion (e.g., 3, 4), and my 
participation as a combatant in the debates over the succeeding decades, makes me clearly 
partial to  using this option to the fullest extent possible.  The threat to tropical forests posed 
by climate change has been a key part of this debate.  Opponents of granting credit for 
avoided deforestation claim that the eventual demise of the forests will release stored carbon 
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in any case; credit should not be given for temporary carbon storage. Some background on 
the controversy surrounding carbon credit for avoided deforestation is needed. 
 
 Prior to the December 1997 Kyoto Protocol, slowing tropical deforestation to avoid 
greenhouse gas emissions was regarded as a top priority by European governments (e.g., 6) 
and environmental non-governmental organizations (NGOs) headquartered in Europe (7, 8).  
With the advent of the Protocol, these governments and NGOs suddenly reversed their 
positions due to the concern that avoided deforestation would be a temporary and uncertain a 
mitigation strategy (e.g., 5, 9).  In addition, ruling out avoided deforestation as a mitigation 
strategy would level the playing field between Europe and North America by forcing the US 
to raise fuel prices to reduce emissions instead of relying on the substantial credit that would 
come from avoiding deforestation. Environmental NGOs headquartered in other parts of the 
world outside Europe virtually all continued to support credit for avoided deforestation (see 
10).  Grassroots organizations in Brazilian Amazonia overwhelmingly supported credit for 
avoided deforestation.   
 

On the other hand, the Brazilian foreign ministry opposed credit from avoided 
deforestation based on the belief that Brazil’s sovereignty over Amazonia is under permanent 
threat and that the major economic interests represented by carbon credit could lead to 
international pressures that might jeopardize the country’s control over the region.  Although 
belief in a threat of “internationalization” of Amazonia is widespread in Brazil, the view that 
carbon credit for avoided deforestation poses a danger in this regard is not shared by most 
sectors of Brazilian society outside of the foreign ministry.  Brazil’s Ministry of the 
Environment has long favored carbon credit for avoided deforestation (see 11). The nine state 
governments in Brazil’s Amazon region have all favored carbon credit for avoided 
deforestation and one has even attempted to sell it on international commodity exchanges. 
 
 
 At the Conference of Parties (COP) in Bonn, July 2001, the countries that remained in 
the Kyoto Protocol (after US president George W. Bush withdrew the United States) agreed 
to exclude avoided deforestation from crediting in the 2008-2012 first commitment period. 
While the Bonn agreement excluded tropical deforestation, it allowed credit for plantations of 
trees such as Eucalyptus.  The only country that wanted credit for plantations but not for 
avoided deforestation was Brazil, which has one of the world’s largest plantation industries 
(13).   
 
 Following the Bonn agreement, the European governments and NGOs have since 
reverted to their original positions of support for including avoided deforestation in the 
measures for credit in the second commitment period (2013-2017).  The geopolitical situation 
surrounding the current negotiations for the second commitment period is very different from 
the one that applied to the first commitment period during the 3½ year-long battle over this 
issue between the signing of the Kyoto Protocol and the Bonn agreement.  For the second 
commitment period the emissions quotas (assigned amounts) and the rules for crediting (for 
example, for avoided deforestation) will be negotiated simultaneously, thereby eliminating 
parallel advantages that countries can get for themselves by excluding avoided deforestation; 
this negates any argument for a climatic advantage  to be achieved by allowing only the 
minimum possible amount of mitigation in the forest sector.  If tropical forests are excluded 
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from credit, then the industrialized countries that would have purchased the credit will simply 
agree to more modest cuts in their national emissions. 
 
