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3

 Forests have an important influence on 
the world’s climate processes – both through 
their role in the cycling of greenhouse gases 
and through the exchange of water and energy 
with the atmosphere.

 Tropical forests are particularly 
important as a carbon store, because of their 
high biomass, containing on average 50% 
more carbon than temperate forests. The 
Congo Basin’s forests are estimated to contain 
between 25-30 billion tonnes of carbon in their 
vegetation – this is equivalent to about 4 years 
of current global anthropogenic emissions of 
CO2. Over half of this carbon is stored within 
the forests of the Democratic Republic of 
Congo. 

 Conversion of tropical forests can result 
in nearly all the above ground carbon being 
released to the atmosphere, while forest 
degradation may result in 25-50% of stored 
carbon being released to the atmosphere. 
Selective logging prevails as the main ‘forest 
management’ strategy in Central Africa, 
and for this reason, forest degradation 
may be a more important source of carbon 
emissions than deforestation – one estimate 
suggests that forest degradation accounts for 
nearly double the emissions resulting from 
deforestation within the region.

 Emissions from land-use change in the 
tropics could be as high as 2.5 billion tonnes 
of carbon per year. A frequently cited figure 
is that this is equivalent to about one fifth of 
total global emissions, although the variation 
in estimates means that this could in fact be 
anywhere between one tenth and one third 
of the total. Land-use change in the Congo 
Basin is estimated to account for emissions 
of between 20 and 440 million tonnes of 
carbon per year – equivalent to 90% of all 
anthropogenic emissions from the region. 
Although this represents a relatively small 
proportion of the total emissions from tropical 
land-use change worldwide, its contribution is 
likely to increase if the wrong policy options 
are pursued.

 In the case of the Democratic Republic 
of Congo, if the entire area of 60 million 
hectares which has been suggested as being 
‘production forest’ were actually opened up 
to new industrial logging activities, it would 
potentially release an additional 3 to 6 Gt of 
carbon into the atmosphere. A further similar 
amount could be released if these logged 
forests are eventually completely cleared – the 
usual pattern following forest degradation and 
fragmentation.

 The Congo Basin’s forests also play 
a crucial role in climate processes through 
the exchange of water and energy with the 
atmosphere. There is strong evidence to 
show that deforestation affects local climate, 
causing a decline in rainfall and increase in 
temperatures. The region’s forests are also a 
major driving force of large-scale atmospheric 
circulations, and so land-use changes within 
the Congo Basin influence both regional and 
global weather patterns. Thus, deforestation 
within Central Africa could result in large-scale 
climate effects, changing temperatures, the 
distribution of rainfall and climate variability in 
distant parts of the world.

 Such evidence raises the stakes in terms 
of the need to protect the forests of the Congo 
Basin. The use of carbon financing has great 
potential as a means to fund such efforts, 
although the development of an effective 
and equitable system will require further 
investigation and negotiations. Any such 
mechanisms depend on the establishment of 
good forest governance and the resolution of 
land tenure and resource rights, and so these 
issues must be the priority in the immediate-
term. 

EXECUTIVE SUMMARY
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Until recently, much of the debate and concern 
surrounding the loss of tropical forests has 
focused on the loss of biodiversity, and to a 
lesser extent, the loss of resources on which 
forest-based peoples depend. More recently, 
the potential impacts on climate and weather 
have been highlighted, in part reflecting 
growing evidence of the onset of the effects 
of global warming. These discussions have 
mainly been concerned with the role of forests 
as sinks and sources of carbon. However, this 
is not the whole picture. Forests also influence 
climate through their physical characteristics, 
influencing the transfer of water and energy to 
the atmosphere.  

This report presents current evidence for 
the role of tropical forests, and in particular, 
those of the Congo Basin, in local, regional 
and global climate processes. Firstly, data on 
their significance as both a sink and source 
of greenhouse gases is presented. This is 
followed by a review of research into the role 
of this region’s forests in weather patterns 
through their influence on atmospheric 
circulations. Finally, the significance of these 
findings for forest policy within the region 
and internationally is considered, focusing 
in particular on recent proposals to develop 
mechanisms to promote forest conservation 
within the international climate regime. 

In the tropics, depletion of forest resources 
and land-cover change have been the primary 
source of carbon emissions. These phenomena 
are estimated to be releasing about 1.6 (0.8-
2.4) Gt C/yr.1,  most of which is attributable to 
deforestation and degradation. By comparison, 
fossil fuel emissions are about four times 
this level, at 6.3 Gt C/yr. (Chomitz, 2006). 
These figures not only highlight the crucial 
role of forests in the carbon cycle, but also 
the shortcomings in our understanding of 
it, apparent from the wide range of possible 
values for emissions from land-use change. 

BACKGROUND
Forests play an important role in the cycling 
of greenhouse gases, acting as both a sink 
and source of these gases. In discussions of 
global warming, most discussion is focussed on 
the role of carbon dioxide (CO2), and indeed 
this is the most important of the greenhouse 
gases, having contributed some 58% of the 
greenhouse effect up to 2000 (Houghton, 
2005a). However, there are in fact a number 
of greenhouse gases, and forests play a role 
in the cycling of a number of these. The most 
important after CO2 are methane (CH4) and 
nitrous oxide (N2O), which contributed 21% 
and 6% of the greenhouse effect respectively 
until 2000 (Houghton, 2005a).2  However, most 
assessments of the role of forests on climate 
change only consider CO2 emissions, and in 
fact, there are no reliable global estimates of 
emissions of either CH4 or N2O from land-use 
change (Baumert et al., 2005). Since there is 
little information available on the importance 
of other greenhouse gases, this report will 
only focus on the carbon cycle. However, it 
should be noted that emissions of these other 
gases are significant, one estimate suggesting 
that they could add up to 15% to the impact 
of forests on climate change (Fearnside & 
Laurance, 2004).

Forests influence the carbon cycle through 
their ability to store carbon and exchange 
it with the atmosphere. Plants absorb CO2 

INTRODUCTION FORESTS & GREENHOUSE 
GASES

1 1 Gt = 1 billion tonnes / 1 x 109 tonnes
2 The Kyoto Protocol is concerned with 6 greenhouse gases: Carbon dioxide (CO2), Methane (CH4), Nitrous oxide (N2O), Hydrofluorocarbons 
(HFCs), Perfluorocarbons (PFCs), Sulphur hexafluoride (SF6) 
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through photosynthesis, and some is released 
through respiration or the decomposition of 
dead vegetation, while the remainder is stored 
in biomass, necromass and the soil (Locatelli 
& Karsenty, 2004). Therefore, forests act as a 
reservoir (storing carbon), a sink (absorbing 
carbon) and also as a source of carbon. 

Calculating the carbon stored in forests and 
also the flux of carbon between the forests and 
atmosphere is extremely challenging. This is 
because of the lack of data on: the biomass 
values of forests, and thus the amount of 
carbon stored in forests; the extent and 
quality of the world’s forests; and rates of 
deforestation and forest degradation (Achard 
et al., 2004; Palm et al., 2005; Zhang & 
Justice, 2001). Consequently, there remains 
considerable uncertainty among researchers as 
to the magnitude of these emissions.

Some figures have been placed on the level 
of uncertainty over the figures, illustrating 
the difficulties of budgeting within the carbon 
system. Houghton (2005b) suggested that 
there is 50% uncertainty in biomass values 
for the tropics, and that this translates 
into an uncertainty level of 80% for carbon 
flux estimates. Baumert et al. (2005) also 
highlighted the uncertainties of estimates 
of carbon emissions, suggesting that at the 
national level, the degree of uncertainty could 
be as high as 150%. Indeed, according to the 
IPCC’s (Intergovernmental Panel on Climate 
Change) estimates, there is a gap in the global 
carbon budget, with a missing carbon sink of 
between 2-4 Gt C/yr. (Achard et al., 2004). 
While there is debate over this figure, this does 
illustrate our limited understanding of the land-
atmosphere flux and the global carbon cycle.

FORESTS AS A RESERVOIR OF CARBON
Tropical forests are important reservoirs of 
carbon. Of the total carbon pool found in the 
terrestrial biosphere (which is an estimated 
2480 Gt), about 17% is contained in tropical 
forests - 45% (212Gt) of which is found in 

vegetation and 11% (221Gt) in soils (Locatelli 
& Karsenty, 2004). 

The importance of tropical forests as a 
carbon store lies in their high biomass. 
Dense lowland forests contain significantly 
higher biomass, and thus, carbon than other 
types of vegetation and even other types of 
forests – for example, they are estimated to 
contain 50% more carbon per unit area than 
temperate and boreal forests, and as much as 
20-50 times more carbon than cleared lands 
(Houghton, 2005a).

The highest estimate for the biomass density 
of tropical rainforests is 500 t/ha. (cited in 
Gaston et al., 1998), although more typical 
values are between 100-400 t. The biomass of 
Central African forests is estimated to range 
between 200-344 t/ha. by Gaston et al. (1998) 
and between 125-281 t/ha. by FAO (1993). 
Brown & Gaston (1996) gave an average 
figure for the above-ground biomass in tropical 
African closed forests of 209 t/ha., while a 
figure of 250 t/ha. for the biomass (above and 
below-ground) of tropical forests was reported 
by Watson et al. (2000, citing Dixon et al., 
1994)3. 

Translating these figures into the amount 
of carbon stored in forests depends on the 
estimates used for forest area as well as 
assumptions made about the distribution of 
different forest types. As the figures above 
illustrate, the biomass of forests varies 
considerably and its distribution within the 
tropics is particularly poorly known making it 
difficult to extrapolate over large areas and to 
produce average densities (Houghton, 2005a; 
2005b; Locatelli & Karsenty, 2004). Estimates 
of the extent of forest are also uncertain. Many 
authors have used FAO’s estimates for forest 
area, although these are known to be highly 
unreliable (Hoare, 2005), and the IPCC has 
noted that deforestation rates for the tropics 
could be in error by as much as 50% (cited in 
Achard et al., 2002).

3 By comparison, this latter figure was 150 t/ha. for temperate forests, while average values for the above-ground biomass of temperate and boreal 
forests were reported to range from 20-140 t/ha. These figures do not include below-ground carbon, which is considerable for boreal forests.
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Reflecting this uncertainty in the data, there 
is a wide range in estimates for the size of the 
carbon pool within tropical forests. However, 
the available figures do give some indication of 
the significance of tropical forests and of those 
of Central Africa in particular. 

For Central Africa4, the above-ground carbon 
stock of forests was estimated to be 28.92 Gt 
in 1980 and 24.79 Gt in 1990 (+/- 25% for 
both figures)  (Justice et al., 2001; Zhang & 
Justice, 2001). Gaston et al. (1998) estimated 
the above and below-ground carbon stock for 
Central Africa’s forests in 1980 to be 30.7Gt, 
calculating that this represented over 70% 
of the total terrestrial carbon pool of Africa. 
Most recently, FAO (2006) estimated that the 
forests of central Africa contained 29.5 Gt of 
above-ground carbon and 39.2 Gt of carbon in 
total (including both above and below ground 
carbon, dead-wood and litter)5.  

