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EXECUTIVE SUMMARY

This Proforest report provides an overview of terrestrial
carbon stocks, emissions and sequestration potential in
tropical Africa.

Review methodology
We carried out a systematic review of the published
scientific literature on carbon stocks and sequestration
in Africa. This review was based on data that was
available in September 2009. The methodology was
based on the approach developed by the Cochrane
Collaboration (www.cochrane.org) for evidence-based
medicine. The literature survey reviewed over 2,000
articles concerning carbon sequestration and stocks
in Africa. These references were compiled into a
literature database that forms part of this report. From
this literature database we extracted information on
carbon stocks in different ecosystems, rates of carbon
sequestration and the carbon related impacts of
different land use related interventions.
We also carried out a systematic review of existing
carbon sequestration projects in Africa, which was
based on data that was available in September 2009.
This review used information from project design
documents and interviews with project developers.

Findings
About half of the world’s terrestrial carbon reserves are
found in non-Annex 1 countries. Africa accounts for
about 10% of the global total. Most terrestrial carbon
is stored in forests. The African continent contains 635
million hectares of forests which account for 21.4%
of its land area. Tropical Africa contains about 580 M
ha of forest which accounts for about 36% of global
tropical forests.
Permanently moist or humid evergreen forest generally
stores more carbon (200-300 t C per ha) than dry or
seasonally dry forests (150-250 t C per ha). Grasslands
and savannah hold much lower quantities of carbon
per hectare (60-70 t C per ha), but are significant
due to their large extent. While it is clear that land
clearance, and particularly deforestation, leads to a
loss of terrestrial carbon on a local scale, there remains
considerable debate on the extent to which land-use
change contributes to carbon emissions on the regional
scale. This is because there is uptake of carbon in
existing and re-growing forests that appears to offset

the emissions from land-use change.
In Africa, small-scale and shifting agriculture is often
cited as a major driver of forest loss. There remains
debate about how much of this carbon is released, as
some of the carbon is re-sequestered as tree cover reestablishes itself on cropland that is unused.

Carbon data in the scientific literature
The primary data reviewed for this report show average
values for land uses and interventions in Africa are
often built on scarce data points. We found only 14
values from 5 publications for total carbon (soil and
biomass) in intact moist tropical forest in tropical
Africa. This is far too few on which to base calculations
of average values across the continent.
For comparison, in the UK, national estimates of
woodland cover and condition that would be the basis
for calculation of carbon stocks are based on over
15,000 one-hectare plots of woodland across England,
Scotland and Wales, and on a vegetation classification
scheme that itself is built on over 35,000 vegetation
samples.
While it is possible to construct average values for
different forest types from the African literature
database we have compiled, it is essential to be aware
of the limitations of the underlying data, which:
•

Are geographically widespread

•

Have measured different aspects (e.g. above
ground biomass, not soil carbon) and

•

Have used different methods for compiling
overall estimates

The variation in the data may be more important than
the average figures. It shows the extent of variation
between ecosystems and between different studies.

Evaluation of interventions
Forest protection, restoration and
regeneration
In absolute carbon terms, the protection of forests,
and specifically the avoidance of deforestation, delivers
the highest carbon saving. The maintenance of 1ha of
moist tropical rainforest (that would otherwise have
been converted to an agricultural use) represents a
saving of up to 200 t C, (720 t CO2 e).
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Guaranteeing an actual carbon saving through forest
protection is, however, not straight forward. The
effectiveness of protection depends on many variables
including population pressure, the availability of
environmental goods and services elsewhere in the
surrounding landscape, and the opportunity cost for
land users to not clear new land

SFM in logging concessions
The overall carbon emissions from logging are small
on a per hectare scale, and may even be offset by
increased rates of sequestration in recovering forest.
In tropical Africa, the carbon sequestration benefits
of reduced impact logging (RIL) alone are marginal.
Note, however, that studies on the carbon benefits
of RIL have considered only the difference between
conventional legal forest management and best
practice involving RIL. They have not considered
the magnitude of illegal harvesting that occurs in
tropical Africa. Therefore, Forest Law Enforcement and
Governance (FLEG) initiatives are important. These will
help reduce current levels of illegal over-harvesting.

Community forestry
Community forest management (CFM) has been shown
to promote forest recovery (increased quality of forest)
in some parts of Tanzania. However, it is possible that
high population density and high rates of forest loss
have helped promote the success of CFM in Tanzania.
CFM requires years of investment to build capacity for
forest management and there are few examples of
working CFM from West and Central Africa.

efficient charcoal production. Both are attractive
because interventions are relatively easy to implement
at a local scale and have clear economic benefits to the
participants due to reduced requirement for resources.
However, demonstrating an overall carbon saving
is problematic. More efficient fuel use has only an
indirect effect on rates of fuel wood extraction from
natural forest. Demonstrating the causal relationship
between the project activity and the desired result is
extremely challenging.

Pasture and grazing land
The areas of rough grazing land and savannah
grasslands are very significant in Africa, so although
carbon sequestration benefits of interventions are
limited on a per hectare basis, the cumulative effect
could be large.
However, project based interventions tend not to
be replicable over large geographical areas, as local
conditions vary. It is also important to note that
interventions to intensify the production of fodder and
move away from extensive grazing depend as much on
cultural concerns and animal husbandry traditions as
they do on technical ones.

Agriculture
Improving agriculture can increase the stock of carbon
held in the biomass and soil. Data from the literature
suggested that carbon stocks in agroforestry systems
are around 28% higher than those in agricultural
systems.

Plantations
Plantations on cleared land deliver fast above ground
carbon sequestration in woody biomass. Plantations
of exotic tree species have been shown to sequester
carbon at average rates above 5 t C per ha per year
over the rotation period. Plantations of native species
(especially mixtures of native species) may not deliver
such fast growth rates, but are likely to provide longer
term benefits with respect to soil and biodiversity.
However, the success of a plantation project depends
heavily on appropriate site and species selection and
attentive management of the plantation, particularly at
establishment phase and in the early years of growth.

Woodfuel and charcoal interventions
The two dominant types of intervention for reducing
fuel wood collection are efficient cooking stoves and

Agroforestry systems can increase the rate at which the
land sequesters carbon (average rates of 2.51 tC/ha/
yr (n=17), which is approximately double the average
values reported for annual agriculture). However,
agricultural interventions are often assumed to lead to
a decrease in deforestation resulting from agricultural
expansion. This may not be justified. Preventing
the expansion of shifting cultivation lands involves
addressing the cultural traditions that underlie this
agricultural practice. Increasing productivity on the
farm requires investment of money or effort in the
land for a long-term payoff of increased or sustained
yields. These techniques are rarely used by shifting
cultivators, as investment in the land is specifically
avoided.
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Lessons from carbon projects
Carbon markets have developed stringent reporting
requirements that place emphasis on the accurate
calculation of baseline emissions, and require
accounting for leakage effects. Philanthropic projects
should take note of these requirements, whether or
not they are planning to obtain carbon market finance,
as they are widely believed to be good guarantors of
project success.
However, methods for this are largely untested in the
African context, due to the small number of projects
to date and the paucity of primary data on stocks and
emissions. Experience also shows that land-use related
projects in Africa present specific challenges due to
the small scale and diffuse nature of emissions, which
makes accounting for baselines and demonstrating
impacts complex and costly.

Review of existing projects
We reviewed project information relating to 52 land use
related carbon sequestration projects in Africa. 59%
of the projects were based in East Africa, 29% in West
Africa with only 10% and 2% in Central Africa and North
Africa respectively. Project budgets ranged from USD
150,000 for a project implementing improved cooking
stoves in Mali, to USD 16 million for reforestation in
Ghana.
Highland
forest in the
Ngorongoro
Conservation
Area, Tanzania
cc flikr: dimitri 66

The most common project focus was on plantations
and avoided deforestation (17 projects) followed by
forests and sustainable agriculture (16 projects). We
carried out detailed interviews with 10 of these projects
which were specifically relevant to the areas of interest
to FPAN. These interviews brought to light several
issues, including:
•

The importance of clear and uncontested land
rights and property rights in project areas

•

The importance of detailed planning including 		
feasibility studies

•

The importance of detailed stakeholder
consultation and local buy-in

•

The need to include institutional training and
capacity building in project activities

•

The importance of group organisation of the
relevant land users

•

The existence of a dispute resolution mechanism

•

The need for the involvement of local
entrepreneurs and for land users to have an
active stake in the financial benefit from the
project
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Dry forest in Kruger Park, South Africa ( cc Stephen Downes)
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INTRODUCTION

The Forests Philanthropy Action Network (FPAN) is a
UK-based funders group, formed in January 2008 to
help coordinate and inform philanthropic support for
work on the whole range of global forest and terrestrial
carbon issues. FPAN initiated the African Tropical Forest
Review (ATFR) research project in September 2008
with the goal of providing funders with information
and guidance on philanthropic priorities for protecting
and enhancing terrestrial carbon across tropical Africa.
Within the ATFR project, there is a strong focus on
assessing the effectiveness of specific interventions.

•

Carbon: what is and what is not known about
carbon stocks and fluxes from different land uses in
tropical Africa and what implications this has for the
types of intervention which are likely to be effective
for carbon conservation or sequestration;

•

Effectiveness of interventions: what is and is
not known about the effectiveness of different
interventions, both in terms of carbon and
in relation to other aspects such as costs,
environmental and social co-benefits and successful
implementation, and how this relates to market
requirements.

Examples of such interventions include modifying
agricultural practice, the establishment of plantations
or community forest management systems. But
interventions may also include the building of human
capacity or the manipulation or markets to alter
pressures on natural resources.

The report is set out in five sections:

However, there remains a lack of reliable and credible
data on the carbon stocks emissions and sequestration
from different land uses within the region. There is also
an absence of systematic analysis of the effectiveness
of different interventions to promote carbon storage
or sequestration. As a result, certain land uses may be
promoted on the basis of assumptions which are not
borne out by fact.
This report has been produced to provide a better basis
for decision makers by providing accurate information
on:
Tea plantation
on the forest
border, Uganda
cc Francesco
Veronesi

•

Section 1 provides an overview of terrestrial carbon
in Africa

•

Section 2 examines the primary data for carbon
stocks and fluxes for Africa and analyses both their
extent and the gaps.

•

Section 3 looks at the likely impact of various
interventions on terrestrial carbon stocks and fluxes

•

Section 4 reviews the lessons for philanthropists
from the carbon markets

•

Section 5 looks at the potential effectiveness of
different interventions based on a review of projects
already under way in Africa

•

Section 6 summarises the main conclusions for
funders considering investing in a terrestrial carbon
project
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1 TERRESTIAL CARBON IN AFRICA
This section provides a macro-level overview
of terrestrial carbon stocks in forests and other
ecosystems both globally and, in more detail, in Africa.
It then examines the impacts of deforestation and
land-use change on carbon in African forests and other
ecosystems.
The information in this section is based on a review of
the scientific and policy literature providing overviews
and models of ecosystem cover and carbon stocks
and fluxes for terrestrial ecosystems. The information
presented in this section is based on data reviewed in
September 2009.

1.1 Overview of carbon stocks
Global terrestrial carbon
To quantify global terrestrial carbon involves looking
at two major carbon pools, the above-ground carbon

in vegetation biomass and the below ground carbon in
soil (see Box 1.1). Several organisations have published
summary data, including the International Panel on
Climate Change (IPCC), United Nations Environment
Programme/World Conservation Monitoring Centre
(UNEP/WCMC) and the Terrestrial Carbon Group (TCG).
However, there are differences between the data sets.
The differences may arise from different measurements
of vegetation or soil. Figure 1.1, below, compares the
data sets presented by IPCC and the UNEP-WCMC
recent publication The Natural Fix 1. Both of these
sources used the same information for soil carbon
figures (Ruesch and Gibbs, 2008) but used different
classifications of land use or biome types. This results
in significantly different estimates of the contributions
of different biomes to total terrestrial carbon, though
the general patterns remain similar (see Figure 1.1 and
Table 1.1 below).

384

428

559

548

Tundra

Figure 1.1

Croplands

The distribution
of terrestrial
carbon stocks by
land cover type/
biomes based
on total stored
carbon including
vegetation and
soil (Gt C). Data
from (a) IPCC
and (b) UNEPWCMC

Wetlands

159

Deserts and semi deserts

155

Temp grassland and shrubland
127
131

330

Trop savannah and grassland

178
315

Temperate forest

240
304

199

184

Tropical forest

285

Boreal forest
(a) IPCC

(b) UNEP-WCMC

Table 1.1

Data from IPCC2 and WCMC3 on terrestrial carbon stocks (Gt carbon)
IPCC Figures
Land cover type
Tundra

Area (M ha)

Plants

Soil

Total

Total
155.4

950

6

121

127

Cropland

1600

3

128

131

Temperate forest

1040

59

100

159

314.9

Deserts and semi deserts

4550

8

191

199

178

350

15

225

240

Wetlands
Temp grassland and shrubland

1250

9

295

304

183.7

Trop savannah and grassland

2250

66

264

330

285.3

Tropical forest

1760

212

216

428

547.8

Boreal forest

1370

88

471

559

384.2

15120

466

2011

2477

2049.3

Total
1

WCMC Figures

Trumper K, Bertzky M, Dickson B, van der Heijden G, Jenkins M and Manning P WCMC (2009) The Natural Fix: the role of ecosystems in climate mitigation.
4
UNEP Cambridge, UK. 2 http://www.ipcc.ch/ipccreports/sres/land_use/index.php?idp=3. 3 WCMC: Trumper et al 2009. CDIAC cdiac.ornl.gov.
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Looking at carbon stock per unit area using the
IPCC figures, it is possible to see the relative carbon
‘densities’ of the different forest types, (see Figure
1.2). Interestingly, tropical forests hold about as much
terrestrial carbon in total as temperate grasslands
and shrublands, and much less than boreal forests
or wetlands. This is primarily due to the much lower
volumes of soil carbon in tropical forest ecosystems
(see Figure 1.2 below). It is also important to note
that tropical savannahs and grassland, although they
contain much less carbon per hectare than tropical
forests, do still contain a significant amount.

Considering the role of Africa with regard to terrestrial
carbon stocks, data from Carbon Dioxide Information
Analysis Centre4 and the Terrestrial Carbon Group5
suggest that about half of the world’s terrestrial carbon
is stored in non-Annex 1 countries6 and that Africa
accounts for about a quarter of this total and about
10% of the global total (see Table 1.2).

Figure 1.2

Vegetation

Terrestrial
carbon storage
tonnes of carbon
per ha: Global
average figures
(Source: IPCC
2001)

Soil

Wetlands

Boreal forest

Temp grassland and shrubland

Tropical forest

Temperate forest

Trop savannah and grassland

Tundra

Cropland

Deserts and semi-deserts

Table 1.2

IPCC data on global terrestrial carbon stocks (Gt C)
Comparison of global terrestrial carbon stocks

Total

Forest

Global terrestrial carbon stocks

2477

1146

Non-Annex1 countries

1109

538

Africa

2807

171

5
Terrestrial Carbon Group www.terrestrialcarbon.org. 6 Annex 1 countries are all the developed countries which agreed to legally binding targets on GHG emissions
under the Kyoto Protocol. Non-Annex 1 countries are the less developed countries which do not yet have binding targets. 7 Data from Williams et al (2007) African and
the Global Carbon cycle. Carbon balance and management 2: 3.
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Soil Carbon

Box 1.1

Organic carbon is generally found though distributed throughout the soil profile, and though the quantity
diminishes with depth, nevertheless the amount of soil carbon reported is strongly linked to the depth of
sampling. In general, most of the carbon which is affected by any land-use change is likely to be found in the top
1m and so this is a reasonable depth for calculations. However, where soil data have been collected to examine
soil fertility it is common to measure only to 30 or 40 cm as most of the available soil nutrients in tropical forests
tend to be found at this depth, while other studies look at carbon to much greater depths.
If total soil carbon is calculated only for the top 30-40 cm this will give a very different result from a calculation
of quantities of carbon to a depth of 1 m (and further differences appear if depths greater than this are used).
Therefore, the depth of soil used when calculating soil carbon is crucial. The most commonly referenced macrolevel source of information for soil carbon content is Ruesch and Gibbs (2008). This study estimated carbon
stocks in soil to a depth of 1m.
A further critical factor to consider is the proportion of soil carbon that is likely to be released under a given land
use scenario (the labile soil carbon component). Terrestrial Carbon Group used the Ruesch and Gibbs (2008) data
and assumed the labile fraction of these was 25% based on information in the literature.

Forests and forest cover in Africa
The African continent contains 635 million hectares
of forests which account for 21.4% of its land area.
Tropical Africa8 contains about 580 M ha of the total
forest in Africa and accounts for about 36% of global
tropical forests (see Table 1.3). The total forest area is
distributed among many countries with the Democratic

Republic of the Congo (DRC) having by far the largest
area (see Figure 1.3). However, this forest is divided into
different types, with tropical Africa containing large
areas of dry forest and scrub, as well as moist forest.
WCMC mapped forest cover for Africa in 1997. The
extent of forest cover by different forest type is shown
in Figure 1.3 and the distribution of each type can be
seen in Figure 1.5.
Table 1.3

Forest cover (M ha)
Total global forest cover (FAO)

3952

Total tropical forest cover (FAO)

1760

Total African forest cover (CDIAC)

635
Figure 1.3
Forest area by
country for
tropical Africa.
(Million ha)
Source: FAO
2009

8
This study considered forest cover and land use in Tropical Africa, which is defined using the same system as the Woods Hole Research Centre: 41 countries having
a total area of 22.7illion km2. The countries included are Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic, Chad,
Congo, Democratic Republic of Congo, Equatorial Guinea, Ethiopia, Djibouti, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Ivory Coast, Kenya, Liberia, Madagascar,
Malawi, Mali, Mauritania, Mozambique, Namibia, Niger, Nigeria, Rwanda, Senegal, Sierra Leone, Somalia, Sudan, Tanzania, Togo, Uganda, Zaire, Zambia and Zimbabwe.
As defined here Tropical Africa does not include countries in Mediterranean and Southern Africa (i.e., Egypt, Libya, Tunisia, Algeria, Morocco, Western Sahara, South
Africa, Lesotho, and Swaziland).
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Figure 1.4
Vegetation
cover in Africa
in 2000 (Global
Vegetation
Cover map)

Figure 1.5
African forest
cover extent
by forest
type (million
ha) Source:
Iremonger et al
(1997)9 WCMC.

Iremonger, S., C. Ravilious and T. Quinton (1997.). A statistical analysis of global forest conservation. In: Iremonger, S., C. Ravilious and T. Quinton (Eds.) A global
overview of forest conservation. Including: GIS files of forests and protected areas, version 2. CD-ROM. CIFOR and WCMC, Cambridge, U.K.
9
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Within tropical Africa, forest ecosystems can hold
250-300 tonnes of carbon per ha in biomass and soil
combined. However, the amount of carbon stored
varies according to the type of forest. Permanently
moist or humid evergreen forest generally stores more
carbon than dry or seasonally dry forest. Furthermore,
grasslands and savannah also store carbon. Thus the
terrestrial carbon stock is strongly dependent on the
biome type. As an example, DRC has the largest area
of ‘forest’ at 133 M ha. However, as shown in Figure
1.5, only just over half of the forests of DRC are in the
category of lowland moist forests. The remaining area
is made up of dry forest and treed savannah.

3.5

The classification of land uses is a major potential
source of error when trying to calculate average
values from studies in different ecological contexts.
However, the major source of variation in quoted
average figures is the extent to which soil carbon is
considered. Houghton and Hackler (2006) is one of
the key references for this report, and many other
land-use change studies. They modelled carbon flux
from different forest types following conversion to
agriculture. Their average values for different
intact (pre-disturbance) forest types are shown in
Figure 1.7 below.

Dense moist forest
Degraded forest

15.7

Dry forest
Agriculture and savannah crop mosiac
41.3

Grassland

Figure 1.6
Percentage
breakdown of
land cover for
DRC. Data from
Vavcutsem et al
(2009)10

Other

14.8

12.1
12.6

Original biomass

350

Original soil

300

Rainforest

250

200

Figure 1.7
Average total
ecosystem
carbon for
different forest
types in Africa.
Source Houghton
and Hackler
(2006)

Moist forest

150

100
50

Dry forest

Shrubland

0
Vavcutsem C, Pekel J, Evrard C, Malaisse F, and Defourny P (2009) Mapping and characterizing the vegetation types of the Democratic Republic of Congo using SPOT
VEGETATION time series Int J of Appl Earth Obs and Geoinformation 11 62–76.
10
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These average figures are based on estimates to 1m
soil depth. There remains uncertainty as to how much
of the soil carbon could be considered ‘labile’ (see Box
1.1). It is important to ensure consistency in the way
soil carbon values are compared. There is a difference
between studies attempting to quantify total soil
carbon, and those seeking to determine how much soil
carbon is emitted when land-use changes. The latter
is the more relevant measure when considering land
use interventions, but, as we discuss in section 2, there
are very few studies that have quantified this in African
ecosystems.

