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Executive Summary

. In terms of reducing emissions, stopping or slowing deforestation is similar to
reducing emissions from fossil fuels, with the possible difference being the added
challenge of promoting long-term forest conservation.

. Unlike reducing fossil-fuel emissions, protecting tropical forests will maintain a sink
— probably temporary and spatially variable, but a valuable added benefit for our
climate nonetheless. Given the probable size of this sink, reductions in fossil fuel
emissions will be only about 80% as effective as reductions achieved via forest
conservation. Put positively, the additional carbon that mature tropical forests remove
from the atmosphere makes avoided emissions from tropical forest conservation 20%
more effective than avoided fossil fuel emissions.

. Deforestation disrupts microclimates and stresses adjacent forests. Protecting tropical
forests will maintain benefits for surrounding forests by reducing edge effect and
fragmentation. This may help make remaining tropical forests more resilient in the
face of numerous threats, including climate change. The role of fragmentation and
edge effect is more accepted as a cause of forest degradation than are climate-induced
threats. Arguments for excluding forest conservation from the Kyoto Protocol using
selective climate change models misrepresent the scientific consensus on the
proximate causes and solutions to deforestation.

. Destroying tropical forests may alter globally important land surface parameters. This
will have consequences on circulation patterns, hydrologic regimes, and the export of
energy and mass from the tropics. Irrespective of greenhouse gases (GHGs),
deforestation will have unknown but potentially severe consequences on regional
climate and weather.

The biological diversity associated with tropical forests is another important reason to
give a higher priority to the conservation of biogenic carbon in tropical forests than to -
fossil fuel reductions. This may become more important if climate change creates new
needs for yet-unknown genetic resources harbored in tropical forests.

. Using the Kyoto Protocol to aid forest conservation will bring substantial benefits to
people in developing countries. This cooperation will foster institutions and learning
which will enhance the ability of countries to reduce emissions and manage the
effects of climate change.

. Leveraging resources under the Kyoto Protocol to stop deforestation is equitable.
Financing tropical forest conservation under a GHG treaty will provide needed
revenues for managing these globally important ecosystems. Currently, economic
incentives favor the conversion of tropical forest over their preservation; no plausible
alternative exists to compensate countries for the opportunity costs of not harvesting
their forests.

. Novel techniques including locally integrated, multi-component forestry projects and
clever international financing, can help promote sustained tropical forest
conservation. New creative solutions are needed that will enable forest conservation
to succeed, either under a GHG treaty or for its own intrinsic worth.






Tropical Deforestation as a Source of Emissions

Two primary types of carbon contribute to rising atmospheric greenhouse gas levels —
fossilized carbon (such as coal, oil, and gas) and biogenic (biologically active) carbon.
According to estimates of the Intergovernmental Panel on Climate Change (IPCC), about
6.3 +/- 0.6 gigatons (Gt C, equal to one billion tons) of fossilized carbon are released
annually through the combustion of fuels and during cement production. Meanwhile,
roughly 1.6 +/- 0.8 Gt C of biogenic carbon are emitted from changes in land use
practices. Deforestation in the tropics causes the vast majority of the carbon released from
land use changes.’ This suggests that, while carbon fluxes vary from year to year, tropical
deforestation probably causes around 20% of net greenhouse gas (GHG) emissions
(figure 1). A recent study that suggests tropical deforestation may release 3 Gt C.” If this
is true, approximately one-third of human-caused greenhouse gas emissions come from
tropical deforestation.

Average Annual Emissions, 1989-1993
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Figure 1. Categories of carbon emissions.
Sources. IPCC (2000)' and Malhi and Grace (2000)°. The error bar for land use change includes the Malhi
and Grace estimate.



Two ways to reduce greenhouse gases (GHGs)

Given the breakdown of carbon sources, there are two broad approaches to reducing
human-caused greenhouse gas emissions: (1) lessen emissions from tropical
deforestation; and/or (2) lessen emissions from fossil fuels. Since CO; and other GHGs
are assumed to be well mixed (and exert their warming globally), it shouldn’t matter if an
emission reduction comes from a forest or from a fossil fuel source. Or does it? This
paper answers this question by examining the climate-related benefits that tropical forest
conservation secures relative to avoided fossil fuel emissions.