Within Central Africa, the Democratic Republic 
of Congo (DRC) contains by far the greatest 
biomass because of the country’s extensive 
forest resources. Gaston et al. (1998) 
estimated the carbon pool of DRC to be 16.9 
Gt in 1980, equivalent to 55% of the regional 
total, or one third of the total carbon pool 
of tropical Africa. Zhang & Justice (2001) 
produced a similar figure, estimating that DRC 
accounted for 59% of the total for Central 
Africa in 1980, while FAO’s figure was slightly 
higher, at 63% (FAO, 2006).

To put these figures in some perspective, 
the carbon stored in Central Africa’s forests 
is equivalent to about 4 years of total global 
emissions of CO2 based on current estimates. 
This brings us to the issue of carbon flux, and 
the role of forests as a source of carbon. 

FORESTS & CARBON FLUX
Globally, the biosphere is currently a sink 
of carbon. Of the 7-8 Gt of carbon emitted 
each year from anthropogenic sources, about 
one third is taken up by forests (Locatelli 

& Karsenty, 2004). However, in the tropics, 
due to the high rates of deforestation and 
degradation, forests are a net source of 
carbon. Indeed, if current trends continue, it 
is estimated that these land-cover changes 
will contribute about 50% as much carbon as 
has been emitted from fossil fuel combustion 
since the start of the industrial revolution 
(Houghton, 2005a).

However, as mentioned above, there remains 
considerable uncertainty about the flux of 
carbon between the biosphere and atmosphere 
because of shortcomings in the basic data: 
namely biomass values, forest area and rates 
of deforestation and degradation. 

It is not only the rates of deforestation, but 
also its distribution that is poorly understood 
in many regions. The types of forests that are 
being cleared will affect the levels of carbon 
emissions. For example, deforestation tends 
to occur primarily in forests of lower density.
Indeed, in the 1990s in Amazonia, more than 
half the forest clearing was of forests of lower 
biomass (Achard et al., 2004). Furthermore, 
the rate of change between different types of 
vegetation or land-use is difficult to determine. 
For example, land-use change is often 
characterised by relatively small changes, 
for example, through the fragmentation of 
forests, although this may eventually result 
in complete conversion to agricultural land 
(Houghton & Hackler, 2006). 

The level of forest degradation is an issue 
of much debate. For example, estimates of 
forest area based on satellite imagery often 
underestimate forest degradation, because 
small-scale clearings, such as those resulting 
from selective logging, are not detected 
(Achard et al., 2004). In Central Africa, forest 
degradation is highly significant, because of 
the prevalence of selective logging here – it 
has been estimated that 30% of the region’s 
forests have already been selectively logged 
(Laporte et al., 2004).

4 Defined by these authors as the 6 countries of the Congo Basin: Cameroon, Central African Republic, Congo-Brazzaville, Democratic Republic of 
Congo, Equatorial Guinea, Gabon.
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Uncertainty over estimates also reflects 
the difficulties of modelling an evolving and 
responsive system. For example, in estimating 
carbon fluxes, there is a need to track the 
carbon beyond the initial deforestation, 
accounting for the use of the wood products 
extracted and the subsequent changes in 
vegetation – for example, whether it is 
converted to agriculture or reforested. There 
is also uncertainty as to how forests will 
respond to climate change as a result of 
the greenhouse effect – for example, this 
could result in forest deterioration if there is 
a decline in rainfall, so releasing additional 
carbon, or an increase in temperatures 
could stimulate photosynthesis and forest 
productivity, enhancing the role of forests as 
a carbon sink (Cramer et al., 2004; Locatelli 
& Karsenty, 2004). However, more complex 
models are constantly being developed to 
allow for different outcomes and feedback 
phenomena.

CHANGES IN BIOMASS
The amount of carbon that is released as 
a result of deforestation will depend on 
the rate at which this occurs, and also on 
the subsequent land-use. For example, if 
deforested land is reforested, then a significant 
proportion of the carbon initially released 
could be reabsorbed. However, if the land is 
converted to pasture or permanent agriculture, 
the net loss of carbon will be greater. In Sub-
Saharan Africa it was estimated that during the 
1990s only 16% of the change in forest area 
was accounted for by conversion to permanent 
agriculture, while the remaining area was 
converted to long and short-term fallows as 
well as being subject to forest degradation 
and fragmentation, for example, as a result 
of logging, grazing and fuel-wood harvesting 
(Houghton & Hackler, 2006).

One factor influencing the rate of land-use 
change is the intensity of logging activities, 
for example, whether there is clear-felling 
or selective logging. As mentioned above, 

selective logging prevails in Central Africa, and 
for this reason, forest degradation is thought 
by some researchers to be a more important 
source of carbon emissions than deforestation 
for this region. For example, Gaston et al. 
(1998) estimates that degradation and 
deforestation accounted for 63% and 37% of 
emissions respectively from Central Africa in 
the 1980s (see table 1). 

Some studies have been undertaken in 
Congo-Brazzaville to assess the amount 
of carbon emitted as a result of selective 
logging, these calculating that 9-10 t C are 
released per hectare (Brown et al., 2005; 
Parveen et al., 2005). This is relatively low, 
given that the dense forests of the region 
typically contain over 250 t C / ha., but it 
needs to be borne in mind when modelling 
future scenarios that selective logging is 
often the first stage in a process of forest 
degradation and deforestation. In addition, 
there is evidence from research in Amazonia 
that forest fragmentation can in itself have a 
dramatic impact on biomass levels, because of 
the ecological changes that are brought about 
in the forest, in particular, with an increase in 
tree mortality. Laurence et al. (1997) found 
that, as a conservative estimate, 36% of the 
biomass was lost within 100m of forest edges. 

As highlighted above, forest fragmentation is 
an important phenomenon in Central Africa, 
and could become even more widespread, 
depending on the policy options that are 
pursued in the near future, especially in DRC. 
In addition to the area of forest already being 
selectively logged, the network of logging 
roads is becoming ever more extensive. 
Satellite imagery from 1999-2001 showed 
that just one third of the region’s forests were 
low access (that is those forest areas of at 
least 100,000 hectares and at least 2 km from 
public roads), and of this area, nearly 60% was 
within 10km of a logging road (Minnemeyer, 
2002). 

The carbon flux resulting from deforestation 

5 Although comparison of these estimates would suggest that there has been an increase in the size of the carbon pool in Central Africa over the 
last two decades, this does not represent reality since the region has experienced extensive forest degradation and deforestation. Rather, this 
represents the uncertainty of these estimates, as noted earlier, based as they are on very different estimates of forest biomass and forest area.
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will depend on the subsequent vegetation, 
and some estimates have been made of the 
carbon lost as a result of conversion of tropical 
forest to other land-uses. Houghton (2005a) 
estimated the percentage of carbon stocks 
lost from tropical forests, from both soils and 
vegetation (table 2).  

Palm et al. (2005), from research undertaken 
in Cameroon, sought to take into account the 
change in carbon levels over time, calculating 
the above-ground carbon storage of different 
land-use systems during a full agricultural 

rotation. On this basis, the loss of carbon 
resulting from conversion of logged over forest 
was estimated (see table 3) (Palm et al., 
2005).

These data highlight the significant loss of 
carbon that can result from the conversion 
of forests to other land-uses, with 90-100% 
being lost from above-ground carbon for 
certain agricultural systems. Also apparent 
is that some land-use systems have a less 
drastic effect – including long rotation shifting 
cultivation and agroforestry systems. 

COUNTRY TOTAL REDUCTION IN C POOL DEFORESTATION DEGRADATION

CAR 348  80 (23%) 268 (77%)

Congo-B 320  14 (4%) 306 (96%)

Cameroon 416 123 (30%) 294 (70%)

DRC  2501 827 (33%) 1674 (67%)

Eq. Guinea 45 11 (24%) 34 (76%)

Gabon 803 606 (76%) 196 (24%)

TOTAL 4433  1661 (37%) 2772 (63%)

TABLE 1: Estimated decline in the above-ground carbon pool in Central Africa in the 1980s (million 
tonnes/decade). (Source: Gaston et al., 1998.)

LAND USE CARBON LOST TO THE ATMOSPHERE AS % OF INITIAL CARBON STOCKS

 VEGETATION SOIL

Cultivated land 90-100 25

Pasture 90-100 12

Degraded cropland pasture 60-90 12-25 

Shifting cultivation  60 10

Degraded forests 25-50 <10

Logging 10-50 <10

Plantations 30-50 <10

TABLE 2: Carbon lost by conversion of tropical forest to various land-uses. (Source: Houghton, 2005a)
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CARBON-FLUX ESTIMATES
Although there are wide variations in the 
estimates, it is apparent that deforestation and 
degradation is a significant source of carbon 
emissions. Indeed, land-use changes are the 
largest source of emissions in developing 
countries, accounting for about one third of 
their total emissions. 

A widely quoted figure is that about one 
fifth of global anthropogenic CO2 emissions, 
estimated at 7-8 Gt C / yr., come from tropical 
deforestation (Chomitz, 2006; Stern, 2006). 
These figures are based on IPCC’s estimate of 
CO2 emissions for the 1990s, put at 1.6Gt C 
(+/- 0.8). However, if the full range of possible 
values is considered, these emissions could 
account for as little as one tenth or as much 
as one third of all anthropogenic emissions 
(Baumert et al., 2005; Fearnside & Laurance, 
2004).

The reported values for emissions from land-
use change in the tropics largely fall within 
those given by the IPCC, ranging from 0.5 to 
2.5Gt C / yr. in the 1990s (Achard et al., 2004; 
DeFries et al., 2002; Fearnside & Laurance, 
2004; Palm et al., 2005). For tropical Africa, 
the range of estimates for the 1990’s is 0.12 to 

0.42 Gt/yr. (UNFCCC, 2006a). Some of these 
estimates are shown in table 4 below. 

An important factor accounting for the wide-
divergence in these estimates was the figures 
used for forest area. For example, both 
Achard et al. (2004) and Defries et al. (2002) 
assumed a much lower rate of deforestation 
than the other three studies listed, based 
on their assessment of satellite data. Both 
these studies are also considered to have 
underestimated the level of forest degradation 
(UNFCCC, 2006a). Fearnside & Laurance 
(2004) suggest that Achard et al. (2004) 
may in fact have underestimated carbon 
emissions from forests by a factor of two, 
certainly for the Amazon and possibly in other 
tropical regions. They question these figures 
partly on the basis of the estimates used for 
forest degradation and biomass and their 
assumptions regarding forest re-growth. 