 In the current negotiation for including tropical forests in the second commitment 
period, it is important that countries (or other actors) must take both the benefit and the onus 
of commitments to reduce deforestation.  It is not enough to take credit when deforestation 
goes down and incur no penalty when deforestation goes up.  Proposals advanced in this 
regard essentially treat avoided deforestation as speculating on the stock market, where the 
objective is to “buy low and sell high.” In other words, the natural oscillations in annual 
deforestation rates would generate credit even without any change in the behavior of 
deforesters. Several proposals are under consideration. One is that of the 15-country 
“Coalition for Rainforest Nations” led by Papua New Guinea and Costa Rica, which 
presented a proposal in Montreal in December 2005 to grant carbon credit that could be sold 
and used to meet emissions reduction commitments made under Kyoto Protocol (15, 16).  
Brazil submitted a competing proposal in Nairobi in December 2006 for a voluntary fund for 
financing deforestation reduction that would not produce credit towards achieving targets for 
reducing use of fossil fuels (17).  Whatever solution is adopted, the important role that 
tropical forests play in global warming means that sooner or later measures to reduce 
deforestation are likely to be funded as mitigation measures. 
 
III.) UNDERLYING ISSUES IN COUNTING MITIGATION BENEFITS 

 
 A.) THE VALUE OF TIME 
 
 In order to reflect a preference to receive benefits as soon as possible and delay 
incurring costs as long as possible, economists and entrepreneurs apply a discount rate to all 
future income and expenses (see chapter XX).  An annual discount rate is a percentage by 
which future quantities are devalued for each year between the present and the expected 
credit or debit (after adjustment for any inflation).  Financial decisions are often based on 
annual discount rates on the order of 10 or 12%, and are essentially based on the rate at which 
money can be made from alternative investments in the economy.  Policy decisions intended 
to address different social concerns use other (generally lower) discount rates.   
 
 The Kyoto Protocol has adopted a formulation for calculating the equivalence 
between greenhouse gases with widely differing atmospheric lifetimes based on “Global 
Warming Potentials,” or GWPs, that are based on a 100-year time horizon with no 
discounting over the course of the time horizon (e.g., 23, p. 121).  This formulation gives a 
value to time that is equivalent to an annual discount rate of approximately 1% (24). 
 
 By giving any value to time greater than zero the value of delaying global warming is 
recognized.  If warming by a given amount is delayed by, for example, 50 years, all of the 
impacts that otherwise would have occurred over those 50 years represent a permanent 
benefit with real value.  Temporary storage of carbon, for example in trees, delays global 
warming and therefore has a value.  While the value of temporary storage is less than that of 
permanent storage, it is not zero.  Even if Amazonian forest is in fact destroyed by climate 
change in 80 years (as the Hadley Center model indicates under a business-as-usual scenario; 
see Chapter ___), those 80 years have value that must be compensated if deforestation is 
avoided. 
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 Various formulations have been proposed to account for time based on the “ton-
years” that the carbon remains out of the atmosphere (see 26).  The weak point of such 
formulations is that they require a negotiated agreement on a discount rate or other alternative 
time-preference weighting.  A means of avoiding an explicit negotiation was found by relying 
on market mechanisms as embodied in the “Colombian Proposal,” which creates temporary 
carbon credits that have to be renewed at defined intervals, either by purchasing another 
temporary credit or by making a permanent reduction through avoided fossil-fuel emission 
(27).   
 The question of time preference has come to the fore with the recent discovery that 
living terrestrial vegetation, including tropical forest, may be emitting methane to the 
atmosphere (28, but see recent questioning of this conclusion: 29).  How should the small 
amount of methane a forest emits per hectare per year be weighed against the large immediate 
impact of cutting down a hectare of tropical forest? Each hectare of deforestation in Brazilian 
Amazonia releases net committed emissions totaling 170 Mg CO2-equivalent carbon (updated 
from 31, 32 with altered adjustments for hollow trees and form factor based on 30 and wood 
density based on 2, 34, 35).  Therefore, with no discounting, it would take 665 years for the 
methane emission from a hectare of standing Amazonian forest to offset the impact of 
deforesting that hectare, with the range of uncertainty extending from 423 to 1566 years.  
Even the low end of this range should make clear the tenuous nature of arguments that would 
sacrifice the benefits of forests over the next several centuries in the interests of climatic 
gains that will only begin to accrue several hundred years in the future.  If any discounting or 
other form of adjustment is made for the value of time, keeping the forest becomes the best 
choice regardless of the time horizon.  Any discount rate above a mere 0.15% annually would 
negate forever the benefit of sacrificing tropical forest to avoid its natural emissions of 
methane. 
 