A brief note on relevant policy issues and definitions

It is widely agreed that a climate change treaty should emphasize the reduction of GHG
sources. If humanity wants to reduce as much carbon dioxide and other GHGs as
possible, it is probably unwise to omit, a priori, large amounts of worldwide emissions
from the Kyoto Protocol. It is therefore surprising that excluding tropical forest
conservation from the Kyoto Protocol is even being discussed.’ Nonetheless, it is, and so
this debate is referred to throughout the paper. Part of this discussion arises from a
widespread, but deeply flawed, misnomer of calling all types of forestry projects “sinks.
For clarity, definitions used by the IPCC are provided in box 1.°
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Box 1. Definitions of a sink and source

Definitions
Sink. Any process or mechanism which removes a greenhouse gas, an aerosol, or a precursor of a
greenhouse gas from the atmosphere. A given pool {reservoir) can be a sink for atmospheric carbon
if, during a given time interval, more carbon is flowing into it than is flowing out of it.

Source. Opposite of a sink. A carbon pool (reservoir) can be a source of carbon to the atmosphere
if less carbon is flowing into it than is flowing out of it.

Source: Intergovernmental Panel on Climate Change. 2000. Land Use, Land-Use Change, and
Forestry. Cambridge University Press, Cambridge, UK.

Stopping tropical deforestation prevents the flow of carbon into the atmosphere.® As such,
conserving a tropical forest from being destroyed is an emission reduction; calling this
effort a “sink” confuses the fundamentals of carbon cycling. Slightly complicating
matters, however, is that protecting tropical forests not only prevents a source of carbon
to the atmosphere. In some cases forest protection will also maintain a sink for
atmospheric carbon. All together, mature tropical forests probably remove around one
billion tons of carbon per year from the atmosphere. Thus, in terms of stabilizing
atmospheric carbon concentrations, protecting tropical forests does two valuable things: it
prevents a source of emissions; and it maintains a sink for emissions that are already in
the atmosphere. This double effect gives tropical forest conservation one substantial
advantage over fossil fuel reductions in terms of overall climate stability.



Another source of confusion in this debate is that there are two types of sequestration, re-
growth and CQ, fertilization. Grouping these together for policy considerations also can
confuse matters. This difference is more fully explained in subsequent sections.

Finaily, while the Kyoto Protocol is the most probable candidate to guide future
greenhouse gas reductions, the findings presented here are applicable to any subsequent
treaty on global climate change that may emerge.

Calculating the Added Benefit of Tropical Forest Conservation

The added benefit of forest versus fossil emission reductions can be expressed as a ratio
of carbon sequestered in an area to carbon emissions avoided with forest protection
(equation 1). It is important to note that fossilized carbon, in the form of coal, oil, and
gas, does not sequester any carbon from the atmosphere. Thus, this ratio is the advantage
of forest conservation for stabilizing atmospheric GHG concentrations relative to
reducing fossil fuel emissions. While this “double-dividend” could be calculated for any
ecosystem at risk of conversion, assessing it for tropical forests is particularly germane
because of their significant GHG emissions.

Equation 1. The added benefit of tropical forest conservation relative to fossil fuel
reductions.

Added benefit of tropical CO, fertilization in mature forests
forest conservation compared = Emissions avoided

with fossil fuel reductions

Forestry projects also face a unique challenge as compared with fossil fuel reductions.
Unlike upgrading a piece of technology with a less-polluting replacement part, protecting
a tropical forest one year is no guarantee the protection will last. Of course, a piece of
technology may also fail but the permanence of emission reductions in a forestry project
1s less certain than a technology or a fossil fuels project. This ratio (equation 1) then may
help policy makers decide if the added benefits of tropical forest conservation outweigh
the added risks.

What is the size of this double dividend? Is it large enough to outweigh the risk of
reversibility that forest conservation projects face, either from subsequent land-clearing or
forest loss due to climate change?