Forest loss and deforestation in Africa
Forests are a major component of terrestrial carbon
stocks in tropical Africa. Much of the continent is
covered by dry and semi-arid scrubland, and desert
which stores far less carbon overall despite the large
areas of coverage. Furthermore, tropical forests and,
more specifically, carbon emissions as a result of
deforestation and forest degradation are now central to
the ongoing discussions on addressing climate change.
However, in practice estimates of carbon emissions
from forests are seldom the result of direct
measurement. Rather they are calculated by looking
at rates of forest degradation and loss and then
multiplying this by the estimated amount of carbon
per area of forest. Therefore, information on forest
degradation and loss is crucial to understanding
carbon.
Tree Nursery,
Kenya
cc Excellent
Development

There are parts of West and East Africa where the
evidence of forest loss is clear. In western Africa,
such as in western and eastern regions of Nigeria and
the Accra plains in Ghana, deforestation has led to
increases in derived savannas because of a decline in
soil fertility as a consequence of intensive cultivation,
annual bush burning and overgrazing (Vagen et al
2005).
However, there are also studies that suggest the
estimates of recent deforestation in West Africa and
degradation of woodlands are highly exaggerated, and
to some extent built on myths and misconceptions
about historical land use and land-use change (Vagen
et al. 2005). For example, there is now evidence from
the Congo basin that very large areas of what was
considered ‘pristine’ tropical rainforest, was cultivated
savannah land within the last 2000 years (Lee White
pers. comm. and Ref11). In fact we are only just
beginning to uncover the palaeobotanical history of
Africa’s forest lands, and it is highly likely that the area
and distribution of forest lands has shifted considerably
over this period.
In more recent years (since the publishing of the United
Nations Food and Agriculture Organization (FAO) Forest
Resource Assessment12 (FRA) in 2001), there has been
a re-evaluation of rates of deforestation, leading to a
general reduction of the suggested rates of forest loss.
In 2001, FAO estimated annual rates of change in forest
area (deforestation minus afforestation) for humid,
sub-humid and semi-arid sub-Saharan Africa (SSA) at
5.2 M ha per year (FAO, 2001). The more recent FAO
figures for the period 2000-2005 put the annual extent
of forest loss at 3.8 M ha per year (FAO 2009). However,
this could be compared to 0.376 Mha per year reported
by DeFries et al (2002).
Houghton and Hackler (2006) compared potential (predisturbance) forest areas with the areas present in 1850
and 2000. They suggested that 60% of Africa’s forests
were lost before 1850 and an additional 10% lost in the
last 150 years.

White, Lee J. T. “The African Rain Forest: Climate and Vegetation.” in eds. W. Weber, L. White, A. Vedder, and L. Naughton-Treves, African Rain Forest Ecology and
Conservation: An Interdisciplinary Perspective. New Haven: Yale University Press, 2001. 12 The FRA is a regular review from FAO that collects global, country level data
on forest cover and rates of forest loss. FAO has been monitoring the world’s forests at 5 to 10 year intervals since 1946
11
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Nevertheless, according to Houghton and Hackler,
the last 150 years have seen the forest area in tropical
Africa reduced from around 800 M ha to less than 650
M ha. This suggests an average deforestation rate of
1M ha per year, which puts the estimate somewhere in
the middle of the range of estimates in the scientific
literature.
The FAO revised its estimates of deforestation
down after 2000, in the light of increasingly reliable
estimates of forest cover derived in part from satellite
imagery, and an increased ability to ground-check the
national self declaration data submitted by country

governments. Nevertheless, of the four deforestation
rates listed in table 1.5, only the DRC figures were
significantly reduced. Rates of forest loss in both
Cameroon and Tanzania were actually revised upwards.
It should not be overlooked that remote sensing and
the analysis of satellite imaging do not provide simple
answers. Hannerz and Lotsch (2006)13 compared
estimates of land cover derived from satellite image
analysis with statistics from the FAO database. They
found considerable variation in the results from the
remote sensing studies, and between these and the
FAO data.

Table 1.4

FAO Data on forest loss from selected tropical Africa countries (FAO 2009)
Country

% of land area

Area loss (2000-2005) (000 ha)

133,610

58.9

319

Cameroon

21,245

45.6

220

Tanzania

35,257

39.9

412

5,517

24.2

115

DRC

Ghana

13

Forest area 2005 (000 ha)

Hannerz F & Lotsch A, 2006. Assessment of land use and cropland inventories for Africa. CEEPA Discussion Paper No. 22.
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Table 1.5

Estimated deforestation rates in 1990-2000 and 2000-2005 (FAO 2009)
Country

% area loss (1990-2000)

% area loss (2000-2005)

DRC

0.4

0.2

Cameroon

0.9

1

Tanzania

1

1.1

Ghana

2

2

Figure 1.9
Comparison
of estimates
of agricultural
land area in
four different
countries
derived from
five different
remote sensing
approaches, and
compared with
FAO figures.
(Source Hannerz
and Lotsch 2006)

To provide an example of the implications of changes
in the rate of deforestation, Figure 1.10 shows the
projected loss of forest area under four different
percentage deforestation scenarios. Under the worst
case scenario described here, (deforestation at 0.4%
area per year) forest cover in DRC would decline from
133M ha to 111M ha by 2050.
There remains much debate about the drivers of
forest loss, and the results of deforestation with
respect to terrestrial carbon. What is clear is that the
measurement of forest clearance depends strongly
on the definition of the subsequent land use. Even
within FAO, there are different approaches taken to
measure this. FAO’s Forest Resource Assessment
considers forest conversion to shifting agriculture to be
deforestation, while the FAOSTAT database does not.

In 1993 FAO estimated only 16% of the change in forest
area between 1980 and 1990 was accounted for by the
establishment of permanent crop lands (FAO 1993). The
remainder was the conversion of forest to short and
long fallow (shifting) agriculture.
This has major implications for the calculation of
carbon emissions, as a major portion of emissions
from conversion to shifting agricultural lands will be
re-sequestered as tree cover re-establishes itself on
cropland that has passed out of use. However, if land
use intensifies, tree cover may not be re-established,
and the loss of carbon becomes permanent. The
problem is that this change may take place over many
years and is extremely difficult to measure at national
or regional scales.
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Figure 1.10
Projected
deforestation in
DRC until 2050
under different
percentage rates
of annual forest
loss. Projections
based on forest
cover figures in
2005 (FAO 2009)

1.2 Carbon emissions and land-use
change
The rate of change of atmospheric CO2 reflects the
balance between anthropogenic carbon emissions
and the dynamics of a number of terrestrial and ocean
processes that remove or emit CO2. A generally cited
figure is that global emissions from land-use change
are around 1.5 Gt C per year14. This is the basis for the
suggestion that land-use change (and predominantly
deforestation) contributes around 20% of global C
emissions (1.5 of a total of 8 Gt C per year).

However, these figures are self reported and generally
considered to be fairly inaccurate, to some extent at
least illustrating the difficulty of obtaining reliable
continent-wide data on land use related emissions in
this way.

However, the extent to which land-use change plays a
role in carbon emissions is hotly debated, particularly
in Africa. Africa contributes a disproportionately
small fraction of the total global carbon emissions.
For example, during the 1990s fossil fuel emissions
from Africa were only 3% of global fossil fuel related
emissions (Williams et al 2007). Furthermore, UNFCCC
data15 suggest that land-use change in tropical
Africa does not add significantly to these emissions,
indicating that overall there are no net emissions from
land-use change in tropical Africa. The UNFCCC figures
for selected tropical African countries are shown in
Figure 1.11.

14
15

See for example CDIAC: http://cdiac.ornl.gov/trends/landuse/houghton/houghton.html.
UNFCCC FCCC/SBI/2005/18/Add.2 25th October 2005

Moist tropical
forest, Gabon
cc Alex Rouvin
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Figure 1.11
Country level
emissions and
sequestration
data for tropical
Africa, showing
wide variation
in self-reported
land-use changerelated emissions
(Source: UNFCCC
emissions data
for tropical
African
countries (FCCC/
SBI/2005/18/
Add.2)) million
tonnes of CO2
equivalent.

There are five key papers in the scientific literature
which have tried to make better estimates of the actual
situation:
•

DeFries et al 200216

•

Houghton and Hackler 200617

•

Williams et al 200718

•

Canadell et al 200719, and Canadell et al 200920

The arguments are briefly summarised below:
DeFries et al studied rates of deforestation using
satellite imagery. Their results indicated that previous
FAO/FRA estimations of deforestation had been
high. They estimated that Africa was a net emitter of
approximately 0.1 Gt C per year from land- use change.
This study compliments work by Achard et al (2004)21
that revised down earlier estimates of emissions from
deforestation in the tropics.

Houghton and Hackler (2006) considered land-use
change in Africa, and modelled the impacts of different
types of land-use change and compared this with
FAO and FRA reported data. By comparing various
estimates of change, they arrived at an annual average
net emission of 0.287 Gt C per year, 90% of which was
attributable to deforestation.
Williams et al (2007) notes that ‘Deforestation is the
largest term in current assessments of tropical land use
emissions, with Africa contributing 25% to 35% of total
tropical land clearing from deforestation, and as much
as 0.37 Gt C per year, in the last decades’. However,
they explain that these emissions do not show up in
atmospheric measurements of carbon dioxide made by
satellite. They hypothesise that emissions from landuse change and biomass burning (which they estimate
to be around 0.4 Gt per year) must be compensated by
biotic uptake and sequestration.

DeFries R, Houghton R, Hansen M, Field C Skole D, and Townshend J (2002) Carbon emissions from tropical deforestation and regrowth based
on satellite observations from the 1980s and 1990s. PNAS 99 (22) 14256-14261
17
Houghton R and Hackler J (2006) Emissions of Carbon from land-use change in Sub-Saharan Africa. J of Geophysical Research 111 G02003
18
Williams C, Hanan N, Neff J, Scholes R, Berry J, Denning AS, and Baker D (2007) African and the global carbon cycle. Carbon balance and
management 2 (3)
19
Canadell J, Le Quere C, Raupach M, Field C, Buitenhuis E, Ciais P, Conway T, Gillett N, Houghton R and Marland G (2007) Contributions to
accelerating atmospheric CO2 growth from economic activity, carbon intensity and efficiency of natural sinks. PNAS 20 (104) 18866-18870
20
Canadell J, Raupach M and Houghton R, (2009) Anthropogenic CO2 emissions in Africa. Biogeosciences 6 463-468
21
Achard F, Hugh D, Mayaux P, Stibig H, and Belward A (2004) Improved estimates of net carbon emissions from land cover change in the
tropics Global biogeochemical cycles 18 GB2008
16
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Finally, Canadell et al (2007 and 2009) suggest that
the observed increase in atmospheric carbon dioxide
concentrations must be a result of, first, increased
fossil fuel emissions and, second, a decrease in the
efficiency of sequestration in sinks. They suggest that
global emissions from land-use change averaged 1.6 Gt
C per year during the 1990s, and Africa’s contribution
to this was 0.24 Gt C per year (about 15% of the total).
This resulted from work modelling land-use change
emissions based on data sets of overall forest loss.
This avoids variation from country self reporting, but
is also prone to complexities and uncertainty. This is
due to the difficulties in quantification of deforestation
and re-growth rates, initial biomass and the fate of the
carbon. It is also due to the difficulties in observing an
actual emissions signal in the atmosphere.
Canadell et al used figures from the Energy Information
Administration for fossil fuel emissions, and calculated
likely emissions from land-use change using a bookkeeping model. They suggested that Africa emitted
around 0.5 Gt C per year, of which half was emissions
from land-use change. Not surprisingly the numbers for
individual country emissions are substantially different.
Strikingly, in Canadell et al (2009), DRC is reported to
be a net emitter of around 0.040 Gt C per year.
Thus, Houghton and co-workers have used a bookkeeping model to account for carbon emissions, based
on data for deforestation and land-use change. They
suggest a significant net emission of carbon dioxide
into the atmosphere. On the other hand, Williams et
al do not observe this carbon dioxide signal in the

atmosphere. Although they acknowledge that there are
large uncertainties in the measurements, they conclude
that the carbon emitted from land-use change must be
sequestered in re-growing vegetation, and that Africa
is, to all intents and purposes, carbon neutral.
Regarding the uncertainty over a detectable emissions
signal from land-use change, in 2001, Zhang and
Justice22 wrote that, based on their estimates of
land-use change, it appeared that global tropical
deforestation was contributing between 1.6 and
2.4 Gt C per year. Therefore deforestation must be
contributing very substantially to global emissions
“unless the assumption about the steady state condition
of the carbon budget of mature tropical forests is
greatly challenged”.
Recently Lewis et al (2009) have suggested that mature
tropical forests are indeed sequestering carbon at
significant rates, and that the steady state assumption
is wrong. They estimated that old growth African
tropical forests were sequestering approximately 0.34
Gt C per year, which is clearly sufficient to sequester
the emissions from land-use change calculated by
Houghton et al.
In conclusion, there remains considerable uncertainty
at a macro-level about what is happening to carbon in
Africa’s forests. While this has significant implications
for policy at a national and regional level, it is less
relevant at a sub-national or project level since it is also
clear that there are certain types of land-use change
which unquestionably have an impact on terrestrial
carbon.
Matrix of
agricultural
lands converted
from previously
forested areas,
Burundi
cc Jane Boles

22

Zhang Q and Justice C, (2001) Carbon emissions and sequestration potential of central African ecosystems Ambio 30 (6) 351-355
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2 REVIEW OF THE UNDERLYING DATA ON
TERRESTRIAL CARBON IN AFRICA
This section considers the availability of primary data
on carbon stocks that can be used to support land use
based models of carbon emissions or sequestration.

2.1 Systematic review of the published
literature
The data on stocks and sequestration presented in
this report are the result of a systematic review of the
published literature on carbon stocks and sequestration
in Africa. The information presented in this section
is based on data reviewed in September 2009. The
methodology was based on the approach developed
by the Cochrane Collaboration (www.cochrane.org)
for evidence-based medicine. The literature databases
used were:
•

Web of Knowledge

•

Scopus

•

CABI Forest Science

Search terms used were: carbon, sequestration, land
use/land-use, Africa, quantif*, tropical. These were
used independently and in all combinations. For
example, ’carbon AND sequestration AND Africa’
Additional searches were specifically carried out for
literature relating to woodfuel, extractive industries,
infrastructure, reduced impact logging.
•

The total number of references assessed was 8265

•

The total number of references included in the final
library was 2283

Where studies included quantitative data on stocks
sequestration or emissions, these data points were
compiled into an Excel database. The data points used
were from individual quantitative measurements (e.g.
of soil carbon in a particular forest type).
The carbon stock measurements drawn from the
literature did not re-sample average figures used in
overview reports, or models of carbon flows or fluxes
(such as the work by Canadell et al (2009) or the
Terrestrial Carbon Group). Nevertheless, Annex 1 of

this report contains the reference list of articles citing
relevant carbon modelling research work.
In the database the data points were recorded along
with all relevant land use, location and measurement
details, (e.g. country, land use type, carbon pools
measured and authorship and reference details). Where
studies recorded rates of carbon accumulation, rather
than just stock values, these were recorded separately
along with the time period over which the accumulation
was measured.
The data points were then amalgamated into summary
sheets and classified by land use (e.g. plantation forest,
natural forest), and by carbon pool (carbon in soil,
carbon in biomass, total carbon) and divided according
to three global regions:
•

Temperate

•

Tropical Africa

•

Tropical not Africa

These summary tables were then used to calculate
averages, maximum and minimum values and standard
errors for each land use type in each global region.
Discussion points and more information relating
to land use interventions were drawn out from the
literature. This information was used to compile an
overview of the state of scientific published knowledge
on the effects and implications of different land use
interventions in Africa. A summary of the relevant
points is contained in Section 3.

2.2 Commentary on data availability from
the literature
We have used a categorisation of land use by
which to evaluate the carbon stocks and content
figures presented in the literature. The land use
categorisation is shown in Table 2.1. Using these land
use categorisations we can comment on the number of
data points presented against each one for studies in
tropical Africa.
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Carbon stocks
The table below shows the total number of data points drawn from the literature for the measurement of carbon
stocks in the different carbon pools.
Number of data points recovered from the literature for carbon measurements in different land use categories
Code

Major classification

No of data points
Soil carbon

Biomass carbon

Total carbon

1

Dry intact forest

5

3

5

2

Dry degraded forest

0

0

2

3

Moist intact forest

14

15

14

4

Moist degraded forest

0

0

1

5

Dry plantation forest

9

0

4

6

Wet plantation forest

7

Annual agriculture

8

Perennial agriculture

9

Mixed systems

10

Improved agriculture

11

Agriculture on cleared forest

12
13
14

Dry lands, grassland, savannah & shrub land

2

8

0

36

0

1

1

1

(1)

10

2

2

26

0

0

0

0

0

Pasture

3

0

0

Silvo-pasture

0

0

0

29

7

2

135

36

32

Totals

Note: these numbers do not include studies that
measured only biomass without converting the figures
to carbon values. There were a further 31 data points
for biomass content measurements, 18 of which were
from forest or plantation ecosystems.

It is worth noting that the literature review uncovered
no studies that had measured carbon stocks
specifically in peatlands or wetlands in Africa, biomass
or biofuel plantations in Africa, or mining and
infrastructure projects in Africa.

Using the results in Table 2.1 (above) it is possible
to see that most studies have focused on the
measurement of soil carbon. However, the data have
been assigned to different land use classes and some
categorisations may be inappropriate. For example,
the table shows that only one study reported carbon
stock data from perennial agricultural crops in tropical
Africa. Many of the studies reviewed may have included
perennial crops under mixed/agroforestry systems.
Some perennial crop systems have may also been
classified as plantations.

Accumulation and sequestration data
The data base contains somewhat more limited data
on carbon sequestration. Table 2.2 gives an overview
of the data coverage. Total number of data points
obtained for sequestration rates was 96, of which only
5 are from natural forest. These can be further broken
down into studies measuring biomass or measuring
carbon, and studies measuring accumulation in
different carbon pools.

Table 2.1
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Table 2.2

Number of studies measuring carbon sequestration rates for different land uses in tropical
Africa
Land use and code
Natural forests (3,4)

No. of data points
5

Plantations (5,6)

33

Annual agriculture (7)

11

Mixed systems (9)

17

Improved agriculture (10)

19

Pasture (12)
Grassland and savannah (14)
Totals

2.3 Limitations of the data
Overall number of studies
While there is a large body of scientific literature
reporting measurements of carbon, it is important
to distinguish clearly between carbon content
measurements and biomass measurements, and
between measurements of content and measurements
of the rate of carbon accumulation. The database
includes studies of all types, but the overall number of
studies in any one category may be small.

Few studies using inconsistent methods
Average values need to be calculated from
measurements that were derived in similar ways.
However, the coverage of data is patchy with respect
to studies using similar methods to compare values.
This can be shown by filtering the database to show
values for certain aspects. For example there were
578 individual data points for carbon values in tropical
Africa. Of these, 176 were specific to forests, 63 of
which included measurements of soil carbon. In all, 21
of these data points were measurements of soil carbon
to 30cm depth (the others including measurements
up to 1m depth or without specifying soil depth
measured). All but two of these measurements were
taken from plantations, so there were only two data
points for soil carbon to 30cm depth in tropical African
natural forest ecosystems.

2
9
96

For measurements of total ecosystem carbon for
forests in tropical Africa there were 18 data points of
which 10 were for undisturbed natural forest.

Uncertainties in classification
We classified data by different land use categories
(as shown in Table 2.1) in order to standardise
comparisons. However, the initial classification of
the data into land use categories introduces some
error. We used terms such as ‘dry forest’, ‘wet forest’,
‘agriculture’ or ‘pasture’ but this inevitably involves
some interpretation of the land use or land cover type
where the original measurements were taken.