 B) THE ROLE OF UNCERTAINTY 
 
 The global-warming impacts of tropical deforestation, and the benefits of any 
measures taken to reduce it, are inherently more uncertain than are comparable emissions and 
reductions in fossil-fuel combustion.  At each stage of the process, from the planning of a 
mitigation measure or activity to the execution of the plan to the later evaluation and 
monitoring, a forest-sector measure will invariably be more uncertain than an energy-sector 
one.   
 
 Uncertainty (the variation in outcomes due to lack of knowledge) and risk (the 
variation due to known causes) are everyday considerations in financial decisions of all sorts 
(see chapter XX).  These concerns are incorporated into the sum of costs and benefits by 
means of the “expected monetary value” (EMV), with appropriate adjustments for factors 
such as risk aversion.  EMV represents the sum of the products of the value of each possible 
outcome times its respective probability of occurrence.  For example, if one is betting in the 
lottery, one may get a million dollars if one wins, but the probability of winning will be, say, 
one in ten million, making the EMV of a one-dollar lottery ticket only 10 cents.  In the case 
of carbon from avoided deforestation, the reward may only have a modest probability of 
being achieved, but its EMV is still considerable because of the large “jackpot” if avoided 
deforestation is indeed successful (see 36). 
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 The best way to ensure that the climate is not stuck with the losses from overly 
optimistic expectations of mitigation benefits is to insist on a “pay-as-you-go” policy.  This 
also avoids sovereignty issues that are sometimes raised as objections to avoided 
deforestation, especially in Amazonia.  Any advances of funds on the basis of future expected 
carbon benefits would have to come from normal financial markets, not from governments or 
international guarantees. 
 
 Unfortunately, uncertainty has often been raised as an objection to using avoided 
deforestation as a global-warming mitigation option.  Representatives of the Association of 
Small-Island States (AOSIS) insisted that avoided deforestation is too uncertain and that 
fossil fuels should be the exclusive focus of mitigation efforts.  I argue that restricting 
mitigation to fossil fuels is not in the best interests of those who, like small island residents, 
are most at risk from global warming because the expected benefit is substantially higher 
from avoiding deforestation than it is from the same investment in reducing fossil fuel 
emissions.  The carbon benefits are similar to the “expected monetary value” (EMV) of 
financial decision making. The device of insisting on complete or nearly complete certainty 
has the result of ruling out forests as mitigation options (see 10). 
 
IV.) ADDITIONAL BENEFITS OF AVOIDED DEFORESTATION  
 
 A.) BIODIVERSITY 
 
 Climate change and biodiversity conservation are intimately linked in various ways.  
These are explained in more detail in Chapter ___.  Both the climatic and biodiversity 
functions of tropical forests are vulnerable in the face of catastrophic impacts that have been 
predicted for Amazonia.  The recent finding of multiple extinctions of Costa Rican frog 
species due to pathogens whose spread was aggravated by climate change underlines the 
widespread and poorly understood nature of these effects (37). An analysis of the Hadley 
Center results under a business-as-usual emissions scenario indicates that 43% of a 
representative sample of 69 angiosperm plant species would become unviable by 2095 due to 
shifts in climatic zones (38). Both climate and biodiversity concerns are also linked by the 
benefit of avoiding deforestation: saving a hectare of forest from deforestation both mitigates 
climate change and preserves biodiversity.  In addition, Amazonian forests recycle a 
tremendous amount of water, supplying water vapor to the atmosphere that sustains rainfall in 
the Amazon Basin, which is necessary to maintain the forest itself (39, 40).  This water also 
maintains rainfall in heavily populated parts of Brazil such as São Paulo (41). 
 