Estimates for Sub-Saharan Africa also show 
a wide range in values. Achard et al. (2004) 
gave a figure of 0.157 Gt C / yr. for emissions 
from this region, while Brown et al. (1989, 
cited in Houghton & Hackler, 2006) gave a very 
high estimate of 0.47 Gt C / yr. The estimate 
of Houghton & Hackler (2006) is in between 

LAND-USE CARBON STORAGE  CARBON LOST ON CONVERSION 
  FROM LOGGED FOREST TO ALTERNATIVE
 (T C/HA.) LAND-USE (T C/HA.)

Logged forest 228 -

Shifting cultivation (long fallow) 77 151

Jungle cacao (permanent) 89 139

Jungle cacao (rotational) 61 167

Oil palm 36 192

Crop-bush fallow 38 190

Crop-Chromalaena fallow 6 222

TABLE 3: Above-ground time-average carbon storage of land-use systems in Cameroon. (Source: Palm 
et al., 2005)
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these two, at 0.29 Gt, but they also state that 
the margin of error for this figure is +/-70%. 

For Central Africa, estimates for emissions 
from land-use change are only available for the 
1980s, and these range from 0.02 - 0.44 Gt 
/ yr. (BSP, 1992; Gaston et al., 1998; Zhang 
& Justice, 2001). The highest figure, of 0.44 
Gt is from the calculations of Gaston et al. 
(1998; & see table 1 above). These figures 
represent about 90% of all anthropogenic 
carbon emissions from within Central Africa 
(i.e. considering fossil fuel combustion and 
other sources) and 20% of the total emissions 
from tropical Africa (BSP, 1992).

All these studies show that DRC is by far the 
most significant source of carbon emissions 
from land-use change – a consequence of 
the vast areas of dense forest to be found 
within this country. Thus, Gaston et al. (1998) 
calculated that DRC accounted for 56% of the 
total for Central Africa (0.25 Gt), while Zhang 
& Justice (2001) estimated this to be 47% (0.2 
Gt). 

IN SUMMARY
Regardless of the uncertainties in the data, it 
is undoubted that continued deforestation will 
play a large role in the build-up of greenhouse 
gases in the atmosphere (Cramer et al., 
2004). If current trends continue, tropical 
deforestation will contribute 3 billion tonnes 

of carbon each year (Chomitz, 2006), with 
emissions from deforestation from throughout 
the world expected to total 40 billion tonnes 
of carbon between 2008-2012. This alone will 
raise atmospheric CO2 levels by about 2 ppm 
– greater than the cumulative total of aviation 
emissions since the invention of aeroplanes 
(Stern, 2006).

Until recently, the Congo Basin forests have 
contributed a relatively small amount to 
the total emissions from land-use change, 
accounting for about 4% of all such emissions 
from the tropics in the 1980s. However, this 
figure is likely to grow if the wrong policy 
options are pursued in the coming months and 
years.

 Fearnside  Malhi & Grace Houghton DeFries et al.  Achard et al.  
 (2000) (2000) (2003b) (2002) (2004) 

Period 1981-1990 1980-1995 1990s 1990s 1990s

Africa 0.42 0.36 0.35 0.12 0.157

Total of regional estimates  2 2.4 2.2 0.91 0.98
for the African, Asian and 
American tropics 

TABLE 4: Estimates of carbon loss from African tropical forests to the atmosphere attributed to 
deforestation. (Gt C / yr) (Source: UNFCC, 2006a)
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The role of forests in influencing local climate 
is well documented. Studies from many 
parts of the world show that forests affect 
cloud formation, rainfall and temperature. In 
recent years, the evidence has been growing 
that forests also have an impact on global 
climate processes, and that tropical forests 
in particular play a crucial role. Studies of 
the hydrological cycle, energy budget and 
atmospheric circulation indicate that tropical 
deforestation could have large-scale climatic 
effects (Shem & Dickinson, 2006).

Much of this evidence comes from research in 
Amazonia, where the majority of work in this 
field has been undertaken. In contrast, there 
remains a lack of understanding of the climate 
of Central Africa, reflecting both the absence 
of long-term data and the limited research 
facilities for this region (Todd & Washington, 
2004). This gap is beginning to be filled, and 
the existing research indicates that the forests 
of Central Africa play an important role not 
only in the local climate, but also that of Africa 
and other parts of the world.

HOW FORESTS AFFECT CLIMATE
Forests influence weather systems through 
the exchange of water and heat with the 
atmosphere.  Forests tend to absorb solar 
energy (i.e. they have a low albedo or 
reflectivity). They also have a high leaf 
area index, and due to both these features, 
the rate of evapotranspiration is very high, 
comparable to the evaporation rate from the 
oceans. In addition, the surface of forests 
is aerodynamically rough, increasing air 
turbulence. In contrast, deforested areas 
tend to have a higher albedo, reflecting more 
solar energy. They also have lower surface 
roughness and leaf area index, and the 
moisture storage capacity of the ground is less 
(Mahé et al., 2005; Maynard & Royer, 2004). 
Consequently, changes in land-cover alter 
the cycling of energy and moisture within the 
atmosphere, affecting local air temperatures, 

humidity, as well as atmospheric circulation 
patterns. 

The role of forests on climate have been 
studied using several approaches, including 
global climate modelling, regional climate 
modelling, theoretical approaches and also 
field observations and historical records 
(Berbet & Costa, 2003). Much of the research 
is based on modelling, and it should be noted 
that, because of the limitations of technology 
and computer power, relatively simple 
scenarios have had to be used, particularly 
in earlier studies (Nasi, 2005). For example, 
many models assume complete deforestation, 
whereas in reality, the process of deforestation 
may be a gradual one, forests undergoing 
gradual degradation and fragmentation and 
often being replaced by mosaics of vegetation. 
Furthermore, sea-surface temperatures 
(SST) and the effect of the El Niño-Southern 
Oscillation (ENSO) are often not included, 
both of which have a major impact on global 
and African climates (Hulme et al., 2001). 
However, even these relatively simple models 
are important in giving an indication of the 
processes at work and possible outcomes 
of land-use change. Furthermore, the 
models are becoming more sophisticated, 
for example, taking into consideration the 
evolution of vegetation types, and allowing for 
incorporation of various feedbacks between 
global warming and vegetation. 

THE EVIDENCE 
There is a large body of evidence to 
indicate that deforestation has a significant 
impact on local rainfall and temperature. 
In Amazonia, where much of this work has 
been undertaken, modelling experiments 
indicate that deforestation would result in an 
increase in local surface air temperatures, 
with figures of up to 5°c being suggested if 
there was complete deforestation (Dickinson 
& Henderson-Sellers, 1998, cited in Snyder 
et al., 2004b). Most research suggests 

FORESTS & WEATHER 
SYSTEMS
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that there would be a reduction in local 
evapotranspiration and rainfall (Costa & 
Foley, 2000; Mahé et al., 2005; Voldoire & 
Royer, 2004), although some studies indicate 
that if there is only small-scale or sporadic 
deforestation, then local rainfall could be 
increased (Berbet & Costa, 2003; Snyder et 
al., 2004b). 

A number of studies have modelled the impact 
of complete deforestation in tropical Africa, 
and these all predict that this would result in 
a decline in rainfall and increase in surface 
temperatures within the affected region 
(Avissar & Werth, 2005; Maynard & Royer, 
2004). Semazzi & Song (2001) suggest that 
during the dry season, when the effect would 
be severest, rainfall could decline by up to 
3mm per day. Snyder et al. (2004b) reported 
similar findings, calculating that seasonal 
rainfall would decline by up to 3.2 mm per day, 
equivalent to a reduction of 47%. 

Models of the impact of deforestation within 
Central Africa also suggest that there would be 
a decline in local rainfall (Shem & Dickinson, 
2006). Baidya Roy et al. (2005) modelled the 
effects of complete deforestation in Gabon 
and Congo-Brazzaville, suggesting that this 
would result in a substantial reduction in 
rainfall during the wet season, of over 10% in 
some regions. Furthermore, they concluded 
that extensive logging could result in a shift in 
vegetation distribution because of the resulting 
decline in rainfall.

Changes in rainfall may be due to the impact 
of deforestation on mesoscale circulations 
within the atmosphere, as these strongly 
influence the transport of heat and moisture, 
and thus, cloud formation. Evidence for this 
has been found from observations of cloud 
patterns over deforested areas (Baidya 
Roy & Avissar, 2002; Chagnon et al., 2004; 
Lawton et al., 2001). Forest fragmentation 
may also influence rainfall patterns, because 
of its impact on convective flows and the 
hydrological cycle (Marland et al., 2003). In 

fact, edge effects may exacerbate changes in 
hydrology, for example, with drying of the soil. 
Therefore, fragmentation can have a greater 
impact than would perhaps be assumed from 
considering only the area of deforestation. 
For example, research in Amazonia found that 
a decline in forest cover of 17% had had a 
significant impact on regional rainfall regimes 
(Baidya Roy & Walsh, 2005).

In Central Africa it is thought that deforestation 
would have a particularly strong effect on local 
rainfall. This is because a large part of the 
rainfall in this region comes from the recycling 
of moisture by the forest, whereas in other 
monsoon regions most rainfall comes from 
water vapour accumulated from the oceans 
(Cadet & Nnoli, 1987; Monteny, 1987). One 
report estimates that as much as 75-95% of 
rainfall is recycled within the Congo Basin, 
while in Amazonia, this figure was put at 
50% (Job, 1994, citing Brinkman, 1983). In 
particular, Cadet & Nnoli (1987) suggest that 
a significant source of rainfall in Central Africa 
is evapotranspiration of moisture in the coastal 
areas of the Gulf of Guinea. 

The same is thought to be true in West Africa. 
Here, one estimate suggests that the tropical 
rainforests of the southern Ivory Coast inject 
water into the atmosphere equivalent to 55-
75% of the annual precipitation in the region 
(Brou Yao, 1997 cited in Mahé et al., 2005). 
Indeed, deforestation in West Africa is thought 
to have been a major factor accounting for the 
decline in rainfall in the region in the last few 
decades, because of its impact on the monsoon 
circulation, as considered further below (Zheng 
& Eltahir, 1998). 

REGIONAL AND GLOBAL EFFECTS
There is growing evidence that deforestation 
in tropical areas impacts on weather systems 
both regionally and globally. The tropics are 
thought to have a major influence on global 
weather systems because of their important 
role in the exchange of water and energy 

6 Teleconnections are linkages between changes in atmospheric circulation occurring in widely separated parts of the globe.
7 The Hadley circulation dominates the tropical atmosphere, and is intimately related to the trade winds, tropical rainbelts, subtropical deserts and 
the jet streams. Within this circulation air rises near the equator, flows towards the pole some 10-15 km above the earth’s suface, (cont. next page) 



13

with the atmosphere and on atmospheric 
circulation patterns. Therefore, the impact of 
deforestation in this region is thought to be 
especially strong.