The relative size of the benefit can be estimated from preliminary research on the carbon
sink in tropical forests. Specifically, the added benefit will depend on three factors
discussed in following sections:

¢ the average amount of carbon taken up each year in mature tropical forests
¢ the estimated longevity of this sink
» the estimated carbon reductions from forest conservation.



More than one kind of sink

Before estimating the size of the carbon sink in tropical forests, a brief foray into different
types of carbon sink is necessary. The first kind of sink occurs when an ecosystem is
recovering from a previous disturbance that released carbon, such as a previously logged
forest that is regrowing. Any accumulation of carbon in an ecosystem recovering from a
previous disturbance implies there was a loss of carbon at an earlier time.”® In tropical
forests, it takes decades or centuries for carbon in the system to reach pre-disturbance
levels. In some cases, this may never occur.” As an ecosystem recovers previously lost
carbon, no real carbon benefit occurs since CO, fertilization is replaced with re-growth.
Consequently, any policy that rewards carbon uptake resulting from a previous release
could lead to perverse results, especially if the original carbon depletion is not taken into
account.'

The second kind of sink, CO, fertilization, occurs when relatively undisturbed ecosystems
accumulate more carbon than they release over a period of time, This is the case in some
mature forest ecosystems as well as in other ecosystems. This type of sink is an important
ecosystem service that helps buffer (i.e., slow) the buildup of atmospheric greenhouse
gases. CO, fertilization, although caused by excess carbon emissions and therefore not
something to be encouraged, provides a real benefit to our atmosphere. The longevity of
terrestrial sinks is probably finite (see below); nevertheless, mature tropical forests and
other ecosystems assimilate a certain amount of greenhouse gas pollution. Even if carbon
uptake by mature forests is not explicitly rewarded in a GHG treaty, any ecosystem
service that lowers GHG concentrations should be at least explicitly acknowledged in
such a treaty.

Mature tropical forests as carbon sinks

Like most trees, those in the tropics are about 50% carbon by dry weight. Since this
carbon is involved with photosynthesis, not only do tropical forests store carbon and
serve as a source of potential emissions, they also draw carbon out of the atmosphere.'' 1>
Mature tropical forests are probably sequestering around a billion tons of carbon per year
(see below) — and therefore exert a sizeable “brake” on global climate change. But first a
description of some of the models used to make this estimate.

Some studies suggest that tropical forests will be some of the more resilient sinks for CO,
in coming decades."* As a biome, tropical forests may have an advantage for absorbing
excess atmospheric CO,."* Tropical forests may respond more readily to elevated CO,
because their growth is not as limited by nutrients or temperatures as are other forests
worldwide."®

Other reports, however, draw opposite conclusions.'” Also, some vegetation models show
that tropical forests may be stressed by climate change in coming years, releasing their
carbon at some point in the future.



How much carbon is being absorbed in mature tropical forests?

Several studies recently have attempted to answer the question “how big is the tropical
terrestrial sink?” (see table 1). The models chosen here do not represent all estimates of
the sink in tropical forests. Some of the larger computer models that estimate carbon
sources and sinks are typically parameterized by assumptions that may not be valid for
tropical forests.'® In particular, many models have a difficult time estimating the size of
the tropical sink owing to the range of uncertainty about the size of sources from land use

change in the tropics.”

Table 1. Estimates of current carbon uptake in mature tropical forests.

Study Method Tropical forest sink (originall Comment
estimate in bold)
GtC
worldwide* t-C/ha*

IPCC, 2000 Literature 1.58 1.00 From studies of mature forests; median

review of reported values
Phillips et al., 1998" [Tree 0.77 0.49 Mean value. Some regions stronger sinks

measurements than others.
Malhi and Grace, Integrated 2.00 1.26 Estimated global value for old-growth
2000° analysis tropical forests and associated soils.
Average of studies 145 0.92
Multiplied by 2/3 to 0.97 0.61
use a conservative
estimate

* Values from these studies were recorded either on a per hectare basis or as a global aggregate. To move
between the columns (between per hectare and worldwide values), the reported value was either multiplied
or divided by the estimated number of hectares remaining, approximated to be 1.58 billion hectares
(adopted from FAQ, 1999*").
@ This is the median of reported values for annual carbon uptake in mature tropical forests. If a probable
weighted-area average were used, the value reported here would underestimate the size of the sink.

b This is based on 600,000 individual tree measurements. This study was unique in having a global

coverage of measurements for carbon uptake in mature tropical forests.