2.4 Forest and plantation values
Figure 2.3 shows figures for total ecosystem carbon,
i.e. numbers taken from those studies that measured
both biomass carbon and soil carbon; with soil
measurements to a depth of 30cm. Figures for
temperate forest ecosystems and plantations are
included here for comparison. The number of studies
that is the basis for these average figures is shown in
Table 2.3. No data are shown here for those land uses
for which no total ecosystem carbon measurements
were found in the literature survey.
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Table 2.3

Mean values (with error) for total carbon stocks of different forest types in tropical Africa (t C per ha).
Temperate forest values are included for comparison
Forest type

Mean

Std Dev

Std Err

Trop moist intact forest

240

87.8

20.70

Trop moist degraded forest

113

7.1

7.09

Trop dry intact forest

251

43.2

17.65

Trop dry plantation forest

158

24.1

12.03

Temp moist intact forest

147

80.96

21.64

Temp moist degraded forest

87

16.77

9.68

Temp dry plantation forest

120

31.98

12.09

The number of data points on which these values are
based is shown in Figure 2.1 (below). There is a chronic
lack of primary data on carbon stocks in degraded
forest ecosystems. Only one study for tropical Africa is
cited in the literature database.
The mean values for dry forest appear on the high
side of what would be expected. This appears to be

a consequence of bias induced by the small number
of studies. When the mean values are compared with
the maximum values recorded for the different forest
types, one can see the potential range of carbon
values. Maximum values recorded for moist forest
ecosystems are higher than those recorded for dry
forests, as would be expected.

Figure 2.1
The number
of data points
recovered from
the scientific
literature for
total ecosystem
carbon
measurements
in each of the
forest land use
classifications

Comparison of average and maximum total ecosystem carbon values drawn from the literature review
(t C per ha)
Forest type

Mean value

Max value

Trop moist intact

240

680

Trop moist degraded

113

113

Trop dry intact

251

440

Trop dry plantation

158

280

Table 2.4
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Figure 2.2
Mean and
maximum total
ecosystem
carbon values
for different
tropical African
forest types (t
C per ha) based
on samples
recovered from
the literature
database

2.5 Grassland and savannah ecosystems

2.6 Agricultural systems

This category includes improved and ‘natural’
grassland, intensive and extensive grazing lands (i.e.
both pastures and rough grazing land). Levels of aboveground biomass are obviously much lower than for
forest ecosystems. Pasture lands are likely to have only
3-5 tonnes per ha of carbon stored in above-ground
biomass, with perhaps the same amount in roots.

In this section agricultural systems include annual and
perennial crops, and mixed (agroforestry) systems. No
data points were recovered for perennial agriculture
systems in Africa. However, some of these systems may
have been classified in the literature as agroforestry
systems or plantation crops. Table 2.5 below shows
a comparison of total ecosystem carbon values for
annual and agroforestry systems in Africa. An average
value for perennial crop systems (not Africa) is included
for comparison.

Clearly therefore, the amount of soil carbon is
the determining factor in the role of grasslands
in terrestrial carbon fluxes. Again, the depth of
measurement of soil can have a very significant impact
on the apparent amount of carbon stored in these
systems. For the data used here, we have included only
studies that measured soil carbon to a depth of 30cm.
The average figure was 64 +/- 6.3 t C per ha. (n=10)
(See Table 2.5 below).

Table 2.5

Mean values (with error) for total carbon stocks of different agricultural land uses in tropical Africa (t C per ha)
Land use

Mean

Std Dev

Std Err

Grassland/savannah

64

19.9

6.29

Annual agriculture

69

15.5

6.31

Perennial agriculture (not Africa)

76

11.0

6.50

Agroforestry/Mixed systems

95

29.4

8.88
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The figure given here for agriculture is skewed upwards
due to one unusually high figure reported for cassava
cultivation in Cameroon (230 t C per ha). Such a high
value is likely to be the result of the inclusion of large
amounts of residual forest biomass (e.g. following slash
and burn). Note that without this value the average
figure is 36.7 t C per ha.
The number of data points taken from the literature is
shown in Figure 2.3 (below). These figures are based
on data from studies that measured total ecosystem
carbon only (as for forestry and plantation land uses
reported above).

2.7 Summary
The primary data reviewed for this report show average
values for land uses and interventions in Africa are
often built on scarce data points. 14 data points for
intact moist tropical forest in tropical Africa is less than
one study for every two countries. This is far too few on
which to base calculations of average values across the
continent.
To put this in context, the UK Forestry Commission
carries out a regular assessment of woodlands in
the UK to collect size, distribution, composition and
condition of Britain’s woodlands. This assessment is

used as the basis for national estimates of woodland
cover and condition. The survey is based on over
15,000 one-hectare plots of woodland across England,
Scotland and Wales, and on a vegetation classification
scheme that itself is built on over 35,000 vegetation
samples.
Reviews of medical treatments carried out by the
Cochrane Collaboration have made use of an average
of 4954 data points per specific medical complaint23 .
While it is possible to construct average values for
different forest types from the African literature
database we have compiled, it is essential to be aware
of the limitations of the underlying data. While many
studies have been carried out, these studies:
•

Are geographically widespread

•

Have measured different aspects (e.g. aboveground
biomass, not soil carbon) and

•

Have used different methods for compiling overall
estimates

In fact, the variation in the data may be more important
than the average figures. It shows the extent of
variation between ecosystems and between different
studies.

Figure 2.3
The number
of data points
recovered from
the scientific
literature for
total ecosystem
carbon
measurements
(t C per ha) in
each of the
agricultural land
use categories
for which data
were available.

23

Data analysis based on 76 new reviews from The Cochrane Library, Issue 4, 2009
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3 INTERVENTIONS AND THEIR EFFECTS
This section discusses the main types of interventions
possible in each major land use category and describes
the consequences of these for the carbon stocks or
rated of accumulation. The commentary is derived from
the literature survey.
Under the general heading, ‘forests’, we discuss the
following aspects:

State of knowledge
In terms of area coverage, industrial logging
concessions probably cover more land than other land
uses in the moist forest biome of tropical Africa. While
it is true that much of this area is fallow in any given
year, it suggests that modifications to the way industrial
logging is carried out could have major implications for
carbon emissions reductions.

Measures to reduce the intensity of timber
harvesting (or reduce damage and wasted timber)
through interventions or approaches such as
reduced impact logging

•

Community forestry and joint (participatory) forest
management

The carbon-related impacts of logging are principally
dependent on three factors:

•

The protection of forest, and the recovery and regrowth of secondary forests

•

Respect for legally prescribed cutting limits

•

The establishment of timber plantations

•

The amount of forest set aside in conservation areas

•

The collection of fuel wood and its impact on forest
carbon

•

The implementation of reduced impact logging
techniques

Under the general heading, ‘agriculture’, we discuss
measures to promote carbon storage in soil and
biomass by changing cultivation practices. This includes
reducing soil disturbance and the application of mineral
fertilizers. It also includes the use of tree crops in an
agricultural setting.

cc Proforest

Industrial logging

•

Under the general heading, ‘pasture’, we discuss the
possible interventions in grassland ecosystems and
land-uses involving grazing land.

Industrial timber
logging on a
forest plantation,
Ghana

3.1 Forests

Much of the literature on commercial logging focuses
on the implementation of reduced impact logging (RIL)
techniques. However, the opportunities for carbon
savings from RIL appear more limited in Africa than
they do in South East Asia and Brazil. In Africa, the
difference in carbon stocks and sequestration potential
between the ‘business as usual approach’ and the ‘best
practice approach’ is smaller in Central Africa than in
South-East Asia or South America.
In studies of dipterocarp forest in the Philippines,
unlogged forests had mean C stocks of 258 tonnes of
C per hectare, of which 34% was in soil organic carbon
(SOC). After logging using conventional silviculture,
above-ground C stocks declined by about 50% (100
tonnes C ha-1) (Lasco et al. 2006).
The figures for carbon savings from improved forest
management in South East Asian forests such as these
are particularly striking. Putz et al (2008, and earlier
studies24) have shown that the loss of above-ground
biomass can be reduced through the practice of
reduced impact logging (RIL). Overall, where RIL was
practised, the loss C was reduced by about 30 tonnes
per ha. In the best cases there is a net carbon ‘saving’
of about 30% of the carbon that would have been
emitted under conventional logging.

For example Palace M, Keller M, Asner G, Natalino J, Silva M and Passos C (2007) Necromass in undisturbed and logged forests in the Brazilian Amazon. Forest
Ecology and Management 238 309–318
24
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Figure 3.1
A diagrammatic
representation
of the carbon
balance of
conventional
logging (CL) and
reduced impact
logging (RIL).
Under RIL, less
carbon is lost
from the forest
during logging
and carbon
stocks recover
more quickly
towards prelogging levels.

South-East Asian forests have high densities of
commercial species, and conventional logging in these
forests is particularly destructive. In South East Asia,
better planning of harvesting operations and more
careful felling can dramatically reduce damage to
the residual stand, maintaining more above ground
biomass but also speeding the recovery and re-growth
of the forest.
However, in central African forests, the density of
valuable timber species is much lower, and the levels
of damage from timber extraction correspondingly
reduced. In most central African forests harvest
levels are around 1-3 trees per ha (compared with
10-15 in rich South East Asian dipterocarp forest). As
a result, in Africa it is normal practice to plan access
and extraction routes for felled trees, while in Asia
extraction costs are proportionately less of the value of
the timber yield, and savings are less important.
As a result the scope for emission reductions from
implementing improved logging practices in these
forests is much more limited. The difference between
carbon emitted under conventional logging and carbon
emitted under reduced impact logging will be less
significant on a global scale.

25

Nevertheless, the benefits of improved silviculture
(through RIL) in Africa should not be discounted.
Companies follow these practices because they increase
the efficient use of machinery, reduce fuel costs and
reduce the wastage of timber through better recovery
of cut logs. These economic benefits can clearly
translate into carbon emissions avoided, although no
studies have attempted to quantify these effects in
African conditions.
Furthermore, it should be noted that the studies of Putz
et al and others have compared forestry operations
that follow legally prescribed felling limits. While it is
certainly true that legally prescribed rates of timber
extraction are low in Central Africa, it is also true that
actual harvests often far exceed legal limits. (See for
example Smith and Applegate (2004)25
Companies frequently harvest over quota, under
diameter and/or obtain additional volumes from
outside legally permitted areas. In addition, the rate
of turnover in concession ownership can be very high.
Instead of the legally prescribed rotation minimum of
20 years small forest permits in Gabon are regularly
turned over every 3-4 years. While this process is
technically illegal it means that much of the forest
estate is subjected to timber harvesting at much higher
rates than are deemed sustainable.

Smith J and Applegate G (2004) Could payments for forest carbon contribute to improved tropical forest management? Forest Policy and Economics 6 153–167
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Implications
In tropical Africa, the carbon sequestration benefits of
reduced impact logging alone are marginal. However,
the carbon saving from increased law enforcement
could be very substantial. The effective enforcement of
sustainable harvesting limits and protected forest areas
through the application of forest laws would lead to a
far greater carbon saving over the business as usual
scenario. However, due to the clandestine nature of
much illegal forestry activity, there is very little reliable
information about the extent of the problem. We are,
therefore, a very long way from being able to quantify
the possible magnitude of these carbon savings.

Community forestry
State of knowledge
Many tropical African countries have substantial areas
of forest outside the industrial timber concession
estate. These areas are often not subjected to any
formal forest management. In Tanzania, where much
forest is under open-access ownership patterns, there
have been observed declines in forest quality due to
over-use (Blomley et al 2008)26 . Similarly, in Gabon,
Cameroon and Ghana, where extra-concession lands
are substantial, governments have been slow to
develop effective regulation of timber harvesting.
There is considerable interest in promoting communitybased or participatory forest management (CFM or
PFM) systems in these countries. Community forestry
approaches devolve forest management control and
responsibility to the local community. This gives local
people responsibility for timber harvesting that occurs
in these lands and a direct stake in the benefits that
the forest provides. There is now some evidence of
the effectiveness of this approach in Tanzania where
community forestry policy is most advanced. Blomley et
al (2008) show an increase in basal area and standing
volume in community forestry and joint community and
government managed areas compared with the state
forest lands and open access areas.

continued demand for fuel wood) that have not been
assessed.
The success of CFM in Tanzania is also likely to be
related to the high rates of forest loss and rapidly
growing population pressure. The effects of forest loss
and particularly the loss of environmental goods and
services (such as fuel wood) are very obvious to rural
communities.
In the moist tropical zone (e.g. Cameroon, Gabon) the
baseline conditions are different. Population pressure
is lower relative to the abundance of forest resources,
meaning that the environmental service value of
forest land is lower in the eyes of the people. The
environmental service benefits of forest, being less
keenly felt by local people, have not been emphasised
in community forestry policy. As a result, in Cameroon
and Gabon, CFM is promoted as a way of engaging
communities with logging and the timber sector.
However, when considering timber value alone, the
marginal benefits of CFM are less evident. In Gabon,
communities have limited incentives to engage in
forest management themselves, when the alternative of
leasing logging rights to timber exporting companies
delivers rapid cash payments to villagers.

Protection, restoration and regeneration
Forest protection
Forest protection, or the maintenance of forest in
strictly protected areas, remains an effective way to
conserve the forest biodiversity and forest carbon in
that specific location. The protection of forests against
logging and conversion to agriculture has always been
thought of only as a way of reducing emissions.
Lewis (2009)27 has shown that mature forests in Africa
are accumulating carbon in above-ground biomass
at significant rates (approximately 0.6 t/ha/yr). This
suggests that the protection of mature forests can have
an on-going sequestration benefit.

Implications
Blomley et al (2008) translated into carbon
sequestration values. Also, care should be taken in
drawing conclusions about carbon savings due to
possible leakage effects (for example due to the

Blomley T, Pfliegner K, Isango J , Zahabu E, Ahrends A, and Burgess N. (2008) Seeing the wood for the trees: an assessment of the impact of participatory forest
management on forest condition in Tanzania Oryx, 42(3), 380–39. 27 Lewis, S. L. (2009) Increasing carbon storage in intact African tropical forests. Nature (London)
457:1003-1006.
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Recovery following clearance
Houghton and Hackler (2006) used values for carbon
accumulation following disturbance to different forest
types in their book-keeping model. They used the
literature to determine average pre-disturbance carbon
stocks for rainforest, moist forest, dry forest and
shrubland, and similar values for swidden agriculture
in those areas. They obtained figures for carbon
accumulation (through re-growth) from Bellefontaine et
al (2000)28 . Their data for carbon loss and re-growth
following shifting cultivation in rainforest ecosystems
are shown below in Figure 3.2. Figures estimated for
annual rates of accumulation in re-growth following
agriculture in different biomes are shown in Table 3.1.
Silver et al (2000)29 reviewed a range of studies looking
at carbon accumulation in recovering secondary forest
and plantations in the tropics.
For recovering secondary forests they suggest longterm average rates of accumulation of 2.9 t/ha/
yr (biomass carbon) and 0.4 t/ha/yr (soil carbon).
Accumulation was faster in the first 20 years then
slowed as the trees became older. During the first 10-15
years of re-growth tropical secondary forests have been
reported to accumulate up to 5 t C/ha/yr. Silver et al

(2000) also noted that forests growing on abandoned
agricultural land accumulate biomass faster than other
past land uses, and that soil carbon accumulates faster
on sites that were cleared but not developed, and on
pasture sites.
Fehse et al (2002) measured re-growth in natural
forest in Ecuador and found that carbon sequestration
was peaking 7-8 years after the start of re-growth. At
this point, above ground carbon was being added at
approximately 7 t/ha/yr, while the long-term (45 year)
average was approximately 2.6 t/ha/yr.

Implications
The carbon benefits for protecting old growth forest
or regenerating secondary forest appear substantial.
However, when ‘protecting’ an area of forest,
calculations of the emissions saving must consider
off-site or indirect effects of ‘leakage’. This remains
problematic, due to the huge range of possible
effects and the difficulty of identifying direct causal
links between them. These complexities have so far
prevented protection activities from inclusion under the
Clean Development Mechanism. But payments for forest
protection may be acceptable when made under a
national plan for Reduced Emissions from Deforestation
and Degradation (REDD) where leakage at larger scales
can be effectively tackled.

Rates of C accumulation in re-growth following shifting cultivation (total biomass and soil, tonnes per ha)
(Source: Houghton and Hackler 2006)
Rainforest

Moist forest

Dry forest

Shrubland

1.5

1.9

0.18

0.058

However, the major issue is that protecting a forest area
means taking the forest area out of productive use.
This in turn means tackling pressure from commercial
timber companies and communities seeking agricultural
land. It is evident, but important, to recognise that
these are very different stakeholder groups. The
effective protection of a forest area requires successful
interaction with both sets of stakeholders.

Table 3.1

Figure 3.2
Carbon loss
and subsequent
accumulation
following
shifting
cultivation
in African
rainforest
ecosystems.
The fallow
period is given
as 16 years.
(t C per ha)
Original
values

Following
cultivation

Mature fallow

Bellefontaine R, Gaston A, and Petrucci Y (2000) Management of natural forests of dry tropical zones FAO Conservation Guide 32. FAO, Rome
Silver, W R. Ostertag, and A. E. Lugo. (2000). The potential for carbon sequestration through reforestation of abandoned tropical agricultural and pasture lands.
Restoration Ecology 8:394-407
28
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It has recently been argued that logging concession
rights can be substituted for ‘conservation concessions’
through a simple financial payment for the logging
licence. However, this risks ignoring the important
employment generation role of logging companies, and
does not address the question of timber demand.
On the other hand, it has long been recognised that
combating agricultural clearance is a much more
complex issue. Addressing pressure from itinerant
agriculture necessarily means engaging with questions
of land rights, food security and cultural norms,
and generally requires landscape-scale integrated
approaches to community livelihoods.
A long-term EU-funded project has been assessing
the state of protected areas in Africa (http://bioval.jrc.
ec.europa.eu/PA/index.html). The project has classified
protected area status by two measures: biodiversity
value and population/degradation pressure. The results
are presented by country. Two examples are shown
below.
The effectiveness of a protected area depends on many
factors that vary even within an individual country,
and it is therefore unwise to generalise about the likely
success of protected area initiatives. However, there
is growing experience in the evaluation of factors that

Figure 3.3
An example of the
results from the
EC Joint Research
Council assessment
of protected
area status in
Africa. Individual
protected areas
are rated for their
biodiversity value
and the pressure
they are under from
population growth
and encroachment

affect the success of protected management. Both
IUCN and WCMC are currently carrying out research on
related issues.
In summary, creating protected areas requires
successfully addressing powerful economic factors
such as the demand for land from the timber sector,
and the need for agricultural land in countries with
expanding populations. In countries where both are
strong, protected area initiatives are highly unlikely to
be successful without very careful thought as to how
these economic pressures can be mitigated.

Plantations
State of knowledge
Rates of above-ground C accumulation in plantations
ranged from 0.8 to 15 tonnes C per ha per year, during
the first 26 years following establishment (Lugo and
Brown 1993). A similar range was found in the data
derived from the literature survey. Above-ground
carbon accumulation was in the range 4 to 10.2 t/ha/
yr (n= 5) and soil carbon accumulation averaged 0.58
t/ha/yr (n=18). Niles et al (2002) used estimates of
0.5 to 2.5 tC ha-1 yr-1 for dry tropical regions to 2.5
to 5.0 tC ha-1 yr-1 for humid tropical areas for carbon
accumulation in vegetation; including soil accumulation
would elevate this range.
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Note, however, that Guo and Gifford (2002)30 reported
high values of soil carbon in pasture, relative to tree
plantations, and the fact that C stocks in soil can
actually decline following the conversion of pasture
to plantation forest. This is likely to be a consequence
of soil disturbing operations prior to planting, and
soil erosion during the early years of plantation
establishment.
Commercial plantation ventures usually use exotic
species that have been bred or adapted for fast growth
in monoculture conditions. These plantations generally
deliver the fastest rates of biomass growth. Exotic
species are often also promoted for fuel wood use. In
this context, nitrogen fixing species can be used to
help soil amelioration and the production of animal
fodder. The combined production of fuel wood and
animal fodder can reduce pressure on natural forest
and reduce grazing pressure on rangelands.
The use of exotic species in plantations can have
negative environmental consequences, and needs to
be carefully planned. In particular, attention needs
to be paid to soil nutrient levels, and the availability
of water. Fast growing trees require a great deal
of water, and have been shown to reduce levels of
groundwater recharge in some catchments. Poorly
managed plantations can lead to increased soil erosion.
Soil is exposed during preparation for planting, and
when intensive weed control is practiced during the
early stages of plantation establishment. Soil erosion
– which equates to soil carbon loss, will be strongly
related to the quality of ground cover that can be
established under the plantation, and the extent to
which litter build up is allowed. As many plantation
species out-compete native vegetation, it is sometimes
necessary to employ ground cover crops (or in some
cases, agroforestry techniques) during plantation
establishment.
Exotic species support limited biodiversity, and
should not be seen as an adequate replacement for
the multiple benefits that natural forests provide.
An interesting project is underway in Ghana, where
large natural forest areas are being re-planted with
native species to combine carbon sequestration and
biodiversity benefits. (See Box 3.1)

30
31

Implications
Plantations clearly have great potential for fast aboveground carbon sequestration in woody biomass.
However, while carbon sequestration is fast, it may
not be permanent, and carbon calculations need
to consider the end use of the wood that is grown.
Furthermore, large amounts of carbon can be lost
through soil disturbance that takes place during
plantation operations and soil erosion can result if good
quality ground cover is not established.
Plantations of native species (especially mixtures
of native species) may not deliver fast growth rates
like some popular exotic plantation species, but are
likely to provide longer term benefits with respect to
soil and biodiversity. The more complex ecosystems
that develop with native species are also likely to go
on building carbon stocks for much longer than fast
growing exotics.