There remains considerable uncertainty as 
to the scale of such impacts. However, if the 
worst case scenarios prove true, then land-
cover change in tropical regions could have 
devastating consequences for water resources, 
agriculture and other activities in various parts 
of the world (Avissar & Werth, 2005: 144-5). 

Tropical land-use change is thought to affect 
the global climate through teleconnections6.  
This influence may be especially strong for 
tropical forests because the tropical forest 
regions are where the major deep convection 
systems are located (Shem & Dickinson, 
2006; Todd & Washington, 2004). Through 
these systems, large amounts of moisture 
are transferred into the atmosphere from the 
transpiration and evaporation of water from 
the forest canopy and soil. This moisture is 
transported to higher levels in the atmosphere, 
and is redistributed to other tropical regions as 
well as to regions outside the tropics through 
the Hadley and Walker circulations7 and forcing 
of the Rossby wave8. 

The Congo Basin is the third largest region 
of deep convection. As such, it is not only 
responsible for the majority of rainfall in 
tropical Africa (Mahé et al., 2005), but is 
also a major driving force of large-scale 
atmospheric circulation (Chase et al., 2000; 
Snyder et al., 2004a). Therefore, deforestation 
in this region could disturb global circulation 
patterns through changing the distribution and 
intensity of the convection system (Feddema 
et al., 2005; Marland et al., 2003; Maynard & 
Royer, 2004; Pielke et al., 2002; Snyder et al., 
2004a).

A further reason why changes in land-cover 
in the tropics could have a significant impact 
on the climate is that horizontal temperature 
gradients are weak in this zone. This means 

that the atmosphere is sensitive to any 
changes in the distribution and intensity 
of heat sources and sinks. Therefore, any 
changes of surface condition in the tropics 
(such as those resulting from deforestation) 
will have a strong influence on vertical 
advection, with repercussions on circulation 
systems such as those of Hadley and Walker 
(Mahé et al., 2005). 

Circulation of the monsoons could also be 
affected, since these are partly driven by 
the contrast between the land and oceans. 
Dense forests have high heat flows, because 
of their low albedo and high surface humidity. 
Deforestation lessens the contrast between 
the land and oceans, and so could disrupt the 
monsoons (Mahé et al., 2005; Zheng & Eltahir, 
1998). 

As a result of these processes, it has been 
hypothesised that continued deforestation 
in Central Africa could significantly affect 
the regional moisture balance, leading to 
irreversible regional climatic changes and 
also affecting global rainfall patterns. For 
example, research has indicated that Central 
Africa is a major source of moisture for West 
Africa (Cadet & Nnoli. 1987), with one study 
estimating that 17% of the latter region’s 
rainfall comes from evapotranspiration in 
Central Africa (Gong & Eltahir, 1996). 

Modelling of the changes induced by tropical 
deforestation either within Central Africa or the 
tropics as a whole gives some indication of the 
possible impact on the global climate, although 
there is some variation in the researchers’ 
findings. Chase et al. (2000) investigated the 
possible role that existing vegetation change 
has played on the climate, by comparing model 
scenarios of current observed vegetation, 
with that of a simulated ‘natural’ land cover. 
Their findings suggest that deforestation 
in the tropics has increased temperatures 
globally and in many higher latitude regions, 
in particular over North America, southern 
Asia and central Europe, changes that could be 

(from previous page) before descending in the subtropics, and flowing back towards the equator (the trade winds) near the surface. The Walker 
circulation lies over the Pacific Ocean - air rises over the Western Pacific and descends over the Eastern Pacific. It is an important element of the El 
Nino Southern Oscillation (ENSO).
8  Rossby waves are large-scale motions in the atmosphere.
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explained by the impact of land-cover change 
on large-scale atmospheric circulations. 
Based on models of future tropical 
deforestation, Avissar & Werth (2005) found 
that this would significantly reduce rainfall 
throughout the equatorial region. Voldoire & 
Royer (2004) predict that complete tropical 
deforestation would result in a decline in global 
rainfall. In addition, while there would be 
little effect on the mean global temperature, 
their research suggests that there would 
be an increase in the day-to-day variability 
with more extreme minimum and maximum 
temperatures. They also found that there 
would be greater variability between years, 
with extreme conditions becoming more 
frequent. Such changes in the variability of the 
climate could be more significant than changes 
in mean climate, since they would have a 
greater impact on agriculture and ecologically, 
while an increased occurrence of extreme 
weather could have potentially devastating 
consequences for people. For example, the 
daily maximum and minimum temperature 
are an important determinant of species 
distribution and the viability of different 
agricultural systems (Voldoire & Royer, 2004).

Semazzi & Song (2001) used a model based on 
the total clearing of African tropical rainforests, 
and predicted a decline in rainfall over Eastern 
and Western Africa, but an increase in other 
regions, including over southern DRC and 
southern Africa. They also estimated that there 
would be an increase in surface temperature 
of up to 2.5° C and of ground temperature 
of 5° C in deforested areas. In another such 
study, Avissar & Werth (2005) predicted that 
although deforestation in Central Africa would 
not affect the total amount of global rainfall, 
its distribution would be affected. Thus, they 
estimated that there could be reductions in 
rainfall of 5-15% in north America, and up 
to 25% over Ukraine and Russia, while there 
would be increases of up to 30% in the Arabian 
Peninsula and East Africa.

RELATIVE IMPORTANCE OF GREENHOUSE 
GAS EFFECTS AND LAND-USE CHANGE 
Palaeoclimatic evidence and modelling of the 
climate both indicate that land-cover has a 
major role in climate. However, there remains 
uncertainty as to its relative importance 
compared with the impact of increases in the 
concentration of atmospheric greenhouse 
gases. Recent studies do suggest that at a 
global scale the latter may be more important 
than land cover change (Mahé et al., 2005). 
However, that is not to say that the impact 
of deforestation can be ignored, since its 
impact at the local and regional level may be 
significant, and it is changes at this scale that 
are of most concern to people, for example, 
through its impact on agriculture. 

Additional modelling is needed at this scale 
to predict likely scenarios. For example, it 
has been suggested that in Africa, the effects 
of deforestation and global warming could 
be counteractive in relation to their effect on 
rainfall. Thus, deforestation is likely to reduce 
rainfall while global warming is predicted to 
increase this. However, these two factors are 
both likely to enhance temperatures, and so 
the effect of each will be exacerbated (Maynard 
& Royer, 2004). These researchers conclude 
that more detailed modelling is required to 
determine the interaction of these phenomena 
and thus, the direction and magnitude of any 
such changes. 
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The research presented in this report 
demonstrates that the forests of the Congo 
Basin play a crucial role in maintaining the 
local, regional and global climate. This is 
because of their role in the carbon cycle – the 
region’s forests are a sink of an estimated 
24-39 Gt of carbon, and current deforestation 
rates are estimated to be releasing 0.02-
0.44 Gt of carbon per annum. Furthermore, 
they are an important driver of atmospheric 
circulations, the exchange of energy and 
water between the forests and atmosphere 
influencing regional and global weather 
systems.  

The potentially grave consequences of climate 
change raise the stakes in terms of forest 
conservation. The question now is what 
policy measures could be used to reduce 
deforestation and thus limit the impact of 
land-use change on the global climate. In 
recent years, this has been addressed within 
the context of the international climate regime, 
where the potential of using carbon financing 
mechanisms as an incentive to reduce 
deforestation is being discussed. It has been 
proposed that such an approach would not 
only provide substantial sources of funds for 
forest conservation but could also provide a 
relatively cheap means of reducing greenhouse 
gas emissions. 

CURRENT POLICY SITUATION
The most direct means of reducing carbon 
emissions from the Congo Basin’s forests 
would be through reform of the regulatory 
framework – in all countries of the region, 
current policies strongly favour industrial 
forest exploitation. In the case of DRC, up to 
60 million hectares of forest could be opened 
up to mostly new industrial logging activities9,  
potentially releasing an additional 3 to 6 Gt C 
into the atmosphere over the period in which 
the forest was logged10.  A further similar 
amount could be released if these logged 
forests are eventually completely cleared – the 

usual pattern following forest degradation and 
fragmentation. 

Clearly, any developments which increase 
the area under industrial logging are likely 
to run counter to global efforts to prevent 
climate change. However, the political reality 
in countries such as DRC is that expectations 
of increased wealth from forest exploitation 
have already been raised – and so there will be 
pressure for these short-term financial gains 
to be realised. Therefore, the question arises 
of what other policy and financial mechanisms 
would be needed to accompany any 
restrictions on industrial forest exploitation. 

Under the current climate change regime, 
there is no incentive for developing 
countries to reduce their own emissions 
from deforestation (or any other source), 
since under the Kyoto Protocol no national 
baselines have been set for these countries. 
Furthermore, the mechanisms by which 
developed countries can support measures 
to reduce or avoid emissions in the forestry 
sector of developing countries are extremely 
limited. 

Within the Kyoto Protocol, Annex 1 (developed) 
countries can obtain carbon credits by 
investing in energy and forestry projects. This 
can be done through the Joint Implementation 
(JI) mechanism for projects within Annex 
1 countries, these including reforestation 
and afforestation projects and also forest 
management. Alternatively, under the Clean 
Development Mechanism (CDM), Annex 1 
countries can support projects in non-Annex 
1 (developing) countries. However, under this 
latter mechanism forestry projects are limited 
to reforestation or afforestation initiatives 
while forestry management and conservation 
projects are excluded (Locatelli & Karsenty, 
2004). 

Proposals to include forestry management 
and conservation within the next commitment 

9 See, for example, World Bank (2002) Democratic Republic of Congo, Mission de Suivi Sectoriel. 17-27 April 2002.
10 Based on a loss of 25-50% of carbon (due to forest degradation - see table 2), and a conservative estimate of the average biomass density of 
200 t C / ha. x 60 million hectares.

FORESTS AND CLIMATE 
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period are currently being discussed within the 
framework of the United Nations’ Framework 
Convention on Climate Change (UNFCCC)11.  
Such an approach would not only make 
the scheme more equitable for developing 
countries (since forestry management 
projects would then also be allowable here), 
but could potentially provide them with a 
significant means of funding sustainable 
forest management. It would also remove 
the perverse incentive for deforestation which 
currently exists – in theory at least – as 
with no incentive for forest conservation, 
landowners could decide to clear a forest 
in order to obtain funding for reforestation 
(Niesten et al., 2002; Peskett et al., 2006b). A 
final benefit is that it would bring developing 
countries into the international climate change 
mitigation efforts – important not only because 
they are a significant source of emissions, but 
also politically, as nations seek an equitable 
means of progressing on this issue beyond the 
current Kyoto Protocol commitments (Peskett 
et al., 2006b; Skutsch et al., 2006).