 There is a natural alliance of interests between those who want to conserve 
Amazonian forest for its biodiversity benefits and those who want to conserve it for its 
climatic benefits.  However, this general alignment can break down when it comes to 
identifying which pieces of forest should receive top priority (42).  Often, biodiversity 
conservation focuses on the very long-term future, or what “will be left” after deforestation 
has presumably run its course for many years and left a landscape of remnants, mostly in 
protected areas (therefore favoring investments in large reserves far from the present 
deforestation frontier).  Global warming mitigation benefits, on the other hand, are generally 
judged in terms of “additionality” over the span of a five-year Kyoto commitment period, and 
would favor reserves near the deforestation frontier if credit were granted (43).  
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 Biodiversity and climate considerations lead to sharp differences in priorities for the 
tropical forest locations that are most important to protect.  Biodiversity is often discussed in 
terms of “hotspots” where many endemic and endangered species occur (e.g., 44).  These 
include the Yungas region along the eastern foothills of the Andes, the Atlantic Forest on the 
southeastern coast of Brazil, Central America and Madagascar.  With the partial exception of 
the Yungas, all of these areas represent the last remaining fragments of forests that have 
suffered centuries of degradation.  From the point of view of climate, these forests have lower 
priority than the vast expanses of remaining forest in Amazonia because any change that 
might be achieved in public policy to reduce future deforestation in these last remaining 
forest remnants would affect a minimal area of forest and stock of carbon, whereas even a 
slight change in deforestation rates in Amazonia affects an incomparably larger stock of 
carbon (45). 
 
 Reducing emissions globally will require using every existing mitigation option, 
among which reducing tropical deforestation is one of the most cost effective (11, 45-50).  
The IPCC has identified deforestation as the dominant form of potential mitigation in the 
tropics (51). In other words, keeping forests standing for their biodiversity value also helps 
avert the climate change that threatens biodiversity and, through its feedback to emissions, 
provokes still more climate change. 
 
 B.) EQUITY  
 
 Equity issues are intimately linked to climate change impacts, mitigation and the 
future of tropical forests.  These issues are covered in more detail in Chapter ___.  The 
tropical forest areas of the world are economically poor as compared to the industrialized 
areas that are responsible for most of the world’s release of greenhouse gases. The 
misconception is common that avoiding tropical deforestation means preventing poor farmers 
from feeding themselves with slash-and-burn agriculture in order to let rich Americans drive 
luxury cars. However, in Brazilian Amazonia (in contrast to some other parts of the tropics) 
deforestation is mostly done by the rich (52, 53).  This presents an opportunity through what 
this author refers to as the “Robin Hood strategy,” or taking from the rich to give to the poor 
by halting the deforestation by wealthy ranchers and land speculators and using the value of 
the environmental services from this as a means of sustaining Amazonia’s poor rural 
population (54). 
 
 A recurrent question is how to compensate for the environmental services of standing 
forest without rewarding grileiros (land thieves) and those who have been victorious in the 
often-bloody struggle for land.  Compensation for carbon makes it even more profitable to 
enter into Amazonian land grabs as an economic activity.  Social impacts represent grounds 
for concern in a wide variety of potential mitigation projects in tropical forests (55).  While 
many policy and legal safeguards (and social struggles) will be needed to ensure that 
disadvantaged segments of the region’s population benefit from mitigation activities; the first 
step in any plan to tap the value of the forest’s environmental services must be creation of 
that value in the first place.  The existence of equity concerns indicates the need for social 
changes, not that the carbon value of tropical forests should be denied. 
 
 The place of indigenous people in maintaining Amazonian forest is a crucial part of 
the debate on the role of avoided deforestation in mitigating global warming.  Indigenous 
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areas are a primary bulwark against deforestation and account for much more forest than do 
conservation units (56). The notion that those concerned with global warming can just pocket 
the environmental contributions of indigenous peoples for free is gravely mistaken and is 
likely to lead to erosion and loss of the protection these forest guardians now provide (57). 
 
V.) CONCLUSIONS 
 
 Because tropical forsts contain large stocks of carbon that are released as greenhouse 
gases when the forests are cleared, substantial benefit for climate is achieved if deforestation 
is avoided.  Advances in creating international mechanisms that grant carbon credit for 
avoided deforestation are needed.  Other environmental services, such as maintenance of 
biodiversity and of water cycling, also have value that could be tapped to help slow 
deforestation. 
 