Degradation from fuel wood collection
State of knowledge
There remains a great deal of debate on fuel wood
collection and its effects on forest cover and carbon
stocks.
Some claims in the literature stand out: Makundi
(2001)31 reported that 70% of forest loss in Tanzania
is attributable to woodfuel consumption (charcoal
and firewood), of which 43% is due to direct removals
(mostly attributable to charcoal). However, there is
certainly no consensus on the overall effect of firewood
collection (and charcoal manufacture) on forest cover,
and generalisations should be avoided. Bensel (2008)
states that it has become apparent that woodfuel
production is seldom a direct cause of deforestation
(although it may be a by-product), and that most
woodfuel demand is met by trees and shrubs growing
outside forest areas. In fact there is abundant anecdotal
evidence that fuel wood collection, particularly for
industrial charcoal production is a driving force in forest
loss in Tanzania (N. Burgess personal communication).
The debate is concerned with whether or not fuel
wood collection is driving deforestation. But in fact the
important question is: are we able to measure its effect
in the carbon balance?

Guo L and Gifford R, (2002) Soil Carbon stocks and land-use change: a meta analysis. Global Change Biology 8 345-360
Makundi W and Okitingati A (1995) Carbon flows and economic evaluation of mitigation options in Tanzania’s forest sector. Biomass and Bioenergy 8 381-393
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Box 3.1

Project Oware in Ghana
Project name: Project Oware

Country: Ghana

Intervention type: Reforestation/ sustainable forest
management

Project size: 20,000ha

Crediting period: 50 years from 2010

Project status: Pending validation

Project manager: Arborcarb

Carbon credit owner: Carbon Finance Limited

The project aims to carry out reforestation within degraded natural Forest Reserves in the Brong Ahafo, Ashanti
and Western egions of Ghana to return it as close to their original form as possible. Planting will use a mix of
indigenous tree species. Arborcarb established a Ghana forest company called ‘Carbon Forest Limited’ (CFL) as a
standalone business to manage the establishment and management of the project.
To establish the project, CFL entered a commercial plantation agreement with the State (who governs the forest
area), a benefit sharing agreement with the State and the Landowners and a social responsibility agreement with
the Landowners and Fringe communities. As well as forest areas in need of restoration, clear and unambiguous
land rights were a key factor in determining the suitability of project areas.
Project activities:
Nursery development: nurseries to produce high quality seedlings from 15 different species for large scale
plantings.
Tree planting: A mix of indigenous tree species is being used for reforestation.
Monitoring and maintenance activities: Annual verification against the VCS.
Carbon methodologies & measurements:
The project will establish 20,000ha of semi-natural forest over 15 years. This is estimated to absorb over 11
million tonnes of CO2e generating 6.88 million tonnes of CO2e for sale as Voluntary Carbon Units. Estimates were
generated using a plantation model, which meets IPCC Tier 3 requirements, based on long-term inventory data
from Ghana forests.
Potential leakage threats mean that the net GHG removals will approximately be 20-25% of total carbon sequestered within planted trees.
The project aims to generate carbon credits for sale in the voluntary carbon market being validated to the VCS and
CCB standards.
Economic, environmental and social benefits:
Economic: approx 150 full-time and 1200 part-time jobs for members of forest reserve fringe communities. Communities will receive carbon revenues, longer term timber revenues and an annual per hectare rent for their land.
Environmental: biodiversity conservation and restoration of ecological services.
Social: broadened livelihood opportunities; improved education and primary health care services; improved infrastructure; short-term food crop production on planted land until canopy closes. Trust fund for the local community
to be established to generate income for livelihood needs
Project costs:
Total cost approx USD800/ha over 20 years. Mostly during the first four years of (establishment and maintenance
of planted trees)
Reference: Michael Packer (Arborcarb)
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The Canadell et al (2009) model of carbon emissions
from land-use change does not include a value for
fuel wood. Their reasoning for this is that a) fuel
wood that is harvested from secondary forests will be
compensated by re-growth in those forest areas, b)
most fuel wood is harvested from agricultural areas and
therefore already counted in measurements of land-use
change.
If one assumes fuel wood is collected from areas
being converted to permanent agriculture, the carbon
emissions from this activity will be counted in the
overall emission from deforestation. If, on the other
hand, fuel wood is collected from shifting cultivation
areas, one would need to decide how to model the
change in carbon stocks in these areas following
conversion.
As we have discussed, it is possible to measure carbon
gains during the fallow period after shifting agriculture.
These are likely to be in the range 2-5 tC/ha/yr. Fuel
wood collections can easily exceed this value. But
this would suggest these areas would appear as
permanently cleared land.
Data from the FAO Forest Resource Assessment and
data from FAOSTAT differ widely on deforestation
rates, (with FRA the higher). This is because one counts
the transformation of forests to shifting cultivation
as ‘forest loss’ while the other considers shifting
cultivation as part of the forest system.
Houghton and Hackler (2006) included the transition
to shifting cultivation In their analysis. They showed
that this was responsible for the biggest change in the
area of dense forest, or in other words was a major
driver of the change of dense to secondary forest.
Their estimated figure for gross emissions from fuel
wood harvesting was 0.17 Gt C per year (almost as big
as the total figure for land-use change in Africa). But
they calculate that the net flux was only 0.007 Gt C per
year, because emissions were largely offset by forest
regrowth. This represents only 2.3% of their estimated
overall figure for land use related emissions.

Implications
At more local scales the implications of high levels of
fuel wood collection can be clearer. The E+ Charcoal
Stoves Project in Mali estimates that fuel wood
collections were approximately double the rate of wood
biomass growth in the area around Bamako (see Box
3.2) The approach taken to address this was to promote
the use of fuel efficient stoves amongst the urban
population.
Calculating the carbon benefits of such projects is
notoriously complex, due to the many possibilities for
leakage and the difficulty of establishing a causal link
between the project activity (e.g. stove use) and any
resulting decrease in fuel wood extraction.
To demonstrate an overall carbon saving, the E+
project would need to demonstrate that fuel wood
‘saved’ will remain as living biomass. This would require
the producers of the surplus charcoal to reduce their
levels of production, and the cutters of the surpluss
wood to abandon their work for other activities. Both
factors are beyond the control of the project.
Therefore there are fundamental questions that remain
to be answered. If fuel wood collection is driving land
clearance, is this effect being detected by conventional
measures of deforestation? Secondly, is it possible to
mitigate the deforestation effect of fuel wood collection
by supplying alternative fuels?
Women carrying
fuel wood, Sudan
cc Margaret W
Nea/Bread for
the World
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Box 3.2

The E+ Charcoal stove project in Mali
Project name: Improved Household Charcoal Stoves in Mali

Country: Greater Bamako region, Mali

Intervention type: Energy efficiency

Project size: 318,748 stoves

Crediting period: 2007 – 2016

Project status: Pending verification

Project manager: E+Carbon and Katene Kadji

Carbon owner: Katene Kadji

Wood and charcoal accounts for around 85% of the city’s fuel requirement. The project calculates that wood is being harvested at approximately twice the rate of re-growth
The project aims to reduce the demand for fuel wood and charcoal from Bamako, through the provision of fuel efficient charcoal stoves (made by Katene Kadji). This will be done through product marketing and conducting outreach campaigns in the communities to raise the awareness of the health and environmental risks associated with
traditional stove usage. The demand for wood and charcoal appears to exert heavy pressure on the surrounding
area, which is also being cleared for crops, and is susceptible to fire. Population growth in the city is increasing
this pressure. The improved charcoal stoves (SEWA stove), which are about 40% more efficient than traditional
stoves, will be subsidised to end-users from revenues generated from carbon credits once the project is verified.
Carbon methodologies & measurements:
The project expects to generate about 721,117 tonnes of CO2e in 10 years from the sales of 318,748 stoves. Each
average sized stove reduces charcoal use from approx 3kg per day to approx 2.4kg. Assuming a wood to charcoal ratio of 5-1 this saves the consumption of 3kg of wood per day per household, or about 1 tonne per year.
The project is generating credits in the voluntary carbon market using the Gold Standard VER Methodology titled
‘Indicative Programme, Baseline and Monitoring Methodology for Improved Cook-Stoves and Kitchen Regimes Version 1’.
Data collection
Data collection for carbon monitoring purposes is conducted by Berkeley Air Monitoring Group BAMG and includes
•
An assessment of fuel savings achieved at the household level;
•

Re-assessing fuel mix and use by each cluster bi-annually;

•

Surveying for leakage factors;

•

Data collecting regarding stove-age and its emission reduction performance by each cluster bi-annually;

•

Assessments of the wider social and economic impacts of the project.

Economic, environmental and social benefits:
Economic: increase in families’ disposable income due to lower expenses associated with woodfuel purchase (estimated saving: USD50 per year for an initial investment of USD7-13).
Environmental: improved air quality; reduced pressure on the forest.
Social: improved health; improved livelihood; increased employment opportunities – in (stove manufacture, distributing, retailing and maintenance); improved business capacity.
Project costs:
Carbon financing – monitoring, verification and validation can cost approximately USD 150,000 per project
Reference: Erik Wurster (E+Carbon), The Gold Standard PDD
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3.2 Pasture

grazing land. The more forage produced the greater
reduction in grazing pressure that can be achieved.

State of knowledge
Un-managed or under-managed grasslands and
savannahs are abundant, particularly in the drier
regions of tropical Africa. These ecosystems are often
under heavy pressure from un-controlled grazing
and the collection of fuel wood. According to figures
quoted in Ringius (2002) pasture and grazing land
covers more area in Africa than forest.

Only one data point was recovered from the literature
survey where rates of carbon accumulation had
been measured in pasture land where silvo-pastural
techniques were in use. However, this study (Gomiero
2008) reported an increase in soil carbon of 0.32 tC/
ha/yr.

Figures for different general land uses in Africa (M ha). Source Ringius (2002)
Agricultural land

Pasture/grazing land

Forest land

187

793

683

The degradation of grasslands and grazing lands is
a problem on the global scale. The 2005 Millennium
Ecosystem Assessment report highlighted work by
Lal (2001)32 that suggested dryland ecosystems
contributed between 0.23 and 0.29 Gt C per year to
the atmosphere, which is around 3 % of all global
emissions.
Because pasture is the largest anthropogenic land
use, improved pasture management through the
better management of grazing pressures, the use of
trees, improved pasture species, fertilization, and
other measures could potentially sequester more C
than any other terrestrial sink. There would also be
additional benefits, particularly preserving or restoring
biodiversity in many ecosystems.
In dryland pastures, some aspects of dryland soils
may help in C sequestration. Dry soils are less likely
to lose C than wet soils, as lack of water limits soil
mineralization and therefore the flux of C to the
atmosphere. Consequently, the residence time of C in
dryland soils is sometimes even longer than in forest
soils. However, the rate at which C can be sequestered
in these regions is low, (usually less than 1 tonne per ha
per year) (Steinfeld and Wassenaar 2007).

The use of deep-rooted pasture grasses is
recommended by Ringius (2002) to increase carbon
storage in soil.

Implications
The areas of rough grazing land and savannah
grasslands are very significant in Africa, so although
carbon sequestration benefits of interventions are
limited on a per hectare basis, the cumulative effect
could be large.
However, project based interventions tend not to
be replicable over large geographical areas, as local
conditions vary. On an individual project basis, the
results of silvo-pasture type interventions will not
be very large. Finally, it is important to note that
interventions such as stall feeding require advances in
animal husbandry knowledge and expertise, and may
not be compatible with animal husbandry traditions in
all cases.

In the humid tropics, silvo-pastoral systems are one
approach to C sequestration and pasture improvement.
Silvo-pasture includes the incorporation of forage
into the diets of grazing animals, usually produced
from trees or hedges that are grown on or around the
32

Table 3.1

Lal R (2001) Potential of desertification control to sequester carbon and mitigate the greenhouse effect. Climatic Change 51 (35-72)

Savannah
landscape, South
Africa
cc Trym Asserson
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3.3 Agriculture

chemical fertilizer (Rutunga and Neel 2006, Brown
2008).

State of knowledge
Much of the history of agricultural research, and
therefore most of the scientific literature, focuses on
the question of agricultural productivity. Interventions
are normally aimed at increasing crop yields or soil
fertility. These interventions may deliver increasing
carbon storage (e.g. by increasing soil organic matter)
but that has rarely been the primary objective.
Intensification (or increasing productivity per unit area)
is often promoted as a means of reducing pressure on
forest lands, by reducing the need to clear additional
areas for crops. However, the relationship between
agricultural productivity and rates of deforestation is
not direct, and the scientific literature contains little
documented evidence of attempts to address both
issues simultaneously.
The following section addresses factors affecting onfarm carbon storage. Both conventional agriculture and
agroforestry/mixed systems are discussed.
From the scientific literature on carbon sequestration
in agricultural land uses, the average values for
sequestration in agriculture is 1.2 t C/ha/yr (n=11). But
all 11 studies looked at soil carbon only.
Mineral fertilizer: The serious depletion of soil organic
matter (SOM) and soil nutrient capital is the primary
cause of low yields in much tropical agriculture.
Without artificial amendments degraded arable soils
are unable to sustain continual losses due to intensive
cropping and erosion, and have very low productivity,
creating negative feedback loops that lead to further
degradation, and further carbon emissions.
Agricultural intensification may proceed, either by
increased inputs (both infrastructure and resources
such as fertilizers and irrigation), or by increased effort
(Clay et al. 1998). Increased effort without increased
inputs typically leads to rapid degradation of natural
resources, and increased input of low-nutrient content
organic amendments, such as plant compost, are
typically insufficient to sustain nutrient and carbon
losses. The most effective treatment for degraded
soils is the simultaneous application of organic
amendments, especially legume leafy biomass, and
33

The application of fertilizer can increase the yield
of crops and increase the rate at which carbon is
sequestered in the soil. In a study in the Western
Sudanian savannah, treatments receiving cow dung in
combination with fertilizers, or a combination of crop
residues and mineral fertilizers, had higher soil organic
carbon (SOC) stocks (Vagen et al. 2005). Unsurprisingly,
it is severely degraded soils where organic
amendments are most effective when combined with
chemical fertilizers. However, this is usually because
phosphorus is the major limiting nutrient in many
central African (most Rwandan) soils and plant compost
is deficient in this element.
The importance of phosphorus is especially relevant
because the carbon sequestration benefit of the use of
mineral fertilizers needs to account for the carbon cost
of fertilizer manufacture. It is nitrogen fertilizer that is
most energy intensive to produce and that is associated
with the increased release of N2O. But at the same
time it is nitrogen that is most readily available from
non-mineral forms of fertilizer, such as plant mulch and
manure. There are concerns that the carbon cost of N
fertilizer will negate a large proportion of the carbon
sequestration benefits on the farm (up to 50% of the
carbon storage effect). However, the carbon costs and
benefits of fertilizer application is a complex area,
and there have been few attempts to quantify these
effects using full life-cycle analyses. See WH Schlesinger
(2000)33, Alvarez (2005) and Izaurralde et al (2000) for
more information.
Other specific technologies and approaches: There
are a very large number of specific agricultural
techniques and technologies for increasing agricultural
productivity, which we will not attempt to summarise
here. Instead, we distinguish two distinct themes:
Carbon storage in soil: This can be promoted by
increasing soil organic matter through the application
of manures or the direct addition of carbon (e.g.
‘biochar’). Indirectly, it can be increased by reducing
soil erosion, through cultivation techniques or the use
of hedges and shelter belts (Turkelboom et al. 2008).
Some studies have reported evidence that soil carbon
can be increased by reducing tillage.

Schlesinger WH (2000) Carbon sequestration in soils: some cautions amidst optimism. Agriculture, Ecosystems and Environment 82 121-127
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However, the evidence for this is not compelling (Baker
et al. 2007) (Yang et al. 2008).
Carbon storage in biomass: This can be promoted
by the use of more woody elements in the crop mix
(generally described as Agroforestry, discussed below)
or by including a fallow period that enables woody
biomass regeneration on fallowed land. The former
implies diversifying crop production (producing less
of any one crop). The latter implies increasing the total
farm area to allow for land rotation (Bostick et al. 2007).

Because agroforestry reduces the total productive
area for a given monoculture, and requires labour
inputs (Drechsel et al. 1996), many farmers regard the
prospect of increased supplies of fodder and fuel wood
in the future as insufficient benefit to justify the loss of
land and investment of effort (Brown, 2008). Therefore,
the applicability of agroforestry techniques will depend
on the farmers’ willingness to diversify production
and to become less dependent on maximising the
production of one commodity.

Implications
Agroforestry: Agroforestry can: increase the SOC,
especially through litter fall, check soil erosion, diversify
the farm income, increase land productivity- including
through production of green leaf manure, fodder and
fuel wood production, and reduce C losses over current
practices. In addition, it can help alleviate rural poverty,
protect biodiversity and deflect additional deforestation
(many refs. See Cooper et al. 1996 for overview).
Data from the literature survey show that on average,
agroforestry systems accumulate carbon at 2.51 tC/ha/
yr (n=17) which is approximately double the average
values reported for annual agriculture. However, the
studies that measured rates of carbon accumulation
in agroforestry systems only looked at soil carbon.
No data points were recovered for biomass carbon in
agroforestry systems.

Compared to industrialized countries, opportunities
for soil C sequestration in developing countries are
less well known, and the technical potential for soil C
sequestration in Africa and other developing regions is
more uncertain (Scholes and van der Merwe, 1996; Lal
and Kimble, 2000). Nonetheless, it is widely believed
that agricultural intensification, the amelioration of
degraded lands and the slowing of desertification
in Africa offer additional opportunities for C
sequestration.
It is important to clarify the debate about agriculture as
it relates to terrestrial carbon. Agricultural interventions
are assumed to deliver carbon benefits in two ways:
1. An increase in on-farm carbon storage or
sequestration through farming techniques aimed at
increasing, among other things, soil organic matter
2. The decrease in deforestation resulting from
agricultural expansion

Reduced tillage: yes and no
In essentially all cases where conservation tillage (i.e. the avoidance of tillage) was found to sequester C, soils
were only sampled to a depth of 30cm or less, even though crop roots often extend much deeper. In the few
studies where sampling extended deeper than 30cm, conservation tillage has shown no consistent accrual of
SOC, instead showing a difference in the distribution of SOC, with higher concentrations near the surface in
conservation tillage and higher concentrations in deeper layers under conventional tillage. These contrasting
results may be due to tillage-induced differences in thermal and physical conditions that affect root growth
and distribution. Long-term, continuous gas exchange measurements have also been unable to detect C
gain due to reduced tillage. Though there are other good reasons to use conservation tillage, for example,
to reduce soil erosion, and maintain long-term productivity, evidence that it promotes C sequestration is
not compelling (Baker et al. 2007) (Yang et al. 2008) also found in their review that although many studies
suggest that no-tillage increases soil organic carbon within the soil profile, other studies suggest that it
only stratifies the SOC, where a near-surface increase in SOC is offset by a concomitant decrease in the
subsurface.

Box 3.3
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As the data in this report clearly shows, preventing
deforestation delivers a much greater carbon saving
than increasing on-farm carbon storage. It is widely
believed that shifting cultivation (combined with
population growth) is one of the main drivers of
deforestation.
Furthermore, it is often assumed that increasing
productivity on the farm will result in decreased forest
clearance for new agricultural land. However, much
of the research carried out on specific agricultural
techniques is applied to farmers who are permanent. All
techniques require investment of money or effort in the
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land for a long-term payoff of increased or sustained
yields. None of these techniques are applicable in
shifting cultivators, where investment in the land is
specifically avoided.
Therefore serious attention needs to be given to the
question of who a given intervention is aimed at.
Increasing the productivity on permanent farms will not
change the practices of shifting cultivators. Changing
shifting cultivation into permanent cultivation requires
a cultural shift that will not be achieved by any one
specific technology.