€ The value reported for carbon uptake in both soils and trees for mature tropical forests was used.
Sources: IPCC, 2000'; Malhi and Grace, 2000%; Phillips et al., 1998°%; FAO, 1999%'.




As a whole, these assumptions are not conservative in terms of the general consensus on
the location of the terrestrial sink. During the years 1989 to 1998, the terrestrial uptake of
carbon was estimated to be 2.3 +/- 1.3 Gt C per year.” For this reason, the estimates from
the studies were multiplied by 66%. Making this correction implies that tropical forest
uptake accounts for between 27% and 42% of total terrestrial uptake. Although there is
still a large uncertainty in this estimate, this seems plausible.

Thus, using techniques from tree measurements to literature surveys and integrated
analysis (and then further lowering the estimate to 66% of the average value of the
studies), these studies suggest that approximately 0.97 Gt C are being taken up annualty
in mature tropical forests worldwide. This translates (on the basis of an estimated 1.58 x
10° ha of natural tropical forests in the year 2000) to a sink of 0.61 tons of carbon per
hectare of tropical forest per year. Recent inversions of the atmospheric "*C record, while
having considerable uncertainty, suggest a tropical sink of a size similar to the one
reported here.” Some of the tropical sink observed with *C measurements results from
regrowth and should not be considered an added benefit for the atmosphere. Like other
methods, isotopic calculations are complicated by the large uncertainty in the size of the
source of emissions from tropical forests. In general, the larger the source of tropical
emissions, the larger the probable sink in the tropics.

To balance any lingering concern that the terrestrial sink in tropical forests is being
overstated, additional conservative assumptions are used in the next subsection, which
looks at the estimated longevity of the terrestrial sink.

Estimated longevity of the tropical forest sink

If we have an estimate of the current sink in tropical forests and we want to know how
much carbon a hectare of tropical forests might be expected to add in the future, it is
necessary to estimate how long the sink will last and how it will change through time.
This question remains relatively speculative.

A comparison by Wolfgang Cramer and Pep Canadell looked at six dynamic global
vegetation models to estimate the change in the strength of the terrestrial sink through
time.** Of the six models examined, all show the terrestrial sink increasing with rising
CO, levels until around the year 2030, assuming current land cover.”” In these models, the
terrestrial sink grows, on average, from its current (estimated) size of about 2.5 G tons per
year to about 4.5 G tons per year in 2030. Around this time {(e.g., 2030), most models
show a stabilization of the sink. By 2050, most models show a decrease to an average 3.4
G tons per year for the six models, still a full G ton larger than the current sink. This
research, while preliminary, suggests there is a reasonable likelihood that the terrestrial
sink will grow for some time, will level off in a few decades, and will still be at least as
large in 50 years as it is today. One of the dynamic vegetation models, however, shows a
dramatic loss in carbon stored in the northern Amazon due to climate stresses starting in
2030. 1 discuss this set of models below in the subsection on “The ‘forest die-back.’”



These findings from the Cramer and Canadell study come to roughly similar conclusions
as work done elsewhere.” They also reflect the general consensus of IPCC authors of the
special report, Land Use, Land-Use Change, and Forestry.

These model experiments and other analyses (e.g., Walker et al., 1999) suggest that the
current global terrestrial sink will be maintained over the short term of the next few
decades unless serious mortality occurs but may diminish toward the end of the 215t
century. With the present state of knowledge, projections beyond a few decades must be
regarded as uncertain; this situation is improving rapidly, however.”

To estimate conservatively the potential for tropical forests to sequester carbon over time,
the average annual uptake (from table 1) is multiplied by 25 and 50 years. This implies
two conservative assumptions: (1) the terrestrial sink will not grow over the next few
decades as almost all models suggest it will, and (2) the terrestrial sink will last for only
25 or 50 years (whereas the balance of evidence suggests that the sink — barring serious
mortality — may persist toward the end of the century).