 Incorporating tropical forests into efforts to mitigate global warming has proved to be 
a complex and controversial task.  Establishing an equivalence between permanent avoidance 
of fossil-fuel emissions and non-permanent storage of carbon in forests requires assigning a 
value to time, either explicitly or by indirect market mechanisms. It also requires 
acknowledging the greater uncertainty of forest carbon.  However, the greatest impediments 
have been political rather than technical, and the current prospects of reaching agreement are 
much better than at any time since the 1997 Kyoto Protocol.  Keeping tropical forests 
standing not only avoids emissions but also benefits biodiversity, traditional peoples and 
social equity for the region’s population as a whole.  
 
VI.) ACKNOWLEDGMENTS 
 
The Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq: Proc. 
470765/01-1, 306031/2004-3, 557152/2005-4, 420199/2005-5) and the Instituto Nacional de 
Pesquisas da Amazônia (INPA: PPI 1-1005, PRJ05.57) provided financial support. I thank the 
editors, Stanford student volunteer “Group 2” (Andre, Christine, Julia and Meg) and an 
anonymous reviewer for helpful suggestions. 
 
VII.) LITERATURE CITED 
 
1.) Fearnside, P.M. 2007. Uso da terra na Amazônia e as mudanças climáticas globais. 

Brazilian Journal of Ecology 10: 83-100. 
 
2.) Nogueira, E.M., P.M. Fearnside, B.W. Nelson and M.B. França. 2007. Wood density in 

forests of Brazil’s ‘arc of deforestation’: Implications for biomass and flux of carbon 
from land-use change in Amazonia. Forest Ecology and Management 248(3): 119-
135.  

 
3.) Fearnside, P.M. 1985.  Brazil's Amazon forest and the global carbon problem. 

Interciencia 10(4): 179-186. 
 
4.) Fearnside, P.M. 1989.  Forest management in Amazonia: The need for new criteria in 

evaluating development options. Forest Ecology and Management 27(1): 61-79. 
 



 

 8

5.) WWF Climate Change Campaign, 2000. Make-or-break the Kyoto Protocol. World Wildlife 
Fund-US, Washington, DC, U.S.A. (available at: http://www.panda.org/climate).  

 
6.) Deutscher Bundestag. 1990. Protecting the Tropical Forests: A High-Priority International 

Task.  Referat Öffentlichkeitsarbeit, Deutscher Bundestag, Bonn, Germany. 968 pp. 
 
7.) Leggett, J. (ed.). 1990. Global Warming: The Greenpeace Report. Oxford University 

Press, Oxford, U.K. 554 pp. 
 
8.) Myers, N. 1989. Deforestation Rates in Tropical Forests and their Climatic Implications. 

Friends of the Earth, London, U.K. 116 pp. 
 
9.) Greenpeace International, 2000. Should forests and other land use change activities be in 

the CDM? Greenpeace International, Amsterdam, the Netherlands. 24 pp. 
 
10.) Fearnside, P.M. 2001. Saving tropical forests as a global warming countermeasure: An 

issue that divides the environmental movement. Ecological Economics 39(2): 167-184. 
 
11.) Fearnside, P.M. 2006. Mitigation of climatic change in the Amazon. pp. 353-375 In: 

W.F. Laurance & C.A. Peres (eds.) Emerging Threats to Tropical Forests. University 
of Chicago Press, Chicago, Illinois, U.S.A. 563 pp. 

 
12.) Fearnside, P.M. 2001. Environmentalists split over Kyoto and Amazonian deforestation. 

Environmental Conservation 28(4): 295-299. 
 
13.) Fearnside, P.M. 1998. Plantation forestry in Brazil: Projections to 2050. Biomass and 

Bioenergy 15(6): 437-450. 
 
14.) Fearnside, P.M. 2005. Global implications of Amazon frontier settlement: Carbon, 

Kyoto and the role of Amazonian deforestation. pp. 36-64. In: A. Hall (ed.) Global 
Impact, Local Action: New Environmental Policy in Latin America. University of 
London, School of Advanced Studies, Institute for the Study of the Americas, 
London, U.K. 321 pp. 