Smallholder tea
plantation, Kenya
cc Nikki McLeod
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4 LESSONS FROM TERRESTRIAL CARBON RELATED
PROJECT ACTIVITY
4.1 Introduction

4.2 Africa and carbon markets

This section discusses the lessons that philanthropic
interventions can learn from the experience in carbon
markets. Much of the implementation experience
related to terrestrial carbon storage and sequestration
has come from studying climate change and mitigating
strategies. Mitigation strategies have, to a large
extent, been driven by the establishment of markets
for carbon, both regulated (under the UNFCCC),
and voluntary. Markets have provided a stimulus to
develop systematic methodological approaches for
quantifying carbon benefits. This is particularly true for
forestry-based activities but the wish to access carbon
finance is also a driving force behind efforts to better
quantify carbon benefits of agricultural and other
land use interventions. The message of this section
is that whether or not a specific activity is destined to
generate carbon credits (for finance), there is much
to learn from these markets and the standards that
support them.

The theoretical potential of tropical Africa for carbon
project activities is high. Fossil fuel emissions are
rapidly growing because of demographic developments
and relatively high economic growth rates in many
countries. There are significant opportunities to
implement fossil fuel-based emissions reductions
and renewable energy projects, but the potential to
promote land-use related sequestration is very large.
This is partly due to the relatively large availability of
land (per capita) that could be available for project
development.

Carbon market finance is one of the mechanisms
that can help fund projects that deliver a terrestrial
carbon benefit. Carbon markets are a relatively new
phenomenon but they are rapidly developing and
promise great potential to finance emission reductions
sustainably. However, a number of very real challenges
exist to generate carbon credits through activities in
the land use sector and from projects in Africa. These
challenges arise principally on two levels, namely:
•

accounting for carbon emission reductions or
sequestration reliably and in a way that meets the
requirements of carbon market standards, and

•

finding a market for these projects and carbon
credits.

Being realistic about these challenges can help in
the design of activities, because it focuses projects
on what are verifiable emissions reductions. Despite
creating many challenges, it is evident that the rigorous
accounting approaches demanded by carbon markets
are actually very useful in quantifying carbon benefits
and measuring the real impact of interventions. Overall,
the most significant challenge to generating carbon
credits remains the successful implementation of the
underlying project activity that is intended to sequester
carbon or avoid emissions.

The share of African projects in carbon markets,
however, has remained very small to date. For the Clean
Development Mechanism (CDM) the figure is just 2% of
all registered projects and even less when measured by
carbon credit volume. Most of the 33 projects making
up this number are located in South Africa, Egypt and
Morocco, i.e. not in tropical Africa. For the voluntary
markets, the share of African projects transacted
market volume in 2008 was estimated at just over 1%,
originating from only a handful of projects (UNEP Risoe,
Hamilton et al. 2009 ). The implication is that while
interest is high, most projects do not advance beyond
the planning stage.
The reasons for this are the same challenges affecting
most kinds of market-based investment in the region.
Among these are a high investment risk of activities
in the country and lack of access to project finance (to
fund the underlying project activities). A consequence
of risk is the reduced availability of start-up funding
and upfront carbon payments for projects.
There are structural disadvantages for carbon projects
in very poor countries, including many African
countries. Again, many of these challenges are as
relevant to philanthropic interventions as they are to
profit-oriented entities trying to obtain quantifiable
emission reductions. Some of the barriers are noted
below:
•

Many terrestrial emissions in Africa occur at the
household level, and such distributed sources
are much more difficult to target and organise
in a carbon project (compare, for example, a
point-source like a coal-fired power plant to many
thousand dispersed cooking stoves).
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•

The diffuse nature of emissions and therefore
reductions means the ratio between carbon credits
and transaction and implementation costs is not
favourable.

•

The stringent technical and monitoring
requirements that have been developed for widelyaccepted carbon standards (mainly as a response to
civil society criticism) may often be more adapted
to a ‘highly organised’ project context with readily
available data, measuring technologies, technical
expertise, and overall high institutional capacity.

These factors cause difficulties for land-use-related
activities in gaining access to carbon markets which
undermines the potential of the region’s most
‘competitive’ sector. They also lead to problems
of eligibility in various carbon markets due to
methodological bottlenecks and complexities and
the reliability of producing verifiable and predictable
emission reductions.
The combination of these factors may explain the
general observation that most projects in Africa are
very small-scale in terms of emission reductions
generated and they are very frequently promoted by
NGO or public sector organisations. It is often not clear
whether the non-market ‘subsidies’ provided for these
projects and to cover transaction costs will ever be
justified in terms of carbon revenues generated.

Figure 4.1
Baselines and
project carbon
benefits

4.3 Carbon accounting for terrestrial
carbon projects
Most experience in generating emissions reductions
comes from carbon markets. These markets require
proof that CO2 has been reliably sequestered or stored.
In a market context it is of paramount importance that
the carbon offsets purchased do indeed represent a
real and quantifiable carbon reduction. To this end, a
variety of accounting standards has been developed for
carbon projects, which all potential investors should
understand.

Data needs
How can the reduction of 1 tonne of CO2 be measured
and demonstrated? Most fundamentally, there needs
to be a benchmark or reference scenario that indicates
the emissions level in the absence of any intervention.
In the case of entities that aim to cut their emissions,
this reference value could be a company’s emissions
in the previous year or a country’s emissions in 1990
(as in the case of the Kyoto Protocol). In the case of
offset projects, the approach is usually more complex
and involves projecting a baseline of emissions into
the future. The climatic benefits correspond to the
difference between this baseline and the actual
emissions, if any, that continue to occur as the project
is being implemented (see Figure 4.1).
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In order to determine the difference in emissions
compared to the baseline scenario, the project
performance of the project needs to be measured,
monitored, and verified. In many cases, projects do
not eliminate all baseline emissions but rather reduce
them more or less successfully. Baseline calculations
must also account for emissions generated by project
activities. Finally, interventions that reduce emissions in
one place have the potential to displace activities that
create these emissions to elsewhere, a process called
leakage. This can occur in different ways, for example,
because the actors responsible for emissions simply
shift their activities to another location, or because the
project suppresses the production of a good which is
then produced elsewhere to satisfy an existing market
demand.
The following formula captures the main data items
that need to be produced in order to calculate the
carbon benefit of a project:
ERnet = (ERproject – ERbaseline – EOproject) * (1 – L) *
(1 – BD)
Where:
ERnet

= Net Emission Reductions /
Carbon Sequestration

ERproject = Project Emission Reductions /
Carbon Sequestration34
ERbaseline = Baseline Emission Reductions /
Carbon Sequestration35
EOproject = Other Project Emissions (e.g. fuel use)
L

= Leakage (%)

BD

= Buffer Discount for non-permanence (%)
(some standards only)

Another type of documentation is needed to
demonstrate additionality, i.e. the fact that it is the
generation of carbon credits that enables this project
to happen. It is a requirement for both the voluntary
and the regulatory carbon markets that it can be
demonstrated that the carbon credits – and therefore
the emission reductions or sequestration that they
represent – would not have been generated in the
absence of carbon finance and so are additional to
what would have existed if the finance had not been
available.

Finally, carbon credits should represent permanent
emission reductions. In the case of terrestrial carbon
projects, there is often a risk that achieved carbon
benefits may be reversed, e.g. because a reforestation
project burns down or because improved farming
practices are abandoned. Permanence cannot be
demonstrated ex ante but needs to be ensured
throughout project implementation. However, at the
start of a project its proponents need to elaborate a
risk profile of factors that could represent permanence
risks, such as frequent fires in the vicinity or reduced
food production due to the project, and provide details
on how these risks will be addressed.
These calculations are often based on estimates
of impacts and consequences, both of which may
be essentially unknowable at the time of project
implementation. These impacts will therefore need to
be continually monitored to ensure that the accuracy of
the estimates is continually improved. The requirements
or methodologies for identifying and quantifying
these risks have been set out by some standards (i.e.
Voluntary Carbon Standard). In addition, to reduce this
risk, the VCS requires all certified projects to put some
of their credits into a ‘credit bank’ or ‘buffer’ so that if
one certified project fails, there are sufficient credits
held in the credit bank to compensate.

4.4 Challenges in producing these data
for terrestrial carbon projects
Terrestrial carbon projects can face some additional
challenges in producing the required data for carbon
project design and credit generation. This is partly the
result of the controversial political history of mitigating
climate change through forestry and agricultural
projects. The opposition and continued criticism
of a number of environmental NGOs led to very
restrictive treatment of this sector in the UN Framework
agreement and resulted in severe limitations in access
to regulatory markets. In particular, the UNFCCC
imposed stringent and complex methodological
approaches to demonstrating carbon benefits.
Although voluntary markets have generally been much
more open and flexible regarding the sector, they are
nevertheless affected by the high level of requirements
under the CDM.

Emission reduction and carbon sequestration in this context refers to the sum of verifiable changes in carbon stocks in the carbon pools
within the project boundary. 35 Emission reduction and carbon sequestration here refers to changes in carbon stock in the carbon pools within
the project boundary that would have occurred in the absence of the project
34
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On the other hand, challenges to reliably demonstrate
carbon benefits from terrestrial interventions exist
because of the nature of this sector, mainly the
substantial difficulty in producing accurate scientific
data, the ‘living’ and volatile nature of natural systems
such as soils and forests, and the complex socioeconomic dynamics influencing them (e.g. agricultural
practices). The preceding chapters have highlighted
some of these challenges.

approaches to project baseline emissions are being
tested by predominant carbon standards (most notably
the Voluntary Carbon Standard, VCS). These are:
•

Historical baselines, based on deforestation and
degradation trends over a representative number
of years before project start (these can follow a
‘frontier’ or ‘mosaic’ deforestation pattern)

•

Modelled baselines, based on projected
developments of key determinant variables, such
as demographic and infrastructure developments
(again in a frontier or mosaic pattern), and

•

Planned deforestation or degradation baselines, e.g.
where permits and concrete plans for agricultural
conversion or commercial logging exist

Baselines
Projecting a baseline of future emissions in the
absence of a project is per se fraught with difficulties
and uncertainties. This is because such an emissions
scenario is of course hypothetical and because many
of the factors affecting this scenario are bound to
change. In the case of energy-sector carbon projects,
the economics of electricity production could change,
technology will develop, the legislative environment
may evolve, etc. A reforestation project may need
to project the future land use practices of local
populations, the market demand for agricultural
products that may compete for the available land, and
affect, say, natural regeneration or succession in the
project area.
These challenges have been addressed in different ways
for different sectors. For example, in the energy sector
it is common to calculate a baseline based on ‘grid
emission factors’ which assign an average CO2 emission
value per kWh of electricity generated in a specific
country, based on the mix of the electricity-generating
facilities. To reflect technological advances and other
developments, these factors take into account the ‘built
margin’ of electricity infrastructure over the last several
years.
For most types of land-use based carbon projects, such
baseline reference values are not as easily available.
The benefit of more efficient cooking stoves, for
example, usually depends strongly on very localised
resource use patterns that determine what percentage
of the used fuel wood is being harvested unsustainably.
Since biomass cooking stoves are not connected to any
electricity grid, a detailed project-area specific baseline
study needs to be carried out and fuel-use patterns of
the local target population needs to be analysed and
monitored. In the case of REDD projects, three general

These baseline trends frequently have to be made
spatially explicit in order to capture differing carbon
stocks in an area, e.g. where different types of forests
or different levels of degradation exist which would
influence the emissions generated per unit of affected
area.
Reliably determining such a reference scenario for a
carbon project is challenging to say the least. In many
cases, some of the required data may be very difficult
to produce or key variables may be unknown.
Forest carbon stocks themselves are only very
approximately known. Except for where detailed forest
inventories have been carried out, (e.g. to prepare
commercial exploitation for timber), only broad ranges
for different forest types may be available. Even where
commercial timber volumes have been estimated,
allometric factors that allow inferring of biomass in
branches and roots may not be known for the type
of forest. Such data are particularly difficult to come
by for Africa (compared to, for example, the Amazon)
because of a lack of scientific studies. Wherever local
or regional carbon data are not available, conservative
estimates have to be made based on available broad
default values, such as those published by the IPCC.
This means that the carbon benefits of an intervention
that can be demonstrated (and claimed in the form of
carbon credits) may be significantly lower than would
be the case with good data availability.
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Box 4.1

Example of reduced deforestation
To illustrate this, take the example of a project slowing the rate of encroachment through shifting agriculture
in Central Africa, a common cause of deforestation in the region. The rate of encroachment may be influenced
by growing population density, possibly due to a mixture of endogenous growth and in-migration from remote
areas, a decrease in productivity following reduced soil fertility due to over-use, and changes in types of
crops used in cultivation technologies over time. Emissions may furthermore be influenced by the location of
encroachment due to varying levels of forest carbon stocks in the area. Finally, the agricultural systems replacing
mature (or already degraded or secondary) forest can have a range of different carbon stock values depending
on the type of crops being cultivated, the regeneration rate of secondary forests in the area, the fallow time
between agricultural rotations and on whether some large trees (e.g. with hard wood and difficult to fell) are left
standing during clearing.

Leakage
Three types of leakage commonly have to be accounted
for in land-use projects: activity shifting, market
leakage, and direct leakage. They have to be addressed
during project design and implementation, and,
depending on the project type and standard used,
leakage that has not been mitigated may have to be
deducted from the projects carbon benefits.
•

•

•

Activity shifting refers to the risk that the agents
that cause emissions (e.g. through deforestation)
are merely displaced through the project
intervention and create emissions elsewhere (e.g.
by encroaching on different areas of forest). The
analogous cases are agents that use the land
destined for a reforestation project and which may
shift their activities (e.g. agriculture or fuel wood
collection) to a presently forested area.
Market leakage describes a situation where a
project intervention suppresses the production of
a good (e.g. timber or crops) without creating a
substitute supply. Unless demand for this good is
similarly reduced, production elsewhere will likely
increase, and, depending on the way in which this
production occurs (e.g. sustainable or destructive
logging), similar or even greater emissions could be
created.
Direct leakage comprises emissions directly cause
by the project activities but which occur outside the
project area (e.g. through transport or emissions
during fertiliser production).

Another type of market leakage that does not have
to be accounted for under existing carbon standards
(neither for land-use nor energy-based projects) is

created through price effects. If a project sustainably
increases supply of a product (e.g. sustainable timber
or renewable energy) this will lower prices for this
product. Lower prices could suppress alternative
supply sources of the same product (e.g. by reducing
incentives for timber plantations), or they could
increase demand (e.g. for electricity) through ‘rebound
effects’, which could be met through sustainable
or unsustainable production of the given product.
In either case, the net carbon benefit of the project
intervention will be reduced.
In all of the above cases, it is frequently challenging to
determine the extent of leakage that occurs and has to
be deducted from a project’s carbon benefits.
There are two main concerns:
•

Calculating the magnitude of leakage

•

Attributing responsibility

For example, small-scale farming activities may be
displaced locally to forests around the project area. But
how can one attribute an increase of deforestation in
this ‘leakage belt’ to the project’s impact rather than
to general land-use trends. Similarly, where would
commercial timber production most likely increase in
response to reduced supply of timber from a carbon
project area, and would this increase in supply be met
through responsible logging or lead to lasting forest
degradation? Are the affected forests as rich as or
even richer in carbon than those protected through the
project activity (with corresponding effects in terms of
generated emissions)?
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The proposed solutions in (draft) carbon standards
and methodologies partly call for a direct monitoring
of ‘baseline actors’, e.g. in the case of mosaic smallscale deforestation, or the application of default
discount factors, e.g. in the case of commercial
timber production. Both approaches are not without
challenges, and direct monitoring of a large number
of actors whose behaviour is influenced by a host of
socio-economic factors is likely to be very challenging
in many cases.
The ‘best’ solution for project proponents in terms
of leakage accounting would be to completely negate
the potential for leakage, e.g. through creating an
equivalent supply of timber through tree plantations
on unused land, or through increasing agricultural
productivity to the extent that ensures an equivalent
‘baseline’ output without creating additional emissions
through synthetic fertiliser use. However, this is rarely
feasible to the full extent and leakage accounting and
discounting then needs to be undertaken.

Monitoring project performance
The monitoring of project performance can follow
two broadly different approaches, and each can utilise
various technologies. These approaches can also be
used when determining a historical emissions baseline.
•

In inventory-based accounting, also called ‘stockdifference’ method, the carbon stocks that are
targeted in the project area are measured at two
points in time (t1 and t2). The difference in these
values, compared to those values in the baseline
scenario (t1-b and t2-b), would represent the
project’s performance (minus leakage and project
emissions). For example, a reforestation project
would quantify increasing tree biomass during
certain time intervals by directly measuring volumes
in the field.

•

Activity-based accounting, also called ‘gain-loss’
approach, measures changes from a carbon stock at
the start of project activities (t1) by monitoring a set
of activity data to which emission factors have been
assigned. This approach measures not so much
carbon stocks but rather fluxes of carbon stocks to
infer emissions. For example, an improved forest
management project may compare extracted timber
volumes and constructed logging roads to what can
be inferred for the reference scenario (e.g. based on
pre-project forest management plans).

Challenges arise from scientific uncertainty. This is
especially significant in Africa due to the small number
of studies. Many changes in carbon stocks may be
difficult to capture with cost-effective monitoring
technology, e.g. selective illegal logging or fuel wood
collection, which is hard to detect on commonly used
satellite imagery, or changes in soil carbon, which
usually requires sophisticated laboratory analysis to be
quantified (more or less) reliably.
The fact that terrestrial carbon projects often deal with
multiple actors and distributed emission sources (or
sinks) also presents barriers to cost-effective, reliable
monitoring. The performance of a REDD project
involving hundreds of smallholders, or a cooking
stove project involving thousands of households is
much more challenging to monitor than, e.g., a large
hydro-power plant. Although statistical approaches
and stratification of land areas and users can reduce
the necessary sampling effort, and remote sensing
technologies can aid in monitoring of large areas, many
components still require extensive field measurements
(or ground truthing).

Accounting for non-permanence
Quantifying and discounting for non-permanence risks
is a challenge unique to terrestrial carbon projects.
Unlike in energy-based emission reduction projects
where emission reductions represent a permanent
climatic benefit, carbon sequestered in sinks has the
potential to be released back into the atmosphere.
There is some controversy as to the extent to
which this also applies to reduced emissions from
deforestation and degradation; however, common
sense thinking suggests that a certain risk of reversal
also exists.
Different approaches to dealing with this nonpermanence risk have been suggested, including
issuing temporary credits that have to be replaced
periodically (as in the CDM), using financial insurance
instruments, discounting land-based carbon credits
by a time-equivalence factor (as in the tonne-year
approach, and setting aside a certain percentage
of credits in a risk buffer. The latter approach is
establishing itself as the predominant mechanism for
non-permanence insurance and is used, for example,
by the VCS. It involves assessing any terrestrial carbon
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project against a list of risk factors that have the
potential to lead to carbon reversals and assigning
certain likelihoods to each of them. Their combination
then results in a discount factor of credits that have to
be set aside in a risk buffer.
If integrated well into project planning, systematically
determining non-permanence risks can be an effective
risk management tool for project developers. On the
other hand, it imposes an additional requirement
for producing data that can be audited. A multitude
of factors needs to be considered and somewhat
quantified, for example the potential for reduced
employment opportunities, losses in agricultural
output, fire risk, drought risk, demographic pressure,
nearby infrastructure, the presence of high-value fossil
resources (metals, oil) or valuable timber species.
More importantly, for commercial projects, it can
greatly reduce the credits available for trading and
for generating carbon finance to enable the project.
Depending on a project’s risk profile, risk buffers
can amount to 70% of credits – which would arguably
indicate that the project’s risk management or overall
set-up needs to be substantially improved.

Challenging standards or tricky projects?
What is important to point out, however, is that many
of the above hurdles in demonstrating carbon benefits
under accepted carbon standards actually represent
very real risks and challenges in ensuring carbon
benefits through terrestrial project interventions.
Challenges like preventing and accounting for leakage
or non-permanence are not unique to ‘carbon projects’,
rather, they point to real-world problems. These
problems risk negating the atmospheric benefits that a
project is set up to deliver. Carbon standards, in a way,
simply force these issues to be tabled.
For example, leakage due to displaced deforestation
may go unnoticed in a ‘classical’ conservation project,
whereas the design of the same activity under a carbon
standard can help uncover such risks and design
appropriate mitigation strategies and monitoring
approaches.
Similarly, many ‘traditional’ reforestation and
conservation projects have proved to be unsustainable
in the long run because they have not created the

necessary local benefits or because they did not devise
effective risk management projects. Employment and
income opportunities in agriculture may have been
reduced, and ‘alternative livelihoods’ may not have
materialised. Other reforestation and restoration
projects have literally gone up in flames because fire
risks due to agricultural practices or climatic conditions
had not been recognised and effectively addressed.
Being forced to systematically and periodically evaluate
a range of such risks to long-term project success can
prove to be very helpful in designing a comprehensive
risk management approach. High risk ratings moreover
indicate that an intervention is unlikely to yield the
long-term climatic benefits.
Whether or not a project is intended to generate
carbon credits, assessing and mitigating leakage
and non-permanence risks is therefore vital for any
project intended to generate climatic benefits. Carbon
standards and the associated formalised tools and
methodologies can provide a systematic approach to
carrying out such assessments. On the other hand, it
can be argued that there has also been an unhelpful
trend towards ever more ‘sophisticated’ and stringent
standards, and requirements for accurate and precise
data may simply be unrealistic.