As Cramer and Canadell and others point out from their analyses, the terrestrial sink is
likely to reach saturation at some point and then may decline (possibly to the point of
becoming a net source after the year 2100). Some have used these findings to suggest
that the terrestrial sink should not be considered safe for long-term carbon management.”®
Another interpretation is suggested here. Namely, if terrestrial ecosystems that absorb
excess carbon are destroyed, even this temporary uptake will not be realized, potentially
exacerbating GHG buildup. It may be misguided to develop policies that do not stabilize
threatened ecosystems that, for the next few decades and possibly even the next century,
are probable candidates for net sequestration.

Over the next few decades, it is reasonable to expect carbon uptake in tropical forests of

15-31 C tons per hectare (see table 2). This can be considered the absolute value of the
added benefit of forest versus fuels mitigation.

Table 2. Estimated cumulative carbon uptake in mature tropical forests over time.

Additional benefit:
C tons/halyear Longevity of fropical C ton uptake per

(frorm table 1) forest sink (vears}) hectare over time
0.61 25 15
0.61 50 31




Likely emission reductions from forest conservation

To gauge the relative value of this added carbon uptake in mature forests, a weighted
average of avoided emissions for forest protection is calculated. This ratio is uptake
relative to emissions, and it explains how much more valuable emission reductions from
forest conservation are, relative to equivalent reductions in fossil fuel emissions. This
value varies widely from forest to forest and will depend on the activities in any
particular forest conservation project. However, a well-constrained estimate of avoided
emissions will enable policy makers to place additional uptake in context, vis-a-vis
avoided fossil fuel emissions.

One study summarized in table 3, estimated carbon emissions per hectare for possible
tropical forest conservation projects under the Clean Development Mechanism (CDM) of
the Kyoto Protocol.?” This study found that, on average, 118 tons C/ha (weighted by area)
could be avoided under CDM projects designed to stop deforestation. This estimate
makes the assumption that total emissions (soil plus aboveground) during deforestation
equals estimated aboveground carbon. While obviously a simplification, this assumption
produces emission estimates of 1.15 Gt C per year for the “top 25” deforesting
developing nations. This agrees with the IPCC’s estimate that changes in tropical land
use (dominated by deforestation) cause approximately 1.6 +/- 0.8 G tons per year. This
study also agrees, by and large, with other published estimates.**"'
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Country

Angola
Bolivia
Brazil
Cambodia
Cameroon
CAR
Colombia
Congo (DR)
Ecuador
Indonesia
Madagascar
Malaysia
Mexico
Myanmar
Nicaragua
Nigeria
P.N. Guinea
Paraguay
Peru
Philippines
Tanzanla
Thailand
Venezuela
Viet Nam
Zambia
Total

Annual defores-
tation rate
(1,000 halyr)
237
581
2,098
164
129
128
262
740
189
1,084
130
400
508
387
151
121
133
327
217
205
323
329
503
135
264
9,745

Carbon emission
per hectare

(t C/ha)

37
115
166
111
109
100
100
172

91
131

98
116

83
116
118

25
112
100

96
112

23

93
100
131

24

Table 3. Estimated emissions from tropical deforestation for 25 countries. *

Carbon
emissions

(t Clyr)
8,650,500
66,815,000
347,575,293
18,122,000
13,996,500
12,800,000
26,200,000
127,280,000
17,199,000
142,004,000
12,740,000
46,200,000
42,333,333
44,698,500
17,742,500
2,964,500
14,896,000
32,700,000
20,832,000
22,932,000
7,267,500
30,432,500
50,300,000
17,685,000
6,204,000
1,150,570,127



Added benefit of tropical forest conservation versus equivalent fossil fuel reductions

By dividing probable sequestration of carbon in mature forests by emissions avoided, the
additional benefit of conserving forests over reducing fuel use is estimated. Protecting
tropical forests sequesters 12.9% — 25.9% more carbon for each hectare than would have
been emitted from the deforestation (table 4). Since fossil fuels are uninvolved in
maintaining a sink, reductions in fossil fuel emissions will be only about 80% as effective
as reductions achieved via forest conservation.