 
15.) Papua New Guinea and Costa Rica. 2005. Submission by the Governments of Papua 

New Guinea and Costa Rica: Reducing Emissions from Deforestation in Developing 
Countries: Approaches to Stimulate Action. Eleventh Conference of the Parties of the 
UNFCCC, Agenda Item No. 6. United Nations Framework Convention on Climate 
Change (UNFCCC), Bonn, Germany. 23 pp. 
(http://www.rainforestcoalition.org/documents/COP-11AgendaItem6-
Misc.Doc.FINAL.pdf) 

 
16.) Laurance, W.F. 2007. A new initiative to use carbon trading for tropical forest 

conservation. Biotropica 39(1): 20–24. 
 
17.) Brazil. 2006. The 12th Conference of the Parties of the UNFCCC, Nairobi, Kenya. 

Positive incentives for voluntary action in developing countries to address climate 
change: Brazilian perspective on reducing emissions from deforestation. United 



 

 9

Nations Framework Convention on Climate Change (UNFCCC), Bonn, Germany.  4 
pp. (http://unfccc.int/files/meetings/dialogue/application/pdf/wp_21_braz.pdf). 

 
18.) Kirschbaum, M.U.F. 2006. Temporary carbon sequestration cannot prevent climate 

change. Mitigation and Adaptation Strategies for Global Change 11: 1151-1164. 
 
19.) Fearnside, P.M. 2008. On the value of temporary carbon: A comment on Kirschbaum. 

Mitigation and Adaptation Stategies for Global Change 13(3): 207-210. 
 
20.) van Kooten, G.C., A. Grainger, E. Ley, G. Marland and B. Solberg. 1997. Conceptual 

issues related to carbon sequestration: Uncertainty and time. Critical Reviews in 
Environmental Science and Technology 27(special): S65-S82. 

 
21.) Fearnside, P.M. 1995. Global warming response options in Brazil's forest sector: 

Comparison of project-level costs and benefits. Biomass and Bioenergy 8(5): 309-
322. 

 
22.) Fearnside, P.M. 2002. Time preference in global warming calculations: A proposal for a 

unified index. Ecological Economics 41(1): 21-31. 
 
23.) Schimel, D. and 75 others, 1996. Radiative forcing of climate change. pp. 65-131 In: J.T. 

Houghton, L.G. Meira Filho, B.A. Callander, N. Harris, A. Kattenberg and K. Maskell 
(eds.), Climate Change 1995: The Science of Climate Change. Cambridge University 
Press, Cambridge, UK. 572 pp. 

 
24.) Fearnside, P.M. 2002. Why a 100-year time horizon should be used for global warming 

mitigation calculations.  Mitigation and Adaptation Strategies for Global Change 
7(1): 19-30. 

 
25.) Meinshausen, M. and B. Hare. 2000. Temporary sinks do not cause permanent climate 

benefits.  Greenpeace International, Amsterdam, the Netherlands. 7 pp. (available at 
www.carbonsinks.de). 

 
26.) Fearnside, P.M., D.A. Lashof and P. Moura-Costa. 2000. Accounting for time in 

mitigating global warming through land-use change and forestry. Mitigation and 
Adaptation Strategies for Global Change 5(3): 239-270. 

 
27.) Blanco, J. T. and C. Forner. 2000. Expiring CERs: A proposal to addressing the 

permanence issue for LUCF projects in the CDM. Unpublished manuscript, Economic 
and Financial Analysis Group, Ministry of the Environment, Bogotá, Colombia. 
FCCC/SB/2000/MISC.4/Add.2/Rev.1, 14 September 2000. (available at 
http//www.unfccc.de). 

 
28.) Keppler, F., J.T.G. Hamilton, M. Brass and T. Röckmann. 2006. Methane emissions 

from terrestrial plants under aerobic conditions. Nature 439: 187-191. 
 