ACCOUNTING FOR FORESTS AND 
CARBON
Thanks to the Kyoto Protocol and European 
Emissions Trading Scheme (ETS) there exists 
a market in carbon, and so it has a monetary 
value. Consequently, a price can be put on 
the costs of deforestation, or conversely, the 
benefits of forest conservation. 

For example, a recent valuation of CO2 within 
the EU was US$ 20 per ton (over US$ 70 per 
t C)12.  If 1 hectare of tropical forest contains 
the equivalent of 500 t CO2, (or 136 t C) this 
gives it a value of US$ 10,000 (Chomitz, 
2006). Alternatively, if prices were as high 
as US$ 35-50, as was assumed in the Stern 
report (2006), then the value would be 
US$17,500-25,000 per hectare. In contrast, 
forests are often cleared for agricultural land 
which may only be worth a few hundred dollars 
per hectare and perhaps generating up to US$ 
1000 from one-off timber sales. Based on the 

profitability of the particular land-use system 
that replaces a forest, the opportunity costs 
of forest conservation can be calculated. One 
estimate placed this at between US$ 3-11 / t 
C (Chomitz, 2006), while a study of 8 tropical 
countries produced slightly higher estimates, 
of US$ 7 – 37 / t C, with an average value of 
US$ 13 (Grieg-Gran, 2006)13.  

These figures would suggest that paying 
countries to prevent deforestation would 
provide a relatively cheap means of mitigating 
climate change. On the basis of his estimates, 
Chomitz (2006) calculated that relatively 
modest carbon prices, of perhaps US$ 5-10 
could deter forest conversion of 1-2 million 
km2 of forest by 2050, so preventing the 
release of 8-15 Gt C, while a price of US$ 100 
would promote the conservation of 5 million 
km2 of forest, equivalent to 47 Gt C. (As a 
comparison, the average price of carbon under 
the CDM was about US$ 25 per tonne in 2005 
(Grief-Gran, 2006).) At the same time, such a 
system could generate significant amounts of 
money for developing countries. For example, 
one estimate suggests that such initiatives 
could be worth between US$ 179 million and 
US$ 1.278 billion to DRC (Mongabay, 2006)14. 

OPTIONS FOR CARBON FINANCING 
MECHANISMS
There exist numerous proposals for 
establishing a mechanism to reduce carbon 
emissions from forestry, with a range of 
methodological and technical differences. 
These entail the payment of incentives for 
‘avoided deforestation’ – an approach that 
has been termed ‘compensated reduction’ 
(Moutinho & Schwartzman, 2005; Santilli 
et al., 2005; Skutsch et al., 2006; Streck & 
Scholz, 2006).

In essence, compensated reduction would 
involve a country making a commitment 
to targets to reduce their greenhouse gas 
emissions from deforestation below a national 
baseline, this based on their historic emissions 

11 For example, see details of a recent workshop at: http://unfccc.int/methods_and_science/lulucf/items/3745.php 
12 1 g C = 3.664 g CO2

13 The 8 countries were: Cameroon, DRC, Ghana, Brazil, Bolivia, Indonesia, Malaysia, Papua New Guinea.
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from deforestation. Any reduction below this 
level would enable emissions reductions credits 
to be issued, which could be traded within 
international carbon markets. Payments would 
be made at the end of the commitment period, 
or if the targets were not met, a mandatory 
cap on emissions would be imposed in a 
subsequent commitment period (Peskett et al., 
2006a). 

Recent discussions on this issue were 
reinvigorated by a proposal for such a scheme 
presented to the UNFCCC by Papua New 
Guinea and Costa Rica (on behalf of a group of 
developing countries termed the ‘Coalition for 
Rainforest Nations’) (UNFCCC, 2005). This, and 
other proposals, are now being considered by 
the Convention’s Subsidiary Body for Scientific 
and Technological Advice (SBSTA). 

OTHER FINANCIAL MECHANISMS
Linking forest conservation with the 
international climate regime, and more 
specifically, with the carbon trading system, 
has the benefit that there is the potential to 
tap into large amounts of finance. However, 
the disadvantage is that it is dependent on 
international negotiations, which typically are 
incredibly slow and usually result in political 
compromise rather than the most practical 
or effective solutions. Indeed, the earliest 
such a mechanism could now be established 
within the Kyoto Protocol would be for the next 
commitment period of 2013-2017.
 
Even if such a regime is established, 
experience with the CDM raises doubts as to 
the impact it would actually have. To date, 
very few projects have been established under 
this latter mechanism in developing countries, 
particularly within Africa, in part because of 
the high transaction costs involved (Desanker, 
2005; Jindal, 2006; Peskett et al., 2006a). 

An alternative approach would be to establish 
a system outside of the Kyoto Protocol, 
countries agreeing to voluntary targets for 

reducing their emissions. Activities to achieve 
these goals could be financed through an 
international fund, established for this purpose, 
or alternatively, from contributions made on 
a bilateral or perhaps multilateral basis – 
through grants, loans, etc. (Lanchberry, 2006; 
Morgan et al., 2005). For example, Brazil has 
suggested that such a fund could be paid for 
with voluntary contributions from developed 
countries (Stern, 2006), an approach that 
has received support from the Congo Basin 
countries (UNFCCC, 2006c). Alternatively, an 
independent market for carbon credits could be 
established (but not ones that could be traded 
within the Kyoto system), or a system of 
‘forest’ or ‘biodiversity’ credits could be devised 
– for example, based on the area of forest 
protected. Such a market could be paid for 
by the private sector, for example, companies 
wishing to invest in forestry projects linked to 
corporate social responsibility or other goals 
(Stern, 2006).

Indeed, there is a rapidly expanding voluntary 
market, which includes schemes initiated by 
institutions to deal with their own emissions 
as well as those of companies who sell carbon 
offsets as a service to other companies or 
individuals (Peskett et al., 2006a). This has 
already proved to be a significant source of 
financing for conservation initiatives, and 
could either be an alternative to a Kyoto based 
scheme, particularly for the short-term while 
international negotiations are ongoing, or it 
could operate in parallel.

The disadvantage of this is that there is less 
money available than if the global market for 
carbon credits is tapped into. In addition, there 
is a higher risk of leakage if a project-based 
approach is taken, as has developed within 
the voluntary market – i.e. that deforestation 
or unsustainable forest practices will simply 
be shifted from a project site to another area. 
However, this can be minimised if the projects 
are placed within the framework of a national 
strategy. Indeed, regardless of where funding 
comes from, effective national systems are 

14 This estimate was based on a carbon price of US$ 20. The calculation was made simply from FAO’s estimates of annual carbon emissions from 
deforestation during 2000-2005 – the rate of deforestation was estimated at 320,000 ha./yr., releasing an estimated 45-64 million tons of carbon. 
Therefore, the total values represent the amount that could be ‘earned’ if all current carbon emissions from deforestation were to be stopped – an 
unrealistic scenario.
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needed in order to translate international 
incentives for reduced deforestation into 
incentives for forest owners, and also for 
countries to monitor their forests and carbon 
emissions. 

Some countries have already begun to 
implement national strategies, and Costa 
Rica is at the forefront of such efforts. Here, 
a national system for certified tradable 
offsets has been established, which includes 
forest conservation projects. The first offset 
was issued in 1997 to a consortium of the 
Norwegian government and private companies, 
representing a credit for 200,000 t of 
carbon offset, for a reforestation and forest 
conservation project (Forest Trends, n.d.; 
Rosenbaum, 2004). 

In many countries there are an increasing 
number of project-based efforts. For example, 
in Bolivia a national park was established 
in 2000 through a partnership between 
the national government, conservation 
organisations and US energy companies. This 
is aimed at protecting 1.5 million acres of 
forest, which it is expected will reduce carbon 
emissions by 17.8 million tonnes over a period 
of 30 years (Winrock International, 2002). 
Similar initiatives have also been established in 
Brazil and Belize15.  

Projects such as this can be funded through 
grants, loans or debt for nature swaps. 
There are various other means by which 
governments can support conservation of 
their own forests, including tax concessions, 
incentive payments and subsidies (UNFCCC, 
2006b). Financial incentives for sustainable 
forest management have been established 
in a number of countries. For example, in 
Costa Rica, tax concessions are provided for 
landowners who implement forest conservation 
– a policy aimed at promoting the full-range 
of environmental services provided by forests, 
and not just that of a carbon sink (Rosenbaum, 
2004).

Initiatives such as these provide valuable 
experience as to how best to reduce 
deforestation, and means by which such 
efforts could be scaled up or replicated in 
more countries. Therefore, while discussions 
are ongoing within the UNFCCC, options to 
support forest conservation and sustainable 
management should continue to be explored. 

THE CHALLENGES
These various options present both scientific 
and policy challenges if they are to be 
effective, feasible and equitable. These include 
methodological issues such as determining 
baselines and defining deforestation; 
and practical questions such as how to 
prevent leakage, either between projects or 
countries (i.e. the shifting of deforestation 
from a target project or country to another 
region) and how to ensure the permanence 
of forest conservation. If a system for 
compensated reduction is established, there 
are also questions such as how to compensate 
countries that already have low deforestation 
rates, and how to ensure that any carbon 
credits for avoided deforestation do not 
remove the incentive for taking action in other 
areas (e.g. reducing emissions from industrial 
sources).

There also remains the fundamental problem 
of how to reduce deforestation, which is the 
result of a complex of social, economic and 
political factors. Such efforts would have 
to address a variety of issues, including 
logging, agricultural expansion, infrastructure 
development, land tenure and other factors 
(Peskett et al., 2006b). As is noted above, 
in most countries of the region, industrial 
exploitation is a central element of forest 
policy, and indeed can play an important 
role in political patronage and corruption. 
Therefore, there are serious doubts as to 
whether the long-term substitution of these 
timber ‘rents’ with carbon financing would 
be sufficient to discourage logging activities. 
Any such mechanism would have to be very 

15 http://www.nature.org/initiatives/climatechange/work/art4253.html
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carefully targeted, to ensure that the right 
decision-makers were reached. 

This relates to the question of how any 
funding mechanism should be established 
– should international funds be paid to a 
national government or to individual projects 
or landowners, and what activities should be 
supported? If a project-based approach is 
taken, funders would perhaps be able to chose 
the types of project they support, and it could 
help to ensure that the funds are not diverted 
to other areas. However, the disadvantage of 
this is that there is a higher risk of leakage, 
since it does not facilitate a whole landscape 
or national approach being taken, and would 
not necessarily support the establishment of 
a national forestry strategy (Chomitz, 2006; 
Peskett et al., 2006b).