Table 4. The added benefit of the sink effect from conserving tropical forests.

Estimated Net carbon Carbon sequestration as
fongevity of the  uptake per Emissions avoided 3 percentage of
sink (years) hectare (tons) * per hectare (fons) *  emissions avoided (%)
25 15 118 12.9%
50 31 118 25.9%
* From table 2.

+ From table 3.

These numbers should serve as an initial estimate of the relative advantage of one form of
mitigation over another. A wide range of assumptions was used to generate this estimate,
so it should be viewed as preliminary. However, this first approximation is not
insignificant. Let’s put this number in terms that may be easier to understand. One way to
do this is to see how much economic activity could be offset if forest conservation is used
instead of fossil fuel reductions (table 5).

Table 5. The added benefit from forest conservation in terms of car pollution.

Additional tons of carbon

Tropical deforestation removed from the Equivalent  Emissions from how
stopped atmosphere value in CO, many U.S, cars?

5% 11,206,750 41,128,773 10,282,193

20% 44,827,000 164,515,090 41,128,773

This estimate is calculated using the mean value of 23 tons of carbon removed per hectare
of forest protected (the average added benefit), and assuming that average American car
produces 10,000 pounds of CO, per year, or about 4 tons. This is not the total reduction in
CO, from the atmosphere, but only the additional reduction if tropical forest conservation
replaces some sort of fossil fuel mitigation.
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Factors that May Reduce the Estimated Additional Benefit

1. The “forest die-back” argnment, or “what happens if the Amazon dries up?”

As mentioned above, one of the dynamic vegetation models produced by the Hadley
Center shows that forests in northern Amazonia may revert to a grassland-type ecosystem
in response to climate change.” Although models differ about the potential effect of
climate change on the world’s terrestrial biomes, it is possible that protected forests may
succumb to climate change stresses, die back, and release stored carbon. These
predictions have been used to justify excluding tropical forest conservation from the
Kyoto Protocol. After all, wouldn’t a massive die-back of forests reverse both the gains
from forest protection and the “bonus” sink effect and any other climate-stabilizing
benefits from forest protection?

Yes and no. First of all, the likelihood of this outcome remains highly speculative, with
only one of several major dynamic vegetation models drawing this conclusion. The
Hadley Center’s HadCM2 and HadCM3 experiments produce climate impacts on parts of
the Amazon that are relatively extreme — rises in temperatures of up to 7 degrees Celsius
and dramatic declines in rainfall. Together, these factors would almost certainly stress
tropical forests. However, these parameters are not well replicated in other models. The
Hadley model also assumed very simple rooting parameters, where depth was not
specified and water uptake was a function of estimated root carbon. In real tropical
forests, deep roots are able to access belowground water and essentially serve as misting
devices during dry seasons.” This property helps tropical forests resist drought stresses
(and fires) when these systems are most vulnerable. Omitting this important
ecophysiological parameter probably overestimates the susceptibility of tropical forests to
climate change in coming decades.* While all models have their limitations (and Hadley
Center models are probably some of the world’s finest), Hadley Center modeling
experiments have several assumptions that probably inflate the likelihood of a die-back in
the Amazon.

Additionally, policy implications drawn from these studies (namely, to exclude tropical
forest conservation from a GHG treaty) neglect the consensus that the chief threat to
tropical forest is outright clearing and attendant fragmentation. Thus, even if the Hadley
Models prove to be more correct, this is a poor argument to exclude forest conservation
from a climate change management treaty. If we are concerned about the die back of large
swaths of tropical forest, land clearing and fragmentation will be a more proximate cause
of forest loss than will be climate change. Clearing and fragmentation are more
scientifically accepted as threats to tropical forests than is climate change. These
processes have already been implicated in the loss of carbon in tropical forests.*
Additionally, deforestation is more documented in modeling studies as a cause of
increased temperatures and reductions in rainfall than is climate change per se.*

The most useful way to prevent carbon emissions from forests is to maintatn as much
peripheral natural forest as possible. This reduces carbon losses associated with edge
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