29.) Hopkin, M. 2007. Missing gas saps plant theory. Nature 447: 11. 
 

http://www.carbonsinks.de/


 

 10

30.) The Keppler et al. (28) estimate of methane emissions considered the world’s area of 
tropical forest to total 1.75 × 109 ha based on Saugier et al. (58) and calculated that 
this area releases 33.2-123 million t CH4 per year. The midpoint of this range (78.2 
million t CH4 per year) corresponds to an annual per-hectare emission of 0.045 t CH4, 
which is equivalent to 0.26 t CO2-equivalent carbon per year, considering the 100-
year global warming potential of 21 for CH4 currently adopted by the Kyoto Protocol 
(i.e., 1 t CH4 = 21 t CO2 gas or 5.73 t CO2-equivalent carbon). 

 
31.) Fearnside, P.M. 1997. Greenhouse gases from deforestation in Brazilian Amazonia: Net 

committed emissions. Climatic Change 35(3): 321-360. 
 
32.) Fearnside, P.M. 2000. Greenhouse gas emissions from land-use change in Brazil's 

Amazon region. pp. 231-249 In: R. Lal, J.M. Kimble and B.A. Stewart (eds.) Global 
Climate Change and Tropical Ecosystems. Advances in Soil Science. CRC Press, 
Boca Raton, Florida, U.S.A. 438 pp. 

 
33.) Fearnside, P.M. and W.F. Laurance. 2004. Tropical deforestation and greenhouse gas 

emissions. Ecological Applications 14(4): 982-986. 
 
34.) Nogueira, E.M., B.W. Nelson and P.M. Fearnside. 2005. Wood density in dense forest in 

central Amazonia, Brazil. Forest Ecology and Management 208(1-3): 261-286. 
 
35.) Nogueira, E.M., B.W. Nelson and P.M. Fearnside. 2006. Volume and biomass of trees in 

central Amazonia: Influence of irregularly shaped and hollow trunks. Forest Ecology 
and Management. 227(1-2): 14-21.  

 
36.) Fearnside, P.M. 2000. Uncertainty in land-use change and forestry sector mitigation 

options for global warming: Plantation silviculture versus avoided deforestation. 
Biomass and Bioenergy 18(6): 457-468. 

 
37.) Pounds, J.A., M.R. Bustamante, L.A. Coloma, J.A. Consuegra, M.P.L. Fogden, P.N. 

Foster, E. La Marca, K.L. Masters, A. Marino-Viteri, R. Pushcendorf, S.R. Ron, G.A. 
Sánchez-Azofeifa, C.J. Still and B.E. Young. 2006. Widespread amphibian 
extinctions from epidemic disease driven by global warming. Nature 439: 161-167. 

 
38.) Miles, L., A. Grainger and O. Phillips. 2004. The impact of global climate change on 

tropical biodiversity in Amazonia. Global Ecology and Biogeography 13(6): 553-565. 
 
39.) Lean, J., C.B. Bunton, C.A. Nobre and P.R. Rowntree. 1996. The simulated impact of 

Amazonian deforestation on climate using measured ABRACOS vegetation 
characteristics. pp. 549-576. In: J.H.C. Gash, C.A. Nobre, J.M. Roberts and R.L 
Victoria (eds.) Amazonian Deforestation and Climate. Wiley, Chichester, U.K. 611 
pp. 

 
40.) Foley, J.A., G.P. Asner, M.H. Costa, M.T. Coe, R. DeFries, H.K. Gibbs, E.A. Howard, 

S. Olson, J. Patz, N. Ramankutty and P. Snyder. 2007. Amazonia revealed: Forest 
degradation and loss of ecosystem goods and services in the Amazon Basin. Frontiers 
in Ecology and the Environment 5(1): 25-32. 



 

 11

 
41.) Fearnside, P.M. 2004. A água de São Paulo e a floresta amazônica. Ciência Hoje 

34(203): 63-65. 
 
42.) Fearnside, P.M. 2003. Conservation policy in Brazilian Amazonia: Understanding the 

dilemmas. World Development 31(5): 757-779. 
 
43.) Credit under Kyoto’s Clean Development Mechanism is not a possibility until after 

2012. 
 
44.) Myers, N., C.G. Mittermeier, R.A. Mittermeier, G.A.B. da Fonseca and J. Kent. 2000. 