4.5 Other common difficulties
In the course of project development or at the time of
validation or verification, it is not uncommon to find
that actually generated carbon credits are significantly
below previous predictions. This can be due to a
combination of overly optimistic assumptions regarding
aspects such as baseline emissions, leakage, ability to
monitor carbon benefits, actual project performance
on the one hand and restrictive or conservative
approaches by available standards and methodologies
on the other.

Baseline calculations
One common ‘disappointment’ is the difficulty of
demonstrating high baseline emissions. Again, this may
be due to actual uncertainties regarding fundamental
factors determining baseline trends. The common
sense perceptions of project proponents may be at
odds with what can be demonstrated transparently. For
example, when would nearby farmers start encroaching
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into an existing forest reserve, and would they actually
cross the boundary when the historically expanding
agricultural zone reaches the reserve? Would the much
heralded mining project actually be financed and take
off, or would it face long delays? How far would people
walk to collect fuel wood? And, are destructive logging
practices of the past in fact a good predictor of forest
management approaches that would be adopted in
newly issued concessions, or are there other economic
pressures already driving improvements?
Potential leakage is frequently underestimated – or
cannot be reliably proven to be insignificant or limited.
The principle of conservativeness applied in carbon
accounting also implies that uncertainties should lead
to high-end assumptions about possible leakage.

Availability of monitoring methodologies
Measuring and monitoring project performance is
frequently a very large expense. It can, for example,
prove very complicated to design a reliable sampling
and monitoring system to capture the actual uptake
and use patterns of improved cooking stoves, while at
the same time monitoring changes in the fuel mix and
its origins. Agricultural practices of a great number of
small-scale farmers, including ploughing techniques,
fertiliser use, etc., are similarly difficult to monitor.
Particularly challenging to quantify and monitor are
illegal activities. Illegal logging does not usually follow
a forest management plan or generate documented
extraction volumes (which is one reason that draft
REDD methodologies do not include avoided illegal
timber harvest at present).
It can also prove difficult to find accepted
methodologies that fit the planned project activities.
New methods may have to be developed and tested,
leading to increased costs. Agricultural carbon projects
have so far faced particularly high hurdles in this regard
(due to both types of reasons) and there are virtually no
such projects in the tropics. Most existing projects are
implemented in the US, and this is mainly because they
are allowed under a popular carbon standard (CCX)
which has much less rigorous requirements than are
demanded elsewhere.
Again here, whether or not a project is intending
to sell credits, market standards provide a useful
benchmark. If carbon benefits are hard or impossible to

demonstrate under high-quality carbon standards, this
should give reason for caution, and stimulate additional
scrutiny of project design.

The challenge of multiple benefits
Many carbon projects are conceived from a multiplebenefit perspective. For example, they may seek to
mitigate emissions while promoting rural development,
restoring biodiversity, improving watershed
functionality and encourage gender equality. ‘Cobenefits’ can be instrumental to a carbon project’s
success, (e.g. by creating local ownership of the project
through diversifying income sources). But, aiming at
many different benefits can easily lead to trade-offs
between objectives. For example, a mix of a great
number of native species may be less attractive to local
communities than a small number of fruit tree or fastgrowing timber species, even exotic ones. Diversifying
agricultural crops in an arid forestland area may
generate tangible rural development benefits but may
create few carbon emission reductions. Clearly, there
are equally valid goals and motivations. There simply
needs to be clarity about the primary objective. Where
projects aim to generate carbon benefits with limited
available resources and where trade-offs exist, then coand core benefits need to be carefully balanced.

Over-estimation of benefits
Many proponents of land-use based carbon projects
significantly overestimate the likely success of the
intervention. The drivers leading to ecosystem
degradation and emissions or preventing regeneration
and carbon sequestration are almost always
complex and difficult to address. There is rarely a
straightforward technological fix, and even if there
was, the human behavioural component may be much
more difficult to address. Some of the barriers that are
so easily cited to demonstrate project additionality,
such as cultural barriers to the uptake of an improved
agricultural technique, prove to be very difficult to
overcome indeed. Added to this are governance
challenges, lacking institutional capacity, or political
instability that can jeopardize project success.
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4.6 Carbon markets for terrestrial carbon
Brief market introduction
In 1997, most of the world’s nations agreed to sign
the Kyoto Protocol to the United Nations Framework
Convention on Climate Change (UNFCCC). This was
the first international agreement to define quantified
targets for reducing greenhouse gas emissions
which are responsible for anthropogenic climate
change. The Kyoto Protocol also established three
‘flexible mechanisms’ that are meant to facilitate
the implementation of emission reduction measures
where they are economically most efficient and costeffective. The flexible mechanisms allow for the trade
of emission allowances between countries and carbon
credits generated by emission reduction projects.
The Kyoto Protocol thereby laid the foundation for
an international market for greenhouse gas emission
reductions – or ‘carbon markets’– referring to the main
unit of measurement, CO2.
In parallel to the Kyoto markets – fundamentally
compliance markets shaped by governmental
regulation – voluntary carbon markets have emerged.
Companies, as well as individuals and other
organisations without formal emission reduction
obligations increasingly choose purchase carbon
credits voluntarily through these markets and use them
to ‘offset’ their own emissions. In particular, a growing
sense of corporate social responsibility (CSR) and
concerns about individual air travel have fuelled the
voluntary markets and more and more organisations
are trying to reduce their carbon footprint or even to
become ‘carbon neutral’.
The Clean Development Mechanism (CDM), one of the
Kyoto Protocol’s flexible mechanisms, regulates the
crediting of emission reduction projects implemented
in non-Annex 1 countries, i.e. developing countries.
There has been significant investment into the CDM,
with over 1700 projects registered in mid 2009
and several thousand more at advanced stages of
development. Overall, Kyoto markets have grown
dramatically in size since the Protocol entered into
force in 2005, to an overall volume of USD 119 billion
in 2008, including secondary trading, of which USD
1.2 billion were transacted through the CDM (Capoor &
Ambrosi 2009).

The value of transactions in the voluntary carbon
markets is estimated to have reached USD 705 million
in 2008. They are thus orders of smaller magnitude
than the regulatory markets but are growing rapidly.
Some of the recent growth has also been linked to
increasing ‘pre-compliance’ efforts in the wake of
expected US federal climate change legislation.

Markets for terrestrial carbon
The history of negotiations about the role that the
terrestrial sector should play in mitigating climate
change has been controversial and in part ideological.
Fears about a ‘distraction’ from the core issues of
industrial and fossil-fuel based pollution through
‘flooding’ the markets with (presumably) cheap forestry
and land-use credits, along with concerns about the
scientific reliability and permanence of these led to
severe restrictions of the land use sector in regulatory
carbon markets during the first commitment period of
the Kyoto Protocol (until 2012). Currently, reforestation
and afforestation are the only two ‘land use, landuse change and forestry’ (LULUCF) project types that
qualify under the CDM. Forest conservation and forest
management projects were specifically excluded, as
were agricultural land management. To date, there are
only a handful of registered forestry projects under the
CDM, accounting for less than 0.5% of the expected
CDM emission reduction volume until 2012.
Unlike under Kyoto, offset projects in the voluntary
carbon markets are not limited to planting and forest
establishment, but can include avoided deforestation,
avoided degradation and forest management activities
as well. The share of terrestrial projects in 2009 has
been estimated at 11%, making voluntary markets
much more significant for these projects than the
CDM. Most projects in this sector are conservationoriented reforestation activities, with the remainder
being attributed to REDD, productive plantations,
forest management and soil carbon. However, although
still growing in overall volume, the share of land-use
projects in these markets has been steadily declining
over the last few years with the sector being plagued
by the same criticisms and controversies as in the
regulatory markets.
However, as the Kyoto Protocol’s first commitment
period approaches its end in 2012, negotiations on

41

FPAN African Tropical Forests Review of the scientific
literature and existing carbon projects: July 2010

a ‘post-2012’ agreement are underway and the role
of forests has become very prominent. One of the
main agenda items is the inclusion of REDD+ which
is a combination of forest conservation, reduction of
emissions of greenhouse gases from deforestation
and forest degradation and enhanced removals of
greenhouse gases from afforestation and reforestation.
This represents a potentially huge future mitigation
opportunity and is central to both the ongoing
negotiations and to the non-binding Copenhagen
Accord produced at COP 15 in December 2009.
It is not yet clear what the final agreement on REDD+
will be under any post-2012 agreement since some
details can only be finalised when further progress
has been made with the main negotiations. However,
in the interim a REDD+ Partnership36 has been formed
by almost 60 interested governments. The developed
country partners have pledged USD4 billion in
funding between 2010 and 2012. Developing country
governments have committed to make progress with
developing and implementing strategies to maintain
existing forests and reduce rates of forest loss.
There are still several crucial elements of the emerging
REDD+ approach which are unclear. Of particular
relevance are:
•

•

Scale: there is a strong focus on national level
planning, monitoring and accounting with some
actors suggesting that all activities and funding
should be managed nationally. However, there is
also a growing awareness that many of the activities
which will be required for REDD+ to succeed will
need to be undertaken at a subnational level and
that it may be useful to have a number of projects
‘nested’ within a national process.
Funding: There is strong debate about how
REDD+ will be funded. Some developing countries
have expressed a strong preference for fundbased payments with no carbon credits attached.
However, others feel that it is unlikely that this
type of ‘voluntary payment’ approach can raise the
amount of money required. Therefore, there is also
discussion about compliance-based funding, either
at a government to government level or through a
mechanism similar to the CDM.

Other important markets for REDD and the
international land-use sector are emerging in the
US at the State and federal level. In fact, established
36

climate regulatory regimes in California and other
States already incorporate terrestrial credits and may
well allow for the use of international offsets in the
near future, and the recent American Power Act which
specifically includes REDD as an element could create a
very substantial market for international REDD credits,
potentially surpassing the EU ETS in size.

Standards for terrestrial carbon
The only permissible standard under Kyoto – for
project-based credits from developing countries is the
CDM. In a fundamental difference to regulatory
markets, there are no mandatory standards for
carbon credit generation that need to be followed in
voluntary markets. As a consequence, a large variety
of third-party verified and proprietary standards
have been used until recently. These differ widely
in quality and level of formalisation (and have
attracted a similarly wide range of prices).
However, there has been a strong trend towards
high-quality and independently verified standards
with VCS leading the way (CAR in the US). Many projects
that are certified against the CDM also sell ‘preregistration credits’ on the voluntary markets. Overall,
standards have emerged as the main price determinant
in voluntary markets, whereas the project type had
previously been the best indicator. This is a clear
indication of the importance now attached to quality
and independent verifiability of carbon credits also in
the voluntary markets.
For reforestation credits, the VCS has already emerged
as the preferred voluntary market standard although
projects have so far mainly applied CDM-approved
methodologies, which can be used under the VCS.
Also for international REDD projects, the VCS is set
to become the dominant standard because of its
broad acceptance across various categories of offset
projects across all sectors. Importantly, the first two
forestry projects (reforestation) have recently been
successfully validated against the VCS and many
more projects are eagerly awaiting VCS validation and
verification. Its application to REDD projects is thus far
hampered by the absence of approved methodologies.
In the meantime, project developers are applying
the guidance provided for the land use sector by the
VCS, relying on draft methodologies, and pursuing

Further information on the REDD+ Partnership can be found at http://www.forestcarbonportal.com/resource/interim-redd-partnership-established-oslo
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Climate Community and Biodiversity Standard (CCBS)
certification.
Additional certification under the Forest Stewardship
Council (FSC) or the CCBS may be sought by carbon
forestry projects. Unlike the above-described standards,
FSC and CCBS constitute a quality certificate related
to the design, set-up and co-benefits of a project,
and are not aimed at the issuance of carbon credits.
Co-Certification under the CCBS or FSC schemes
formalises the additional environmental and sustainable
development attributes of a project. In conjunction with
a high-quality carbon standard such as the VCS, this
has become best practice for ambitious projects and
enables projects to potentially obtain higher carbon
prices as well as improved market access. In addition,
the CCB and FSC standards are also a valuable riskmanagement tool in that they provide an adaptive
instrument for ensuring good community relations and
lowering non-permanence risks in forestry projects.
The Plan Vivo standard offers an interesting alternative
for small-scale reforestation projects and can also
potentially be used for avoided deforestation or
degradation projects. While not aiming at the same
level of formalisation as the CDM or the VCS, Plan
Vivo projects do need to follow approved ‘technical
specifications’ (methodologies), but there are
substantially lower hurdles regarding documentation
and verification in order to lower transaction costs.
Although much less widely known as its big brothers,
there are in fact more registered Plan Vivo than VCS
projects at present.

CCBA and CARE are working together to develop
a social and environmental standard for REDD+ at
a national level since this appears likely to be an
important scale of planning and monitoring. The
REDD+ Social and Environmental Standards (REDD+
SES) is being developed by a multi-stakeholder group
including representatives of government, NGOs,
Indigenous Peoples and local communities and will
undergo field testing in late 2010.

4.7 Summary
This section has discussed the ways that philanthropists
can use carbon markets, or, more specifically, the
experience derived from carbon markets, to deliver
philanthropic ends. Markets have developed stringent
reporting requirements that place emphasis on the
accurate calculation of baseline emissions, and require
accounting for leakage effects. Methods for this,
however, are largely un-tested in the African context,
due to the small number of projects to-date and the
paucity of primary data on stocks and emissions.
Experience also shows that land-use-related projects in
Africa present specific challenges. This is often due to
the small scale and diffuse nature of emissions, which
makes accounting for baselines and demonstrating
impacts complex and costly. Both factors diminish
the marginal benefit of such projects in terms of pure
carbon finance.
Nationally coordinated REDD schemes offer some
opportunities to share methodological approaches
and account for diffuse leakage problems. This is an
emerging area of interest to philanthropists.
Jatropha
planting, Zambia
cc Proforest
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5 REVIEW OF EXISTING CARBON PROJECTS IN AFRICA
This section presents an overview of existing carbon
sequestration projects in Africa. It is based on a
survey that was undertaken of projects currently being
implemented on the ground in Africa with the aim of
conserving or sequestering terrestrial carbon, and
where project design and development documents were
publically available37 .
The aim of this section is to compare and contrast the
different on-going initiatives, to highlight similarities
and differences between projects and to draw out the
lessons learned by the implementing organisations on
what makes a successful intervention.

5.1 Methodology
A survey was conducted of publicly available project
documents, reports and other ‘grey’ literature materials
relating to existing carbon projects. Developing a clear
systematic methodology for research in grey literature
is difficult due to the scope of information available,
therefore to ensure that the data collected were
representative the following methodology was used:
•

Systematic review of project development
documents registered with UN organizations

•

Snowball sampling’ of Networks/ Alliances/
Research Institutions, Consulting/ certification
companies and non-government organizations

2%

Figure 5.1

10%

Regional
distribution of
project activities

37

West Africa

Central Africa

Through a survey of publicly available literature, we
identified 68 carbon–related projects in Africa. Of
these, publicly available project documents were
available for 52. The information for these 52 projects
was analysed to provide insights into several aspects:
•

The geographical spread of project activities

•

The common types of interventions used

•

The amount of carbon likely to be sequestered/
conserved

•

The cost of activities

•

Key lessons from implementation experience

Geographical spread of activities in Africa
The 52 projects were spread within the African
continent as shown in Figure 5.1 below:
This information corresponds with what is known
about deforestation, which indicates that the East
African zone countries have registered higher rates of
population growth and higher rates of land clearance
than countries in central Africa. However, it is perhaps
surprising that more work has not been carried out
in West Africa, where deforestation continues at high
rates within the Guinea-Congo moist forest biome. The
possibility remains that there are projects ongoing in
Francophone West Africa for which project literature
may not have been detected.

North Africa

Review of carbon projects in Africa was based on data available on September 2009.

Semi-structured interviews with practitioners that
represented the various intervention mechanisms.
Discussions were conducted on the phone following
a questionnaire guide, which can be found below

5.2 Analysis of the data

59%

29%

East Africa

•
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The number of projects by country is shown in Table 5.1 below.
Table 5.1

Carbon projects by country
Country

No of projects recorded

DRC

3

Cameroon
Madagascar
Burundi
Ethiopia
Mozambique
Rwanda
Kenya
Tanzania
Uganda
Sudan
Mali
Mauritania
Niger
Benin
Burkina Faso
Ghana
Senegal

2
6
1
1
1
1
6
6
9
1
2
1
1
2
2
4
2

Nigeria

1

Total

52
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5.3 Land use interventions
Common interventions that are being implemented can
be broadly defined in the following categories.
•

Afforestation/ reforestation

•

Natural/ assisted regeneration

•

Community based forest/ plantation management

•

Community based agriculture/ agroforestry/
silvopastural management

•

Avoided deforestation/ forest protection

•

Biodiversity Conservation

•

Poverty alleviation

•

Energy efficiency

It is clear from the studies reviewed that most of
the projects are engaging with more than one land–
use type. The majority of case studies encountered
did not possess only one type of intervention but a
combination of different interventions. The prevalent
combinations of land-use interventions can be noted in
Figure 5.2.

Figure 5.2
The number
of projects in
Africa using
interventions
in the different
intervention
categories
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We classified projects within the main thematic
areas of agriculture, forestry, pasture and energy
efficiency practices. The theme of ‘agriculture’ includes
sustainable and intensified agricultural and agroforestry
practices. ‘Forestry’ includes sustainable forest and
plantation management, avoided deforestation and
protection of forests. ‘Pasture’ includes rangeland and
silvopastural management while ‘energy efficiency’
includes activities such as installation of PV solar panels
and dissemination of energy efficient stoves. The
breakdown of project activities is shown in Figure 5.2
below.
As can be noted from Figure 5.2, fewer than half of
the ‘forestry’ interventions are solely focused on
forestry activities. Around 40% are in combination
with agricultural interventions, followed by 20% with
pasture activities. Most interventions involving pasture
lands were implemented with agricultural activities,
(92%). Agricultural interventions are most commonly
combined with forestry activities, whereas energy
efficiency projects are usually implemented without
direct reference to one or other land use.
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5.4 The amount of carbon likely to be sequestered/ conserved
The presence of 68 plus carbon sequestration, avoided deforestation and reduced emission intervention projects
in tropical Africa is a step in the right direction in regards to combating deforestation and its associated carbon
emissions. However, it is more important to understand the likely impacts these projects will have in tropical
Africa. The breakdown of rates of carbon sequestration or conservation is shown in Table 5.2.