Many of these issues are discussed in detail 
in the literature, and so will not be considered 
here (Chomitz, 2006; Lanchberry, 2006; 
Moutinho & Schwartzman, 2005; Peskett et 
al., 2006b; Santilli et al., 2005; Skutsch et 
al., 2006; Streck & Scholz, 2006). Rather, 
discussion will be limited to those issues 
of particular concern in the context of the 
Congo Basin and of relevance to efforts to 
maintain the region’s forests and their wider 
environmental and social values. 

One fundamental issue is that the 
implementation of an effective, workable 
mechanism depends on being able to measure 
and monitor changes in forest area, and thus, 
to evaluate carbon emissions. Lack of data 
and understanding of these issues is a global 
problem, as has been highlighted in this 
report. However, the situation is particularly 
severe in the Congo Basin, where there are 
limited resources and capabilities for the 
necessary research and monitoring activities 
(Defries et al., 2005; Washington et al., 2004; 
2006). 

Therefore, significant investment is needed 

to build capacity. The proposed systems for 
carbon finance would result in payments for 
credits being paid at a later date – i.e. after 
there has been a reduction in deforestation. 
Therefore, raising the initial funding required 
is problematic and could present a financial 
barrier for many of these countries. This could 
be raised from financial institutions (such as 
the World Bank) or private sector finance could 
be sought, and these are valid options for 
the immediate term. Alternatively, a solution 
for the longer term could be to establish a 
mechanism by which developed countries 
could fund the required capacity-building 
programmes, claiming a percentage of the 
resulting emissions (thus, along similar lines to 
the current CDM) (Chomitz, 2006; Santilli et 
al., 2005; Skutsch et al., 2006).

The lack of data on land-use change and 
carbon flux is exacerbated by the fact that 
there remain no internationally accepted 
criteria or methodologies for assessing forest 
area and biomass, and thus, of carbon flux 
(Skutsch et al., 2006). One particular issue 
of concern is that many existing estimates of 
deforestation have taken insufficient account 
of forest degradation – this accounting for a 
significant proportion of the land-use change 
taking place within the Congo Basin, and 
consequently, representing an important 
source of carbon emissions in the region. One 
proposal for a system of carbon credits has 
been developed in which degradation is also 
accounted for. Achard et al. (2005) suggest 
that carbon credits could be calculated through 
monitoring not only the change from intact 
forest to non-forest (i.e. deforestation), but 
also that from intact to non-intact forest (i.e. 
degradation), as well as from non-intact forest 
to non-forest (deforestation). Non-intact forest 
is defined as forest which shows signs of 
human intervention, and under the proposed 
scheme would be assumed to contain 50% of 
the amount of carbon of the equivalent intact 
forest. While such an approach does present 
considerable practical problems – forest 
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degradation being difficult to assess – it would 
enable more realistic calculations of carbon 
emissions. 

In addition, a more nuanced approach to 
the role of forests on climate is also needed. 
To date, most of the discussions on an 
international climate change regime have 
focused purely on the role of greenhouse 
gases, with little attention being given to the 
impact of land-cover change. For example, 
the Kyoto Protocol is only concerned with 
limiting greenhouse gas emissions and not 
with other anthropogenic effects on climate 
change. The research findings highlighted 
above demonstrate that a more holistic 
approach is needed, in which both the flux of 
CO2 and changes in albedo and energy flow are 
incorporated. This would clearly be much more 
complex if a system for carbon credits were 
to be established that was fully exchangeable 
with those from fossil fuels, requiring an 
evaluation of the relative contribution of 
albedo, evapo-transpiration and surface 
roughness in relation to carbon emissions. 

The feasibility of such an approach is 
uncertain, particularly given that some of 
these factors may operate synergistically 
while others may be counteractive. However, 
it would perhaps be possible within a system 
that was outside of the Kyoto protocol, for 
example, under a scheme for biodiversity or 
forest conservation credits. This needs further 
exploration, since focusing purely on carbon 
flux could result in land management decisions 
that do not in fact produce the intended 
climatic results (Marland et al., 2003; Pielke et 
al., 2002). 

As well as greater consideration of the role of 
land-use effects, climate research also needs 
to focus more on local effects and on climate 
variability, rather than on global averages, 
which are cited in many studies. Thus, more 
data is needed on the way in which climate 
change could manifest itself at the local level, 
on seasonal and inter-annual time-scales, and 

also how climate variability would be affected 
(for example, changes in daily temperature 
ranges). It is such information that is of most 
significance for agriculture and non-timber 
forest products (for example, influencing 
fruiting patterns and species distribution). 
Furthermore, this shift in approach could 
also help prioritise climate research in Africa, 
which has been neglected here, perhaps in 
part because of the seeming distance between 
much climate research and immediate 
development priorities (Washington et al., 
2006).

In addition to these methodological issues, 
there are a number of more general concerns 
related to equity, both between the various 
stakeholders in the forestry sector within 
a particular country (indigenous and rural 
peoples, timber and other forest-based 
industries, et al.), and also between developing 
and developed countries.

One issue is that in discussions of carbon 
financing, most attention is given to forest 
protection rather than looking more broadly 
at sustainable forest management. This is 
reflected in the use of terminology – for 
example, the term ‘avoided deforestation’ 
is widely used but this tends to imply strict 
conservation measures. Consequently, Peskett 
et al. (2006b) have suggested that the term 
‘reduced deforestation’ is more appropriate. 
Whatever the terminology, the aim of such 
measures is to reduce carbon emissions, 
something that could be achieved not only 
through forest protection but also through 
facilitating traditional forest management 
systems – where these are found to be 
sustainable (Skutsch et al., 2006). In fact, 
there is evidence that recognition of traditional 
land rights promotes forest conservation – 
research in Brazil found that many indigenous 
reserves have prevented deforestation, even 
when they are located in frontier areas of 
agricultural expansion (Nepstad et al., 2006). 

Forest-dependent peoples are at risk of losing 
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out under such mechanisms. For example, 
logging companies could end up being paid 
incentives not to log, while local people, who 
may have been using the forest sustainably, 
would receive nothing. Therefore, mechanisms 
need to be explored by which forest-dependent 
communities could be compensated for 
sustainable forest use, while also discouraging 
unsustainable practices (Skutsch et al., 2006). 

With this in mind, caution is needed that 
governments do not adopt heavy policing 
policies of forest areas (as has been done 
in the past, either for timber production or 
conservation goals), and cut off the livelihood 
options of forest-dependent peoples (Peskett 
et al., 2006b). Indeed, there is a danger that 
any such scheme will result in primacy being 
given to the reduction of carbon emissions 
at the expense of all other forest values. In 
much of the Congo Basin, shifting cultivation 
has been practiced by Bantu farmers for 
several thousand years (Vansina, 1990). 
These agricultural systems have been broadly 
sustainable in ecological terms (Wilkie et al, 
1998), and indeed, may have contributed 
to the present high forest structure (Willis 
et al, 2004). It would be ironic, if not 
environmentally and socially catastrophic, if 
such sustainable farming practices were to 
be proscribed on the basis that they result in 
carbon emissions. 

A balanced approach is needed in which the 
full range of forest values is recognised, these 
including biodiversity and other environmental 
values, harvesting of forest products (both 
timber and non-timber), and the rights 
of forest-dependent peoples. To facilitate 
this, any system to mitigate the impact of 
deforestation on climate change must be part 
of a wider national forest strategy. This will 
enable the development of measures to reduce 
deforestation that are appropriate to the 
particular country, taking into account national 
priorities and circumstances. 
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There are huge challenges to the successful 
implementation of such mechanisms. 
Addressing these issues in Central Africa 
is particularly daunting, where there is 
widespread poor governance, conflict, and 
unclear land tenure (Jindal, 2006). 

All the options for reducing deforestation as 
a climate change measure depend on the 
abilities of countries to control and manage 
their forest resources, and to monitor these 
resources and associated greenhouse gas 
emissions. The countries of the Congo Basin 
are a long way from being able to quantify 
and monitor their carbon resources or 
emissions. Furthermore, the challenges that 
they face in implementing measures to reduce 
deforestation are immense, due to the severe 
political and governance problems prevalent in 
the region. Pre-requisites for the sustainable 
management of forests – and thus, the 
reduction of deforestation – are the existence 
of strong and effective national policies 
and institutions. Therefore, any system for 
compensated reduction will entail significant 
institutional development and high transaction 
costs (Peskett et al., 2006b).

However, although the challenges are 
huge, the costs of taking no action are also 
potentially huge. There is growing acceptance 
of the need for drastic reductions in the 
emissions of greenhouse gases – for example, 
the Stern report (2006) states that a reduction 
of carbon emissions of at least 25% by 2050 is 
needed if the worst impacts of climate change 
are to be avoided. If this is to be achieved, it 
will require action on various fronts – including 
the reduction of emissions from tropical 
deforestation and forest degradation. 

There remains uncertainty as to the costs 
of such mechanisms, and whether in fact 
payments for emissions would be sufficient 
to offset all the costs involved (Sedjo, 2006; 
Skutsch et al., 2006). Indeed, there has been 
a tendency to overstate the potential financial 
benefits from carbon financing (Obersteiner, 

2006). For example, alternative methods 
for calculating opportunity costs suggest 
that these could be as high as US$ 100 t C, 
significantly higher than the estimates of US$ 
3-37 cited earlier in this report (Stern, 2006). 
However, even with such values, carbon credits 
could still prevent deforestation on marginal 
lands and for unprofitable land-uses. It could 
also make sustainable forest management 
more profitable, helping to shift the balance 
away from practices based on the mining of 
forest resources. 

However, there is an important proviso – any 
efforts to reduce deforestation can only be 
implemented if issues of land tenure and 
resource rights are first resolved. Without such 
a basis, either forest conservation will fail or it 
will result in increased conflict over resources 
and further disadvantage forest-dependent 
communities. Fair and equitable land-use 
planning is therefore key.

What is clear is that the Congo Basin forests 
have a crucial role in influencing the local, 
regional and global climate, and so they need 
to be maintained. It is also clear that additional 
support is needed to help the countries of the 
region do this – indeed, it is in all our interests 
that this is done. 

CONCLUSIONS
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POLICY
Options for establishing an international 
mechanism for avoided deforestation are 
continuing to be explored and discussed, 
and these efforts need to continue. Within 
these discussions, a number of issues require 
particular attention:

 Support is needed to develop national 
strategies and infrastructure for forests and 
climate. This will need to include institutions 
to: monitor deforestation and degradation; 
develop and implement policies for forest 
management that will mitigate carbon 
emissions and land-surface impacts. 

 A more holistic view of the role of 
forests in climate change needs to be adopted, 
considering not only their role in the cycling 
of greenhouse gases, but also the importance 
of land-cover characteristics. Means by which 
the latter role could be accounted for within a 
carbon credit system should be explored. 

 Activities related to forests and climate 
must be co-ordinated and balanced with other 
forest issues and priorities. Priority should be 
given to projects that would bring a variety of 
benefits, e.g. securing land-rights, biodiversity 
maintenance, provision of forest products, etc., 
rather than to those aimed purely at carbon 
storage. 