Biodiversity hotspots for conservation priorities. Nature 403: 853-858. 
 
45.) Fearnside, P.M. 2001. The potential of Brazil's forest sector for mitigating global warming 

under the Kyoto Protocol. Mitigation and Adaptation Strategies for Global Change 
6(3-4): 355-372. 

 
46.) Fearnside, P.M. 2003. Deforestation control in Mato Grosso: A new model for slowing 

the loss of Brazil’s Amazon forest. Ambio 32(5): 343-345. 
 
47.) Fearnside, P.M. 2003. Deforestation control in Mato Grosso: A new model for slowing 

the loss of Brazil’s Amazon forest. Ambio 32(5): 343-345. 
 
48.) Fearnside, P.M. and R.I. Barbosa. 2003. Avoided deforestation in Amazonia as a global 

warming mitigation measure: The case of Mato Grosso. World Resource Review 
15(3): 352-361. 

 
49.) Moutinho, P. and S. Schwartzman (eds.) 2005. Tropical deforestation and climate 

change. Instituto de Pesquisa Ambiental da Amazônia (IPAM), Belém, Pará, Brazil & 
Environmental Defense (EDF), Washington, DC, U.S.A. 131 pp. 

 
50.) Santilli, M., P. Moutinho, S. Schwartzman, D. Nepstad, L. Curran and C. Nobre. 2005. 

Tropical deforestation and the Kyoto Protocol. Climatic Change 71: 267-276. 
 
51.) Nabuurs, G.J., O. Masera, K. Andrasko, P. Benitez-Ponce, R. Boer, M. Dutschke, E. 

Elsiddig, J. Ford-Robertson, P. Frumhoff, T. Karjalainen, O. Krankina, W. Kurz, M, 
Matsumoto, W. Oyhantcabal, N.H. Ravindranath, M.J.S. Sanchez and X. Zhang. 
2007. Forestry. Chapter 9 In: B. Metz and O. Davidson (eds.) Climate Change 2007: 
Mitigation of Climate Change. Contribution of Working Group III to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge, U.K. 

 
52.) Fearnside, P.M. 1993.  Deforestation in Brazilian Amazonia: The effect of population 

and land tenure. Ambio 22(8): 537-545. 
 
53.) Fearnside, P.M. 2005. Deforestation in Brazilian Amazonia: History, rates and 

consequences. Conservation Biology 19(3): 680-688. 
 



 

 12

54.) Fearnside, P.M. 1997. Environmental services as a strategy for sustainable development 
in rural Amazonia. Ecological Economics 20(1): 53-70. 

 
55.) Fearnside, P.M. 1996. Socio-economic factors in the management of tropical forests for 

carbon. pp. 349-361 In: M.J. Apps and D.T. Price (eds.) Forest Ecosystems, Forest 
Management and the Global Carbon Cycle, NATO ASI Series, Subseries I "Global 
Environmental Change," Vol. 40. Springer-Verlag, Heidelberg, Germany. 452 pp. 

 
56.) Nepstad, D.C., S. Schwartzman, B. Bamberger, M. Santilli, D. Ray, P. Schlesinger, P. 

Lefebvre, A. Alencar, E. Prinz, G. Fiske and A. Rolla. 2006. Inhibition of Amazon 
deforestation and fire by parks and indigenous lands. Conservation Biology 20(1): 65-
73. 

 
57.) Fearnside, P.M. 2005. Indigenous peoples as providers of environmental services in 

Amazonia: Warning signs from Mato Grosso. pp. 187-198. In: A. Hall (ed.) Global 
Impact, Local Action: New Environmental Policy in Latin America, University of 
London, School of Advanced Studies, Institute for the Study of the Americas, 
London, U.K. 321 pp. 

 
58.) Saugier, B., J. Roy and H.A. Mooney. 2001. Estimations of global terrestrial 

productivity: converging toward a single number? pp. 241-255. in Saugier, B., J. Roy 
and H.A. Mooney (eds.). Global Terrestrial Productivity. Academic Press, San 
Diego, California, U.S.A. 573 pp.  

 