Table 5.2

Carbon rate data by country
Country

Project title

Project intervention

Size (ha)

Carbon rate
(tC/yr)

Benin

Village–based management of
woody savannah, employment
of agrosylvopastoral measures
and the establishment of woodlots for carbon sequestration

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Agricultural management, agrosilvo

176,000.00

266,908.4

Burkina Faso

Burkina Faso Sustainable Energy
Management Project

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Energy efficiency

300,000.00

69,444.4

Cameroon

SNI Anacarde

N/A

N/A

13,888.9

DRC

Ibi Bateke Carbon Sink Plantation

Reforestation/ afforestation
Sustainable forest/ plantation
mgmt
Sustainable agriculture, agro-silvo

4,120.00

22,222.2

DRC

Bonobo Peace Forest

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Biodiversity conservation
Sustainable agriculture
Protected areas

705,500.00

66,666.7

DRC

Eco Makala

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

2,000.00

5,378.8

Ethiopia

Humbo Ethiopia Assisted Natural Regeneration Project

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Biodiversity conservation

2,728.00

8,150.9

Ghana

Improved Household Charcoal
Stoves in Ghana

Energy efficient cooking stoves

N/A

18,211.9

Ghana

Project Oware

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

20,000.00

76,388.9

Kenya

Forest Again Kakamega Forest

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Biodiversity conservation

473.00

2,930.6

Kenya

Green Belt Movement

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Non-timber forest products

1,876.00

10,555.6
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Table 5.2

Carbon rate data by country
Country

Project title

Project intervention

Size (ha)

Carbon rate
(tC/yr)

Madagascar

Makira Forest Protected Area

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Biodiversity conservation
Sustainable agriculture
Forest protection

350,000.00

87,963.0

Madagascar

Ankeniheny–Zahamena – Mantadia Biodiversity Conservation
Corridor and Restoration Project

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Biodiversity conservation
Agroforestry, sustainable agriculture

3,020.00

11,111.1

Madagascar

Ankeniheny–Zahamena – Mantadia Biodiversity Conservation
Corridor and Restoration Project

Biodiversity conservation
Agroforestry, sustainable agriculture
Forest protection

425,000.00

92,592.6

Madagascar

REDD project of the forest community Ampanihy - South Weset
Region – Madagascar

Reforestation/ afforestation
Avoided deforestation

N/A

5,654.6

Madagascar

REDD and reforestation oriented
preservation of forest in Makirovana Tsihomanaomby - Sava
Region – Madagascar

Reforestation/ afforestation
Avoided deforestation

N/A

1,774.8

Madagascar

Forest carbon projects within
the protected area Marolambo

N/A

N/A

4,444.4

Madagascar

Hazovola

N/A

300.00

0.0

Madagascar

Community afforestation for the
production of firewood, construction wood and fruits

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

500.00

1,423.6

Madagascar

Solar and efficient stoves in
Southwest Madagascar

Energy efficient cooking stoves

N/A

12,406.1

Mali

Improved Household Charcoal
Stoves in Mali

Energy efficient cooking stoves

N/A

10,383.8

Mali

Acacia Senegal Plantation Project - Mali

Reforestation/ afforestation
Sustainable agricultural mgmt

6,000.00

7,407.4

Mali

Improved Household Charcoal
Stoves in Mali

Energy efficient cooking stoves

N/A

20,031.0

Mozambique

N’hambita Community Carbon
Project

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
agroforestry

67,754.00
(includes
both reforestation
& avoided
deforestation areas)

338.1

Mozambique

N’hambita Community Carbon
Project

Sustainable forest/plantation
mgmt
Agroforestry
Avoided deforestation

67,754.00
(includes
both reforestation
& avoided
deforestation areas)

6,698.9
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Table 5.2

Carbon rate data by country
Country

Project title

Project intervention

Size (ha)

Carbon rate
(tC/yr)

Niger

Acacia Senegal Plantation Project - Niger

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Agro-silvo plantation

17,000.00

18,981.5

Sudan

Community based rangeland
rehabilitation for carbon sequestration and biodiversity (direct
benefits)

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Community based rangeland
Sustainable agriculture management

700.00

919.2

Sudan

Community based rangeland
rehabilitation for carbon sequestration and biodiversity (indirect
benefits)

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Community based rangeland, sustainable agriculture management

700.00

3,050.0

Tanzania

The Uchindile and Mapanda Forest Projects

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Biodiversity conservation

10,814.00

6,843.9

Tanzania

The Idete Forest Project - Reforestation in grassland area of
Idete, Mufindi District, Iringa
Region, Tanzania

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Biodiversity conservation
Forest protection

6,000.00

33,736.8

Uganda

Uganda: UWA-Face - Mount
Elgon National Park

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

8,600.00

19,111.1

Uganda

Uganda: UWA-Face: Kibale National Park

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

10,000.00

25,000.0

Uganda

Trees for Global Benefits, Bushenyi, SW Uganda

Reforestation/ afforestation
Sustainable forest/plantation
mgmt Agroforestry
Biodiversity conservation

N/A

13,888.9

Uganda

Nile Basin Reforestation

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

2,137.00

1,549.7

Uganda

Namwasa Reforestation Project

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

8,000.00

3,589.5

TOTAL

949,647.2
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It is difficult to compare carbon values across projects
as the magnitude of the values depends on the sizes
of the projects. There are two data point values for
avoided deforestation activities, with the remainder
representing reforestation activities, agroforestry
systems, plantation management or reforestation for
protection.
From the 68 carbon projects in tropical Africa, it
was possible to extract 35 data points representing
values in tonnes of carbon dioxide, tonnes of carbon
dioxide equivalent or tonnes of carbon, per year.
The summation of these values suggests that the
intervention projects are sequestering carbon at a
rate of 969,433.5 tonnes of carbon, annually. As total,
African carbon emissions may be as much as 0.3 billion
tonnes of carbon per year, this suggests the projects
analysed only represent the potential to mitigate 0.32%
of the suggested African annual emissions from land–
use change.

Table 5.3

A few points that need to be considered when analysing
these values: (1) the carbon calculations have been done
using different types of methodologies, so there will be
variations in carbon values; (2) it cannot be assumed
that all the values represent net values; (3) carbon
calculations are often done conservatively; and (4) the
projects listed are only those for which public domain
information was available.
Despite these considerations, the result shows that
project-based interventions need to be dramatically
scaled up if they are to have a significant impact
on land-use change and its carbon emissions
consequences in Africa.

5.5 The Cost of Activities
Project budgets range from USD 0.15 million to USD
31.51million across all types of interventions. The
breakdown of project budgets is shown in Table 5.3
below. It should be noted that the project budgets
do not always represent total budgets, but particular
activities, as can be noted under the ‘Notes’ column.

Project Budgets
Country

Project title

Project intervention

Size (ha)

Project
Budget
(USD
million)

Benin

Village based management of woody savannah,
employment of agrosylvopastoral measures and the
establishment of woodlots
for carbon sequestration

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Agricultural management,
agro-silvo

176,000.00

2.50

Burkina Faso

Burkina Faso Sustainable Energy Management
Project

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Energy efficiency

300,000.00

18.00

DRC

Bonobo Peace Forest

Reforestation/ afforestation
Sustainable forest/plantation
mgmt, Biodiversity conservation
Sustainable agriculture,
Protected areas

705,500.00

6.00

DRC

Eco Makala

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

2,000.00

2.22

Ghana

Project Oware

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

20,000.00

16.00

Notes

For first
3 years.
Incorporates
capital, development,
personnel

For 20 year
accounting
period
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Table 5.3

Project Budgets
Country

Project title

Project intervention

Size (ha)

Project
Budget
(USD
million)

Kenya

Western Kenya Integrated
Ecosystem Management
Project

Reforestation/ afforestation
Sustainable forest/plantation
mgmt Agroforestry

30,000.00

9.95

Kenya

Green Belt Movement

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Non-timber forest products

1,876.00

2.40

Kenya

Forest Again Kakamega
Forest

Reforestation/ afforestation
Sustainable forest/plantation
mgmt Biodiversity conservation

473.00

0.36 0.72

Kenya

Biochar Project – Kenya

Reforestation/ afforestation,
Agroforestry
Sustainable agriculture

N/A

0.36

Madagascar

Ankeniheny–Zahamena
– Mantadia Biodiversity
Conservation Corridor and
Restoration Project

Reforestation/ afforestation
Sustainable forest/plantation
mgmt Biodiversity conservation
Agroforestry, Sustainable
agriculture
Forest protection

425,000.00

2.00 3.00

Madagascar

Makira Forest Protected
Area

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Biodiversity conservation
Sustainable agriculture
Forest protection

350,000.00

4.7 +

Madagascar

Community afforestation
for the production of firewood, construction wood
and fruits

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

N/A

2.71

Mali

Improved Household Charcoal Stoves in Mali

Energy efficient cooking
stoves

N/A

0.15

Sudan

Community based rangeland rehabilitation for
carbon sequestration and
biodiversity

Reforestation/ afforestation
Sustainable forest/plantation
mgmt
Community based rangeland,
Sustainable agriculture

700.00

1.59

Tanzania

Integrated Renewable
Energy Development and
Environment Conservation
(IREDEC), Tanzania

Reforestation/ afforestation
PV solar panels, energy efficient cooking stoves

N/A

0.67

Notes

Annual
operating
expenses

For initial
phase - to
get agreement for
forest
protection &
design carbon project
(values for
Ankeniheny–
Zahamena
component
only)

For monitoring, verification and
validation

For project
implementation
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Table 5.3

Project Budgets
Country

Project title

Project intervention

Size (ha)

Project
Budget
(USD
million)

Uganda

Trees for Global Benefits,
Bushenyi, SW Uganda

Reforestation/ afforestation
Sustainable forest/plantation
mgmt Agroforestry
Biodiversity conservation

N/A

0.93

Uganda

Nile Basin Reforestation

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

2,137.00

5.46

Uganda

Namwasa Reforestation
Project

Reforestation/ afforestation
Sustainable forest/plantation
mgmt

8,000.00

12.85

Regional
(Burundi,
Rwanda,
Uganda,
Tanzania)

Transboundary agroecosystem management
programme for the Kagera
River Basin (Kagera Tamp)

Reforestation/ afforestation
Sustainable forest/plantation
mgmt Sustainable agriculture
Agroforestry, agro-silvo
Biodiversity conservation

N/A

31.51

Regional
(Mauritania,
Senegal)

Biological Diversity Conservation through Participatory Rehabilitation
of the Degraded Lands
of the Arid and Semi-Arid
Transboundary Areas of
Mauritania and Senegal

Reforestation/ afforestation
Sustainable forest/plantation
mgmt Biodiversity conservation

6,000,000.00

12.37

Regional
(Tanzania,
Uganda,
Kenya)

Reforestation, sustainable
agricultural management

Reforestation/ afforestation
Sustainable agriculture

N/A

6.48

Much like carbon values, it is often difficult to compare
average costs across projects since the magnitude of
the cost is dependent on the size, goals and objectives,
country and complexity of the project. For the purpose
of this cost analysis, costs per hectare values were
not calculated as it is not always clear where project
activities are implemented.
According to interview responses, larger sized projects,
despite being more expensive, are more cost efficient
as costs per hectare are often much lower than with
smaller projects.
It was also pointed out that projects should not cover
all costs of project components, such as payments
for monitoring activities and alternative livelihoods,
as this may allow the local communities to become
far too dependent on implementing bodies for their
livelihoods, and therefore reduce the chances of the
project from being sustainable in the long-run.

Notes

5.6 Key environment (non-carbonrelated) and social Impacts
Many of the case studies describe the expected
environmental and social benefits that would arise
from the implementation of the projects, as required
for carbon reporting, while very few have reported on
the actual benefits. It should be noted that the majority
of projects implemented in Africa are at very early
implementation stages therefore progress reports have
not yet been developed. Even the few projects that
have been completed may not have made the findings
available in the public domain. Therefore, making
meaningful comparisons between reported actual
benefits versus reported expected benefits may be
difficult due to the small sample pool available.
Since case studies were chosen for analysis based
on one of the main objectives including carbon
sequestration and conservation, many of the stated
environmental benefits are attributed as ‘co-benefits’,
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such as improvements in air quality and reduction of
soil erosion.
According to the project information, ‘improving
biodiversity’ is the most often stated environmental
co-benefit of land-use intervention projects although
no case studies have actually reported biodiversity
improvements as a result of project implementation.
Once again, it is important to note that many projects
are still in their pilot-stage, therefore actual benefits of
the projects cannot be determined as of yet. However,
projects have focused on less forest destruction,
improved hydrology/ watershed quality, reduction
in erosion and improvements of biodiversity as key
leading co-benefits from land-use intervention projects
in Africa.
Compared to expected environmental impacts, more
case studies have targeted the expected social cobenefits from land use intervention projects. This
may be due to a variety of reasons that include
implementing bodies realising that successful project
implementation depends on these social factors
and/or the social focus reflecting on investor/donor
preferences. Another reason for the high prevalence
of reported expected and actual social benefits
can be attributed to social benefits being more
easily quantifiable in the short term compared to
environmental benefits. When recording environmental
benefits, such as increased biodiversity, a longer
timeframe is usually required to capture meaningful
change. This does not necessarily mean that carbon
benefits are not or will not be observed along the
environmental gradient in a given project. Lastly,
there are a large number of environmental projects
being implemented in Africa which do not include
carbon sequestration or conservation as a main
objective, but which indirectly benefit carbon storage
despite not quantifying the amount. However, it is
important to highlight that while social benefits are
more identifiable in the short-term, effective long-term
change also occurs in a longer timeframe.
According to the analysis, community development
is most frequently cited as a social co-benefit of
the project implementation, usually in terms of
improved income diversification, more employment
opportunities, access to healthcare and education.

Sustainable wood products are also a frequent
objective, usually linked to issues such as long-term
supply of wood products for fuel, construction, and
income generation through timber sales.

5.7 The problems of leakage
CDM/ UNFCCC/ Voluntary carbon market projects
require that project implementers assess any expected
risks or leakages from the project in order to be
considered under their regulations. However, the
availability of information on how leakage estimates
were made was very poor. Our analysis uncovered
only a handful of detailed assessments, and in fact
most projects focused only on direct leakages from
project activities. Leakage of carbon from activities
that are displaced due to project activities is regularly
flagged as a potential negative impact, but few studies
had yet attempted to quantify this in detail. Robust
quantification of leakage impacts remains a rapidly
evolving field of expertise, but is clearly critical to
determine overall benefits of a project intervention.

5.8 Stakeholder questionnaire
Of the 52 projects for which documents were obtained,
we selected 10 for more detailed follow up. The 10
projects were selected on the basis of their potential
relevance to the intervention areas identified by FPAN.
Follow up was made through telephone interviews
with members of project institutions, using a semistructured interview questionnaire.
The questionnaire is shown below, together with the 10
project case study reports generated.
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Stakeholder Questionnaire
Date of Interview: ......................................

Project name: ..................................................

Name of Interviewee:..................................

Country involved: ..........................................

General
1.

Where are the project sites and what size(s) are they?

2.

What is the project duration?

3.

Who are the main collaborators of this project and what are their roles?

4.

What are the main aims/ objectives of this project?

Project Activities and Intervention
5.

What are the main activities implemented to achieve the project goals?

6.

In terms of carbon, what are the main activities being implemented?

7.

How were the project sites chosen?

8.

How was the intervention (s) mechanism (s) decided upon?

9.

In what way do the project activities you mentioned reverse these threats?

Carbon Measurements/ Impacts and Costs
10.

What are the baseline carbon values prior to project implementation?

11.

What are the carbon sequestration or reduced emission rates the project expects to achieve?

12.

What are the measured carbon sequestration/ reduced emission measurements to date? (if any)

13.

What are the identified risks or leakages of this project?
a. What are their associated carbon values, if any? How do you aim to resolve them?

14.

What carbon measuring system is in place?

15.

What carbon monitoring system is in place?

16.

What economic benefits are being captured? And who receives the benefits?

17.

What are the other identified co-benefits expected and/or realised from this project?

18.

How are you accounting for the project costs?

19.

Is it possible to give a breakdown of the project’s main expenses?

Project Framework/ Evaluation
20.

What institutional support has this project required to implement project activities smoothly?

21.

What indirect factors (such as capacity building, training, technology transfer, education, healthcare, etc)
does the project implement to meet project goals?

22.

How are concerns/ disputes regarding project activities identified and resolved?

23.

What were the main challenges faced when implementing the project activities?

24.

What needed to be considered, in terms of the local context, before implementing this project?
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5.9 Project case studies
A total of ten interviews were conducted, case study
reports from these interviews are represented below.
Project name: The Ankeniheny-Zahamena Corridor

Country: Eastern Madagascar

Intervention type: Avoided deforestation

Project size: 425,000ha

Crediting period: 2005 – 2035

Project status: PDD development

Project manager: National Government, Conservation International,
WorldBank’s BioCarbon Fund, etc.

Carbon owner: National Government

Decades of deforestation have left Madagascar with only 15% of its original forest. The major threats in this area
have been identified as logging, mining and agricultural expansion. The forest is home to several endemic and
near threatened species including 11 species of lemurs, 129 reptiles and amphibians and over 2000 plant species.
The project aims to create protected areas, based on sites with high biodiversity concentrations, through community-led conservation activities, while developing alternative livelihoods and improving access to basic health care
and agricultural support services.
Carbon methodologies & measurements:
Aim to prevent more than 10 million tonnes of CO2e in 30 years from 425,000ha of forest. Calculations are based
on field estimation of aboveground biomass. Aboveground carbon stock was calculated using allometric equations
using tree measurements from sample plots. The below ground stocks were derived from above ground stock using standard IPCC formula.
The project is generating credits in the voluntary carbon market, specifically for VCS validation.
Data collection:
Data collection for the purpose of carbon measurements is done by CI staff and graduates from Malagasy Universities.
•
Tree measurements from sample measurement plots - visited and inventoried in the field
•

Monitoring activities of potential leakages

Economic, Environmental and Social Benefits:
Economic: Increased income from direct employment activities, alternative livelihoods and carbon revenues (approx 50% of total carbon revenues will go to the communities)
Social: The clarification of land tenure issues in some parts of the project area, formalised rights of local communities to access forest resources and access to techniques to improve food security
Environmental: Increased biodiversity conservation, soil stabilisation
Project Costs:
Project – initial phase to get agreement for forest protection & design the carbon project (including conducting
public consultations) will cost between USD 2-3 million. Project’s main expenses have been identified as (1) establishment of protected area; (2) conducting carbon measurements, (3) developing conservation agreements and (4)
establishing other development activities. Long-term management costs once the project is well established are
estimated at approx USD 1 million per year
Reference: James MacKinnon (Conservation International – Madagascar), CI (2008).

Box 5.1
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Box 5.2

Project name: Bonobo Peace Forest

Country: Democratic Republic of Congo
(DRC)

Intervention type: Avoided deforestation

Project size: 700,000ha

Crediting period: 25 years

Project status: PDD development

Project manager: Bonobo Conservation Initiative, other local
organisations and government

Carbon credit owner: Development process

The forests in the DRC is home to some of the most threatened and endemic species in the world in addition to
valuable forest resources that have been over exploited during the recent warfare from bushmeat hunting and
mining. The Bonobo Conservation Initiative (BCI) has been active in the DRC for over 10 years, identifying priority
bonobo sites and implementing innovative conservation solutions. There are presently 2 main project sites, Kokolopori (400,000ha) and Sankuru (3,000,000ha). The projects see potential in the carbon market, especially in the
avoided deforestation component and carbon frameworks are currently being developed.
The project aims to establish a system whereby the local people, organisations and institutions lead in the development, management and enforcement of protecting the forest. This will involve establishing protected areas,
building the capacities of Congolese partners and indigenous communities and increasing global awareness about
conservation and carbon.
Carbon methodologies & measurements:
Based on preliminary estimations, the project hopes to generate 4.5 to 7.5 million tonnes CO2e per year for 25
years from 700,000ha of land in Sankuru. In Kokolopori there is a reforestation component which will be aimed for
CDM validation, whereas the avoided deforestation component will aim for the voluntary market.
Data collection:
Data collection for the purpose of carbon measurements and monitoring, which will predominantly be conducted
by local entities with expert expatriate advice and supervision, include:
•
Baseline biodiversity pre-feasibility studies to find areas of high bonobo/ biodiversity conservation
•

Baseline carbon assessments – using field measurements based on sample field plots and using land-sat
maps, estimations of carbon was possible.

•

Monitoring activities of potential leakages and carbon measurements.

•

Wider socio-economic and environment/ biodiversity assessments

Economic, Environmental and Social Benefits:
Economic: Expected impacts from alternative livelihoods and carbon revenues.
Social: Communities benefited from construction of schools and health centres, increased technical capacity by
local institutions (individuals developed conservation centres by themselves, were trained in carbon measuring),
community empowerment
Environmental: Biodiversity conservation (especially bonobos)
Project Costs:
The project will approximately cost USD 6 million in 3 years, and incorporates capital, development and personnel
components.
Reference: Michael Hurley (Bonobo Conservation Initiative)
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Project name: Forest Again, Kakamega Forest

Country: Western Kenya

Intervention type: Reforestation, biodiversity conservation, sustainable plantation
management

Project size: 473 ha (Site
A: 212ha, Site B: 261ha)

Crediting period: 2009 - 2049

Project status: Feasibility
workshop in 2008

Project manager: : Kenya Forest Service, Kakamega Environmental Education
Programme, National Museum of Kenya, Moi University (MOI), Masinde Muliro
University (MMU), BIOTA and others

Carbon owner: Making
Connections

50% of the Kakamega Forest has been lost since it was gazetted for protection in 1933. There is high demand for
timber products and forest-related income, driven by population growth and poverty levels (>60%). Fuel wood extraction rates are estimated at 87,500 tonnes of wood per year, which is much higher than the sustainable level of
harvest, (modelled to be 7260 tonnes per year). These extraction levels, coupled with the high degree of poverty
(over 90% of forest adjacent people use forest to supplement their income), have led to severe fragmentation of
the Kakamega National Forest.
The project aims to sequester carbon dioxide in Kakamega forest through reforestation, enhanced forest management, biodiversity conservation, development of alternative income projects and fuel wood reduction strategies
(fuel efficient cooking stoves) on grassland habitats.
Carbon methodologies & measurements:
The project aims for net GHG removals of 422,003 tonnes CO2 (in 40 years) or 900 tonnes of CO2 per ha (40
years). Baseline and leakage estimates measured to be 9460 and 292 tonnes of CO2, respectively. Carbon estimations are based on aboveground, belowground and deadwood biomass.
The project is hoping for validation against CCB by Rainforest Alliance.
Data collection:
Carbon estimates, measurements and monitoring will be done by MOI, BIOTA and MMU. Activities include:
•
Carbon stock estimations based on sampling design of reference forest (adjacent to project sites) using GIS,
satellite imagery, published studies and interviews.
•

Allometric equations used to calculate aboveground, belowground and deadwood biomass.