 Means by which indigenous peoples 
could be incorporated in a system for avoided 
deforestation should be explored.

 Any projects and activities aimed 
at avoided deforestation must incorporate 
monitoring processes to assess their impact 
on forest-dependent communities and on the 
wider environment.

RESEARCH
The limited data in many areas has been 
widely reported, for example, the need for 
better assessments of biomass, forest area and 
rates and distribution of forest degradation and 
deforestation have all been highlighted. This is 
particularly true in Central Africa, where also 
understanding of, and data on, meteorological 
processes is limited. Therefore, there is a need 
for additional research facilities and activities 
within the region. 

More specifically, the following issues need to 
be addressed: 

 More attention in climate change 
predictions must be given to climate 
variability and to local effects, rather than the 
global average climate, in order to improve 
assessments of the ecological and agricultural 
impacts of climate change. 

 Research is needed into traditional 
systems of forest management and agriculture 
that are carbon neutral, or minimise carbon 
loss to the atmosphere, as options for 
sustainable land-use.

 The role of forests in the cycling of 
greenhouse gases other than carbon dioxide 
should be investigated further.

 More detailed research into the 
interactions between global warming and 
the land-surface impacts of deforestation is 
needed.

RECOMMENDATIONS



24

Achard, F., H.D. Eva, H.-J. Stibig, P. Mayaux, J. Gallego, 
T. Richards & J.-P. Malingreau (2002) Determination of 
deforestation rates of the world’s humid tropical forests. 
Science 297(5583): 999-1002

Achard, F., H.D. Eva, P. Mayaux, H.-J. Stibig & A. 
Belward (2004) Improved estimates of Net Carbon 
Emissions from Land Cover Change in the Tropics for the 
1990s. Global Biogeochemical Cycles 18(2): GB2008.

Achard, F., A.S. Belward, H.D. Eva, S. Federici, D. 
Mollicone & F. Raes (2005) Accounting for avoided 
conversion of intact and non-intact forest: technical 
options and a proposal for a policy tool. EU Joint 
Research Council, presented at COP 11, Montreal. 1 
December, 2005.

Avissar, R. & D. Werth (2005) Global hydroclimatological 
teleconnections resulting from tropical deforestation. 
Journal of Hydrometeorology 6(2): 134-145

Baidya Roy, S. & R. Avissar (2002) Impact of land use / 
land cover change on the regional hydrometeorology in 
Amazonia. Journal of Geophysical Research 107(D20): 
8037

Baidya Roy, S. & P.D. Walsh (2005) Accelerating 
Deforestation in the Congo Basin Can Pose Climate 
Risks. Ecology and Society 10(2): r4. 

Baidya Roy, S., P.D. Walsh & J.W. Lichstein (2005) 
Can logging in equatorial Africa affect adjacent parks? 
Ecology and Society 10(1): r6

Baumert, K.A., T. Herzog & J. Pershing (2005) 
Navigating the Numbers. Greenhouse Gas Data and 
International Climate Policy. Washington, D.C., World 
Resources Institute. 

Berbet, M.L.C. & M.H. Costa (2003) Climate change 
after tropical deforestation: seasonal variability of 
surface albedo and its effects on precipitation change. 
Journal of Climate 16(12): 2099-2104

Brown, S. & G. Gaston (1996) Tropical Africa: Land Use, 
Biomass, and Carbon Estimates for 1980. 

Brown, S., T. Pearson, N. Moore, A. Parveen, S. Ambagis 
& D. Shoch (2005) Impact of selective logging on the 
carbon stocks of tropical forests: Republic of Congo as a 
case study. Deliverable 6. Developed for the US Agency 
for International Development. Winrock International, 
Arlington, VA.

BSP (1992) Central Africa. Global Climate Change and 
Development. Synopsis. Biodiversity Support Program

Cadet, D.L. & N.O. Nnoli (1987) Water vapour transport 
over Africa and the Atlantic ocean during summer 1979. 
Quarterly Journal Royal Meteorological Society 113: 
581-602

Chagnon, F.J.F., R.L. Bras & J. Wang (2004) Climatic 
shift in patterns of shallow clouds over the Amazon. 
Geophysical Research Letters 31(24): L24212

Chase, T.N., R.A. Pielke, T.G.F. Kittel, R. Nemani & S.W. 
Running (2000) Simulated impacts of historical land 
cover changes on global climate in northern winter. 

Climate Dynamics 16: 93-105

Chomitz, K.M. (2006) At Loggerheads? Agricultural 
Expansion, Poverty Reduction, and Environment in the 
Tropical Forests. A World Bank Policy Research Report. 

Costa, M.H. & Foley (2000) Combined effects 
of deforestation and doubled atmospheric CO2 
concentrations on the climate of Amazonia. Journal of 
Climate 13: 18-34

Cramer, W., A. Bondeau, S. Schaphoff, W. Lucht, B. 
Smith & S. Sitch (2004) Tropical forests and the global 
carbon cycle: impacts of atmospheric carbon dioxide, 
climate change and rate of deforestation. Philosophical 
Transactions of the Royal Society of London. B. Biological 
Sciences 359(1443): 331-34

Defries, R.S., R.A. Houghton, M.C. Hansen, C.B. Field, 
D. Skole & J.Townshend (2002) Carbon emissions from 
tropical deforestation and regrowth based on satellite 
observations for the 1980s and 1990s. Proceedings of 
the National Academy of Sciences of the United States 
of America 99(22): 14256-14261

DeFries, R.S., G. Asner, F. Achard, C. Justice, N. Laporte, 
K. Price, C. Small & J. Townshend (2005) Monitoring 
tropical deforestation for emerging carbon markets. 
In: P. Moutinho and S. Schwartzman (Eds.) Tropical 
Deforestation and Climate Change. Pp. 35-44. Instituto 
de Pesquisa Ambiental da Amazônia, Belém, Pará, Brazil

Desanker, P.V. (2005) The Kyoto Protocol and the CDM in 
Africa: a good idea but… Unasylva 56(222)

FAO (1993) Forest Resources Assessment 1990. Tropical 
Countries. FAO Forestry Paper 112. Rome, Italy.

FAO (2006) Global Forest Resources Assessment 2005, 
Main Report. Progress Towards Sustainable Forest 
Management. FAO Forestry Paper 147. Rome, Italy.

Fearnside, P.M. & W.F. Laurance (2004) Tropical 
deforestation and greenhouse gas emissions. Ecological 
Applications 14(4): 982-986

Feddema, J.J., K.W. Oleson, G.B. Bonan, L.O. Mearns, 
L.E. Buja, G.A. Meehl & W.M. Washington (2005) The 
Importance of Land-Cover Change in Simulating Future 
Climates. Science 310(5754): 1674-78

Forest Trends (n.d.) Developing Markets for Forest 
Carbon. 

Gaston, G., S. Brown, M. Lorenzini & K.D. Singh (1998) 
State and change in carbon pools in the forests of 
tropical Africa. Global Change Biology 4: 97-114

Gong, C. & E. Eltahir (1996) Sources of moisture for 
rainfall in West Africa. Water Resources Research 
32(10): 3115-3121

Grieg-Gran, M. (2006) Is tackling deforestation a 
cost-effective mitigation approach? IIED Sustainable 
Development Opinion.

Hoare, A.L. (2005) Irrational Numbers: Why the 
FAO’s Forest Assessments are Misleading. Rainforest 
Foundation.

BIBLIOGRAPHY



25

Houghton, R.A. (2005a) Tropical deforestation as a 
source of greenhouse gas emissions. In: P. Moutinho 
& S. Schwartzman (Eds.) Tropical Deforestation and 
Climate Change. pp.13-21. Instituto de Pesquisa 
Ambiental da Amazônia, Belém, Pará, Brazil. 

Houghton, R.A. (2005b) Above ground forest biomass 
and the global carbon balance. Global Change Biology 
11: 945-958

Houghton, R.A. & J.L. Hackler (2006) Emissions of 
carbon from land use change in sub-Saharan Africa. 
Journal of Geophysical Research 111 (G2): G02003

Hulme, M., R. Doherty, T. Ngara, M. New & D. Lister 
(2001) African climate change:1900-2100. Climate 
Research 17: 145-168

Jindal, R. (2006) Carbon Sequestration Projects in 
Africa: Potential Benefits and Challenges to Scaling Up. 
EarthTrends Featured Topic, June 2006. Washington, 
WRI.

Job, D.A. (1994) Global climate change, natural 
resources management, and biodiversity conservation in 
the Congo Basin: A preliminary literature review. CARPE.

Justice, C., D. Wilkie, Q. Zhang, J. Brunner & C. 
Donoghue (2001) Central African forests, carbon and 
climate change. Climate Research 17(2): 229-246

Lanchberry, J. (2006) Avoided deforestation under the 
climate change convention: RSPB briefing about the 
situation in May 2006. 

Laporte, N., J. Le Moigne, P. Elkan, O. Desmet, D. 
Paget, A. Pumptre, P. Gouala, M. Honzack & F. Maisels 
(2004) INFORMS for Central Africa: An Integrated Forest 
Monitoring System for Central Africa (a NASA LCLUC 
Program): Final Report.

Laurance, W.F., S.G. Laurance, L.V. Ferreira, J.M. Rankin-
de Merona, C. Gascon & T.E. 
Lovejoy (1997) Biomass collapse in Amazonian forest 
fragments. Science 278(5340): 1117-8

Lawton, R.O., U.S. Nair, R.A. Pielke & R.M. Welch (2001) 
Climatic impact of tropical lowland deforestation on 
nearby montane cloud forests. Science 294: 584-7

Locatelli, B. & A. Karsenty (2004) Tropical forest 
dynamics and climate change. In: D. Babin (Ed.) Beyond 
tropical deforestation: from tropical deforestation to 
forest cover dynamics and forest development. UNESCO. 
Pp.97-120

Mahé, G., E. Servat & J. Maley (2005) Climatic 
variability in the tropics. In: M. Bonell & L.A. Bruijnzeel 
(Eds). Forests, water and people in the humid tropics. 
Cambridge University Press. Pp.267-286

Marland, G., R.A. Pielke, M. Apps, R. Avissar, R.A. 
Betts, K.J. Davis, P.C. Frumhoff, S.T. Jackson, L.A. 
Joyce, P. Kauppi, J. Katzenberger, K.G. MacDicken, R.P. 
Nielson, J.O. Niles, D.d.S. Niyoga, R.J. Norby, N. Pena, 
N. Sampson & Y. Xue  (2003) The climatic impacts of 
land surface change and carbon management, and 
the implications for climate-change mitigation policy. 
Climate Policy 3(2): 149-157

Maynard, K. & J.F. Royer (2004) Effects of “realistic” 
land-cover change on a greenhouse-warmed African 
climate. Climate Dynamics 22(4): 343-358

Minnemeyer, S. (2002) An analysis of access into 
Central Africa’s Rainforests. Global Forest Watch, World 
Resources Institute.
 
Mongabay (2006) Emissions proposal could generate 
$200m/year for DR Congo. 5 November 2006. Online 
article: http://news.mongabay.com/2006/1105-congo.
html [accessed 15/1/07]

Monteny, B.A. (1987) Contribution à l’étude des 
interactions vegetation-atmosphère en milieu tropical 
humide. Thèse de decotorat de l’Université d’Orsay.

Morgan, J.L., C. Maretti & G. Volpi (2005) Tropical 
deforestation in the context of the post-2012 Climate 
Change Regime. In: P. Moutinho and S. Schwartzman 
(Eds.) Tropical Deforestation and Climate Change. 
Instituto de Pesquisa Ambiental da Amazônia, Belém, 
Pará, Brazil. Pp. 101-110

Moutinho, P. and S. Schwartzman (2005) (Eds.) Tropical 
Deforestation and Climate Change. Instituto de Pesquisa 
Ambiental da Amazônia, Belém, Pará, Brazil.

Nasi, R. (2005) Potential methodological flaw in the 
examination of the effects of logging. Ecology and 
Society 10(2): r2.

Nepstad, D., S. Schwartzman, B. Bamberger, M. Santilli, 
D. Ray, P. Schlesinger, P. Lefebvre, A. Alencar, E. 
Prinz, G. Fiske & A. Rolla (2006) Inhibition of Amazon 
deforestation and fire by parks and indigenous lands. 
Conservation Biology 20: 65-73

Niesten, E., P.C. Frumhoff, M. Manion & J.J. Hardner 
(2002) Designing a carbon market that protects forests 
in developing countries. Royal Society of London series 
A mathematical physical and engineering sciences 360 
(1797): 1875-88

Obersteiner, M. (2006) Economics of Avoiding 
Deforestation. Paper presented at: ‘Climate Change 
Mitigation Measures in the Agro-forestry Sector and 
Biodiversity Futures. 16-17 October, 2006. ICTP, Trieste, 
Italy.

Palm, C.A., M. van Noordwijk, P.L. Woomer, J.C. Alegre, 
L. Arévalo, C.E. Castilla, D.G. Cordeiro, K. Hairiah, 
J. Kotto-Same, A. Moukam, W.J. Parton, A. Ricse, V. 
Rodrigues & S.M. Sitompul (2005) Carbon Losses and 
Sequestration After Land Use Change in the Humid 
Tropics. In: C. Palm, S.A. Vosti, P.A. Sanchez & P.J. 
Ericksen (Eds.) Slash and Burn Agriculture: The Search 
for Alternatives. New York, Columbia University Press. 
Pp. 41-63

Parveen, A., N. Moore, T. Pearson, S. Brown (2005) 
Use of Aerial Digital Imagery to Measure the Impact 
of Selective Logging on Carbon Stocks of Tropical 
Forests in the Republic of Congo: Deliverable 9: Aerial 
imagery analysis of logging damage. Developed for 
the US Agency for International Development. Winrock 
International, Arlington, VA
Peskett, L., D. Brown & C. Luttrell (2006a) Making 
voluntary carbon markets work better for the poor: The 



26

case of forestry offsets. Forestry Briefing 11. November 
2006. ODI

Peskett, L., D. Brown & C. Luttrell (2006b) Can 
payments for avoided deforestation to tackle climate 
change also benefit the poor? Forestry Briefing 12. 
November 2006. ODI

Pielke, R.A., G. Marland, R.A. Betts, T.N. Chase, J.L. 
Eastman, J.O. Niles, D.D.S. Niyogi & S.W. Running 
(2002) The influence of land-use change and landscape 
dynamics on the climate system: relevance to climate-
change policy beyond the radiative effect of greenhouse 
gases. Philosophical Transactions of the Royal Society, 
London, Series A. 360: 1705-1719

Rosenbaum, K.L. (2004) Climate change and the forest 
sector: possible national and subnational legislation. 
Rome: FAO.

Santilli, M., P. Moutinho, S. Schwartzman, D. Nepstad, L. 
Curran, and C. Nobre (2005) Tropical deforestation and 
the Kyoto Protocol. Climatic Change 71(3): 267-276
Sedjo, R. (2006) Forest and Biological Carbon Sinks 
after Kyoto. Washington: Resources for the Future.

Semazzi, F.H.M. & Y. Song (2001) A GCM study of 
climate change induced by deforestation in Africa. 
Climate Research 17(2): 169-182

Shem, W.O. & R.E. Dickinson (2006) How the Congo 
Basin deforestation and the equatorial monsoonal 
circulation influences the regional hydrological cycle. 
Paper presented at the  86th Annual AMS Meeting. 
January 2006.

Skutsch, M., N. Bird, E. Trines, M. Dutschke, P. Frumhoff, 
B. de Jong, P. van Laake, O. Masera & D. Murdiyarso 
(2006) Clearing the way for reducing emissions from 
tropical deforestation. Paper from a working group 
meeting to discuss options for including LULUCF in a 
post-2012 climate agreement. 5-6 May, 2005.

Snyder, P.K., J.A. Foley, M.H. Hitchamn & C. Delire 
(2004a) Analyzing the effects of complete tropical 
forest removal on the regional climate using a detailed 
three-dimensional energy budget: an application to 
Africa. Journal of Geophysical Research D: Atmospheres 
109(21): D21102 1-19 (16 Nov. 2004)

Snyder, P.K., C. Delire & J.A. Foley (2004b) Evaluating 
the influence of different vegetation biomes on the 
global climate. Climate Dynamics 23: 279-302

Stern, N. (2006) Stern Review on the Economics of 
Climate Change. Report for the UK Cabinet Office, HM 
Treasury. October 2006.

Streck, C. & S.M. Scholz (2006) The role of forests in 
global climate change: whence we come and where we 
go. International Affairs 82(5): 861-879

Todd, M.C. & R. Washington (2004) Climate variability 
in central equatorial Africa: Influence from the Atlantic 
sector. Geophysical Research Letters 31: L23202, doi: 
10.1029/2004GL020975, 2004

UNFCCC (2005) Reducing emissions from deforestation 
in developing countries: approaches to stimulate action. 

Submission by the Governments of Papua New Guinea 
and Costa Rica. 11th Conference of the Parties to the 
UNFCCC. 11 November 2005. Document no. FCCC/
CP/2005/MISC.1

UNFCCC (2006a) UNFCC Background Paper for the 
Workshop on reducing emissions from deforestation 
in developing countries. Part I. Scientific, socio-
economic, technical and methodological issues related 
to deforestation in developing countries. Rome, Italy, 30 
August - 1 September 2006. 

UNFCCC (2006b) UNFCC Background Paper for the 
Workshop on reducing emissions from deforestation in 
developing countries. Part II - Policy approaches and 
positive incentives.

UNFCCC (2006c) Report on a Workshop on reducing 
emissions from deforestation in developing countries. 
SBSTA 25th Session, 6-14 November, 2006. Document 
FCCC/SBSTA/2006/10. 11 Oct. 2006.

Vansina, J. (1990) Paths in the Rainforests: Towards a 
History of Political Tradition in Equatorial Africa, James 
Curry, London 

Voldoire, A. & J.F. Royer (2004) Tropical deforestation 
and climate variability. Climate Dynamics 22(8): 857-
874

Washington, R., M. Harrison & D. Conway (2004) African 
Climate Report. A report commissioned by the UK 
Government to review African climate science, policy 
and options for action. December 2004.

Washington, R. M. Harrison, D. Conway, E. Black, A. 
Challinor, D. Grimes, R. Jones, A. Morse, G. Kay & M. 
Todd (2006) African Climate Change. Taking the Shorter 
Route. Bulletin American Meteorological Society (BAMS), 
October 2006.

Watson, R.T., I.R. Noble, B. Bolin, N.H. Ravindranath, 
D.J. Verardo & D.J. Dokken (2000) Land Use, Land-
Use Change and Forestry. Special Report of the IPCC. 
Cambridge, UK: Cambridge University Press. 

Wilkie, D.S., B. Curran, R. Tshombe & G.A. Morelli 
(1998) Modeling the Sustainability of Subsistence 
Farming and Hunting in the Ituri Forest of Zaire. 
Conservation Biology 12(1): 137–147

Willis, K.J., L. Gillson & T.M. Brncic (2004) How ‘Virgin’ is 
Virgin Rainforest? Science 304: 402-403

Winrock International (2002) 2001 Analysis of Leakage, 
Baselines, and Carbon Benefits for the Noel Kempff 
Climate Action Project. 

Zhang, Q. & C.O. Justice (2001) Carbon emissions and 
sequestration potential of central African ecosystems. 
Ambio 30(6): 351-355

Zheng, X. & E.A.B. Eltahir (1998) The role of vegetation 
in the dynamics of West African monsoons. Journal of 
Climate 11: 2078-2096



2727

Alison Hoare, the author of this report, is a 
Research Consultant and Associate Fellow 
at Chatham House with expertise in natural 
resource use and forest management.



28

The Rainforest Foundation
Imperial Works, 2nd Floor
Perren Street
London
NW5 3ED
United Kingdom

Tel: 00 44 (0) 20 7485 0193
Fax: 00 44 (0) 20 7485 0315

www.rainforestfoundationuk.org 

Printed on recycled paper
Registered Charity No. 8014356

ISBN: 978-1-906131-04-3 


	prelim_globalwarming_03_1.pdf
	prelim_globalwarming_03_10.pdf
	prelim_globalwarming_03_11.pdf
	prelim_globalwarming_03_12.pdf
	prelim_globalwarming_03_13.pdf
	prelim_globalwarming_03_14.pdf
	prelim_globalwarming_03_15.pdf
	prelim_globalwarming_03_16.pdf
	prelim_globalwarming_03_17.pdf
	prelim_globalwarming_03_18.pdf
	prelim_globalwarming_03_19.pdf
	prelim_globalwarming_03_2.pdf
	prelim_globalwarming_03_20.pdf
	prelim_globalwarming_03_21.pdf
	prelim_globalwarming_03_22.pdf
	prelim_globalwarming_03_23.pdf
	prelim_globalwarming_03_24.pdf
	prelim_globalwarming_03_25.pdf
	prelim_globalwarming_03_26.pdf
	prelim_globalwarming_03_27.pdf
	prelim_globalwarming_03_28.pdf
	prelim_globalwarming_03_3.pdf
	prelim_globalwarming_03_4.pdf
	prelim_globalwarming_03_5.pdf
	prelim_globalwarming_03_6.pdf
	prelim_globalwarming_03_7.pdf
	prelim_globalwarming_03_8.pdf
	prelim_globalwarming_03_9.pdf