•

Monitoring of carbon-related activities done annually, while deadwood biomass done every 5 years.

•

Monitoring and measuring of biodiversity and other socio-economic variables.

Economic, Environmental and Social Benefits:
Economic: Creation of more than 100 jobs in the local community.
Social: Women empowerment, access to healthcare and education.
Environmental: Less forest exploitation due to on-farm tree planting, promotion of alternative livelihoods and usage of fuel efficient cooking stoves, and biodiversity conservation.
Project Costs:
The project estimates a cost of USD 5-10 per carbon ton and USD 2.2 – 4.3 million in projected total revenue. Annual operating expenses are forecasted at USD 360,000-720,000 and wages/ benefits USD 70,000-80,000. Costs
do not fully include livelihood development expenses (clean water, electricity, schools).
Reference: Benjamin Okalo (KEEP), Lung (2008)

Box 5.3
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Box 5.4

Project name: The Idete Forest Project

Country: Mufindi District, Iringa Region,
Tanzania

Intervention type: Reforestation, biodiversity conservation,
sustainable plantation management

Project size: 6000ha

Crediting period: 2006 – 2025

Status: Pending validation

Project manager: Green Resources Limited, Tanzania (GRL)

Carbon owner: GRL

Deforestation in Tanzania is linked to poverty, population growth and poor agricultural practices. Demand is
increasing over the available supply; therefore, there is a need to manage the remaining forests and resources sustainability. The project area has been in a steady state of grassland for over three decades, experiencing frequent
fires which prevented the grassland from regenerating naturally. The communities near the proposed project area
are very poor and comprise mostly small scale subsistence agriculture farmers.
The project aims to meet this growing demand for wood products and sequester carbon, while contributing to
sustainable environment management, community development and poverty alleviation through the establishment
of well-managed plantation forests on degraded grasslands and forest protection for environment conservation.
Carbon methodologies & measurements:
The project expects to generate about 3.04 million tonnes of CO2e in 25 years from 6000 hectares of planted
area. Biomass estimations are 0.961 tonne of C per ha for the current crediting period. Baseline value will be reassessed in the next crediting period.
GRL is generating credits in the voluntary carbon market using CDM approved Afforestation/ Reforestation methodology AM0005 for the CCB standard.
Data collection:
Data collection for the purpose of carbon measurements is conducted by GRL and includes:
•
Vegetation data collection (DBH, height, root to shoot ratio, survival rate of trees) from sample plots.
•

Allometric equation for biomass to carbon emission conversion.

•

Weeding, thinning, pruning and harvesting activities rates.

•

Surveying of leakage factors (illegal harvesting, fires, fertiliser usage etc.).

•

Assessments of the wider social, economic and environmental impacts of the project.

Economic, Environmental and Social Benefits:
Economic: Increase in income from project employment and carbon revenues (10% of carbon sales goes to the
community).
Social: Increased employment opportunities (90% or more of labour force will come from the nearest community),
women empowerment, improved healthcare, infrastructure and technical capacity.
Environmental: Improved soil fertility, protection of water sources, and enhancement of biodiversity.
Project Costs:
Main expenses have been identified as Capital and Staff Salaries.
Lessons Learned:
•

Importance of support from Designated National Authority (DNA) for CDM inclusion.

Reference: Jenny Henman (Green Resources AS), UNFCCC PDD
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Project name: The International Small Group Tree Planting Program (TIST) Kenya

Country: Meru and Nanyuki,
Kenya

Intervention type: Community reforestation, sustainable agricultural
management

Project size: 3,926,775 trees

Crediting period: Pilot project began in 2001

Project status: Development
process

Project manager: TIST, Institute for Environmental Innovation, Clean Air
Action Corporation

Carbon owner: Development
process

The main threats determined in this area are desertification of land from historical logging, continuing agricultural
practices and poverty. With growing local populations, subsistence farmers are unable to grow sufficient yields to
meet their basic livelihood needs, which can be attributed to the poor land conditions and severe droughts faced in
the area. The project area is reported to have minimal tree presence and there is an interest by local communities
to reverse this condition.
The project aims to empower small groups of subsistence farmers and to reverse the effects of deforestation,
drought and poverty through reforestation and sustainable agricultural practices. To date, there have been over
3,926,775 trees planted in Kenya. Trees chosen for replanting are local and have shown the ability to survive in the
harsh drought conditions and benefit the environment.
Carbon methodologies & measurements:
This project is not generating any certified carbon credits, as yet, but aims to generate approximately 4.47 million
tonnes of CO2 in 31years. This is based on the project’s growth rate of 2.4 ha a day. TIST is planning on starting 10
new areas in the next 8-9 years which plans to sequester approx 24 million tonnes in 30 years.
The project is currently assessing carbon based on CDM methodology ar-ams0001and is aiming for CDM validation
and perhaps VCS and CCA.
Data collection:
Data collection for the purpose of estimating and monitoring the carbon potential of replanting activities include
the following activities:
•
Data measurements of tree locations and measurements, grove area done by quantifiers (local participants)
using GPS and Palm Pilots. Quantifiers are audited every month to ensure high level of accuracy is being met.
•

Measurements to occur annually after initial baseline calculations.

Economic, Environmental and Social Benefits:
Economic: Income from tree planting (2 cents a tree per year), income from carbon revenues (70% of net carbon
revenues), income from alternative livelihoods, such as from higher agricultural yields.
Social: Community empowerment (involved with measurement, planning, management, access to market), improved technical expertise (training in agricultural best practices, monitoring and measuring, use of GPS technologies, computer), HIV/Aids conscience (educational campaigns).
Environmental: Expected impacts from improved soil fertility, windbreaks, reduced erosion.
Project Costs:
The project costs are considerably low (between USD 2-5 per tonne CO2 sequestered) and incorporates all costs
except the 2 cent per tree per year payments and the 70% net profit share from carbon revenues.
Reference: Andrew Dinsmore (TIST), Jindal et al. (2009)

Box 5.5
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Box 5.6

Project name: N’hambita Community Carbon Project

Country: Sofala Province,
Gorongosa, Mozambique

Intervention type: Reforestation, afforestation, avoided deforestation

Project size: 67,754 ha

Crediting period: 2003-2008

Project status: Issuing credits

Project manager: Envirotrade, University of Edinburgh (UoE), ECCM

Carbon owner: Envirotrade

The Miombo region represents natural open woodlands where the high population growth rate (approx 2.4%) has
led to the rapid land use conversion of these habitats. Pressure on Gorongosa National Park (GNP) for natural
resources also rose due to over 10,000 people returning to the area after being displaced during the civil war. The
major threats to GNP include poverty (the country is one of the poorest in the world), food security and over-exploitation of natural forest resources (charcoal, slash and burn). The project location was chosen to provide a buffer
for encroachment into the park.
The project aims to alleviate poverty and to develop sustainable rural communities by planting trees to sequester
carbon, protecting forests to avoid future deforestation and promotion of sustainable land use practices in the
buffer zone of GNP. Planting activities included establishment of agroforestry system, woodlots or orchards and
boundary planting.
Carbon methodologies & measurements:
Based on actual carbon measurements, the project sequestered, on average, 1,217 tonnes of CO2 per year across
all types of planting activities (excluding baseline values), and 24,116 tonnes of CO2 emissions were avoided per
year. Specific values include: agroforestry - 181 tCO2e/ha and woodlot - 156 tCO2e/ha. Carbon baseline calculations were derived from previous work and equate to 0.55 tonnes C/ha/yr in 10 years.
The project is generating carbon credits from the voluntary carbon market using the Plan Vivo methodology, and
generated credits for avoided deforestation under REDD. This entailed farmers or communities adopting ‘Plan Vivo’
contracts for various land use practices.
Data collection:
Data collection for the purpose of estimating the potential of sustainable land use practices to sequester and conserve carbon, students from the UoE and ECCM do the following activities:
•
Conduct biomass surveys (above ground, below ground and soil carbon) across all agricultural practices and
baseline scenarios (bulk density, soil nitrogen, soil carbon).
•

Measure regional deforestation baselines (based on consultations/ GIS).

•

Conduct carbon modelling – using data from measurements and deforestation rates.

Economic, Environmental and Social Benefits:
Economic: Income gains from carbon revenue (30% of carbon payments made immediately to farmers after planting, then 12% of payments made annually for 5 years), alternative livelihoods (guinea fowl, micro financing) and
employment (increased from 8.6% in 2004 to 32.2% in 2008 due to the project).
Social: Establishment of school house and health post, improved food security, empowerment of women (40% of
project participants are women who benefit directly from payments).
Environmental: Maintenance of biodiversity, improvement of soil fertility, reduction of soil erosion, decreased pressure in GNP for resources.
Project Costs:
The project generally cost about USD 10 per one tonne of CO2 sequestered. Between December 2005 and July
2007, there were six carbon sales ranging from USD5580 to 300,000. The project generated total carbon revenue
of USD 650,000 for 79,658 tonnes of CO2.
Lessons Learned:
•

Important to choose a location where rainfall is more reliable – ensures reasonable biomass production.

•

The project can yield more carbon offsets at a lower cost when smallholder sequestration activities are
combined with REDD activities.

Reference: John Grace (University of Edinburgh), Fernando (2005), Grace et al (2007)
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Project name: Improved Household Charcoal Stoves in Mali

Country: Greater Bamako region, Mali

Intervention type: Energy efficiency

Project size: 318,748 stoves

Crediting period: 2007 – 2016

Project status: Pending verification

Project manager: E+Carbon and Katene Kadji

Carbon owner: Katene Kadji

Wood and charcoal accounts for around 85% of the city’s fuel requirement. The project calculates that wood is being harvested at approximately twice the rate of re-growth.
The project aims to reduce the demand for fuel wood and charcoal from Bamako, through the provision of fuel
efficient charcoal stoves (made by Katene Kadji). This will be done through product marketing and conducting
outreach campaigns in the communities to raise the awareness of the health and environmental risks associated
with traditional stove usage. The demand for wood and charcoal appears to exert heavy pressure on the surrounding area, which is also being cleared for crops, and is susceptible to fire. Population growth in the city is increasing this pressure. The improved charcoal stoves (SEWA stove), which are about 40% more efficient than traditional
stoves, will be subsidised to end-users from revenues generated from carbon credits once the project is verified.
Carbon methodologies & measurements:
The project expects to generate about 721,117 tonnes of CO2e in 10 years from the sales of 318,748 stoves. Each
average sized stove reduces charcoal use from approx 3kg per day to approx 2.4kg. Assuming a wood to charcoal
ratio of 5-1 this saves the consumption of 3kg of wood per day per household, or about 1 tonne per year.
The project is generating credits in the voluntary carbon market using the Gold Standard VER Methodology titled
‘Indicative Programme, Baseline and Monitoring Methodology for Improved Cook-Stoves and Kitchen Regimes Version 1’.
Data collection
Data collection for carbon monitoring purposes is conducted by Berkeley Air Monitoring Group BAMG and includes:
•
An assessment of fuel savings achieved at the household level.
•

Re-assessing fuel mix and use by each cluster bi-annually.

•

Surveying for leakage factors.

•

Data collecting regarding stove-age and its emission reduction performance by each cluster bi-annually.

•

Assessments of the wider social and economic impacts of the project.

Economic, Environmental and Social benefits:
Economic: increase in families’ disposable income due to lower expenses associated with woodfuel purchase (estimated saving: USD50 per year for an initial investment of USD7-13).
Environmental: Improved air quality; reduced pressure on the forest.
Social: Improved health; improved livelihood; increased employment opportunities – in (stove manufacture, distributing, retailing and maintenance); improved business capacity.
Project costs:
Carbon financing – monitoring, verification and validation can cost approximately USD 150,000 per project.
Reference: Erik Wurster (E+Carbon), The Gold Standard PDD

Box 5.7
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Box 5.8

Project name: Project Oware

Country: Ghana

Intervention type: Reforestation/ sustainable forest
management

Project size: 20,000ha

Crediting period: 50 years from 2010

Project status: Pending validation

Project manager: Arborcarb

Carbon credit owner: Carbon Finance Limited

The project aims to carry out reforestation within degraded natural Forest Reserves in the Brong Ahafo, Ashanti
and Western Regions of Ghana to return them as close to their original form as possible. Planting will use a mix of
indigenous tree species. Arborcarb established a Ghana forest company called ‘Carbon Forest Limited’ (CFL) as a
standalone business to manage the establishment and management of the project.
To establish the project, CFL entered a commercial plantation agreement with the State (who governs the forest
area), a benefit sharing agreement with the State and the Landowners and a social responsibility agreement with
the Landowners and Fringe communities. As well as forest areas in need of restoration, clear and unambiguous
land rights were a key factor in determining the suitability of project areas.
Project Activities:
Nursery development: Nurseries to produce high quality seedlings from 15 different species for large scale plantings.
Tree planting: A mix of indigenous tree species is being used for reforestation.
Monitoring/ maintenance activities: Annual verification against the VCS.
Carbon methodologies & measurements:
The project will establish 20,000ha of semi-natural forest over 15 years. This is estimated to absorb over 11
million tonnes of CO2e generating 6.88 million tonnes of CO2e for sale as Voluntary Carbon Units. Estimates were
generated using a plantation model, which meets IPCC Tier 3 requirements, based on long-term inventory data
from Ghana forests.
Potential leakage threats mean that the net GHG removals will be approximately 20-25% of total carbon sequestered within planted trees.
The project aims to generate carbon credits for sale in the voluntary carbon market being validated to the VCS and
CCB standards.
Economic, Environmental and Social benefits:
Economic: approx 150 full-time and 1200 part-time jobs for members of the Forest Reserve fringe communities.
Communities will receive carbon revenues, longer term timber revenues and an annual per hectare rent for their
land.
Environmental: biodiversity conservation and restoration of ecological services.
Social: broadened livelihood opportunities, improved education and primary health care services, improved infrastructure and short-term food crop production on planted land until canopy closes. Trust fund for the local community to be established to generate income for livelihood needs.
Project costs:
Total cost approx USD 800/ha over 20 years. Mostly during the first four years of (establishment and maintenance
of planted trees).
Reference: Michael Packer (Arborcarb)
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Project name: UWA-Face Natural High Forest Rehabilitation – Mt. Elgon
National Park

Country: Uganda

Intervention type: Reforestation

Project size: 8,600ha

Crediting period: 1994-2002;

Project status: Issuing credits

Project manager: FaceFoundation Netherlands and Uganda Wildlife
Authority (UWA)

Carbon owner: FaceFoundation
Netherlands

Mount Elgon National Park (MENP) in Uganda experienced serious agricultural encroachment between 1970 and
1985 that resulted in the destruction of over 25,000 ha of primary forests. High immigration rates over the years
resulted in 17% of the reserve being deforested by 1990 and presently, 30% of the 112,100ha National Park is affected by encroachment. Local communities surrounding this area are impoverished and depend heavily on MENP
for their livelihood.
The project aimed to address the forest pressure by reforesting 8,600ha of formerly encroached areas of MENP
with native species and has restored the integrity of the degraded land, enhanced biodiversity while providing
employment opportunities to the communities adjacent to MENP.
Carbon methodologies & measurements:
The project generated a net amount of 390,000 tonnes CO2e (risk free amount of 200,000 tonnes CO2e) between
1995 and 2002 based on 8,600 ha and almost 3.5 million trees. CO2 captured within the first 20 years expected at
net 8 tonnes CO2 per ha per year. These calculations were done based on above ground and below ground biomass
only. The project generated credits from SGS’s protocol (SGS FM/COC-0980) which is similar to a CDM methodology and has been FSC certified.
Data collection:
Data collection was done by the local authority and specialist consultants. Activities involved:
•
A field inventory of carbon stocks in 2002 including the area planted between 1994 and 1999. Tree
measurements were done in 273 plots of 2,000m2 each.
•

Assessing species to be planted by reviewing MENP forest reserve map from 1966 and previous scientific
work.

•

Monitoring tree growth and performance from field data (measurements done in 3, 5, 12, 18, 24 and 36
months).

•

Monitoring of leakages, such as fire outbreaks, and forest maintenance.

•

Assessments of wider socio-economic and environment factors.

Economic, Environmental and Social Benefits:
Economic: Increased income due to stable employment (any given point, project employed 500 people) and additional income from revenue-sharing scheme in agreement with UWA.
Social: Local communities received non-wood benefits from the forest, experienced improved livelihoods, especially women, increased capacity in technical forestry and conservation skills, access to technology and infrastructure
development.
Environmental: Maintenance of the watershed, protection against landslides, biodiversity conservation.
Project Costs:
The project was funded entirely by FaceFoundation and cost breakdowns indicate that the cost per tonne of CO2e
to date was EURO20. Please note that this value will become lower over time.
Lessons Learned:
•

Importance of working in areas where there is clarity in land rights.

•

Difficulties working in areas associated with high population growth and land pressure

•

Importance of combining conservation/ climate mitigation efforts with other land use models

Reference: Denis Slieker (FaceFoundation, the Netherlands), FSC (2007), UWA-Face Project (2008)

Box 5.9
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5.10 Summary: factors that affect the
success of project implementation
This section discusses the factors that can increase the
successful implementation of projects on the ground.
The points highlighted here are drawn from interviews
held with representatives of organisations that are
currently involved in carbon sequestration or reduced
emission projects in tropical Africa. The information is
based on 10 different carbon project examples, with
project activities of the following types:
•

Reforestation/afforestation

•

Avoided deforestation

•

Sustainable forest management

•

Agroforestry

•

Energy efficiency

The background to most of the case studies mentioned
here can be found in the case study summary sheets.

Presence of local interest (local
entrepreneur, government interest, etc.)
Interviews with three projects (Improved Household
Charcoal Stoves in Mali; Biochar Project-Kenya; TIST –
Kenya) indicated the benefit of having a local partner
on the ground. A local partner institution will be both
more knowledgeable about the local context and
Stakeholder
consultation,
Ghana
cc Proforest

the local political issues, and in a better position to
resolve potential political problems. Some stakeholders
have mentioned the importance of finding a local
entrepreneur (can be an individual, organisation,
government entity, etc.) who can take a financial stake
in the project, can provide local energy and drive
and who can be committed to the project at a more
personal level.

Land tenure issues
Land tenure rights, or the lack of clear knowledge of
rights, can seriously slow down the implementation of
projects. It is important for would-be project sponsors
to understand how the national government defines
and delineates the land, the political history behind the
type of land rights in the project area, how property
rights have been allocated (i.e. who has authority
to determine how a resource is used) and crucially,
whether the communities within the proposed project
area have clearly defined rights of use. It should be
noted that projects can also provide the opportunity
to clarify these issues (for example the AnkenihenyZahamena corridor project). Examples of such projects
where land tenure issues played an important role in
project outcomes are:
•

Project Oware

•

UWA-Face
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The importance of feasibility
assessments

Institutional support (training, capacity
building, technical support)

Conducting socio-economic, biological, carbon and
feasibility assessments should take priority before
project sites and objectives are finalised. These
assessments will reveal the main threats and issues
that need to be addressed in each site and will
determine where projects eventually get implemented.
With afforestation projects, it is important to allow
climatic conditions, such as rainfall and soil type, to
determine the appropriate plantation type. Community
perceptions and interest in the project is another
key component for viable project implementation.
Community perceptions will be affected by the degree
to which project activities are tailored towards their
specific needs and aspirations. Thus, the development
needs of the area need to be determined and the
extent to which the project is addressing these
should be clarified. Baseline information for carbon
potential obviously needs to be assessed, as this is a
requirement of the certification/accreditation process
under the various carbon standards.

Functional institutional frameworks at all levels,
ranging from villages/ communities to national
governments and organisations, are vital for smooth
project-activity implementation. Stakeholders bring
along with them a variety of expertise, which plays a
vital role in supporting project implementation, from
technical capacity building, to field assessment training
and financial support. Transparent systems also need
to be in place that allows for stakeholder engagement,
information sharing and dispute mechanisms, which
allows the project framework to continuously evolve
to become more effective. These mechanisms
help establish viable community development and
alternative livelihoods. Clearly defined roles for the
different stakeholders in this regard are necessary to
ensure that all project objectives are met.

Participatory approach/ stakeholder
consultation
Participation and consultations with all stakeholders
involved with the project is vital to ensure that the
variety of activities and their likely implications are
well understood by all relevant parties. In particular,
projects should ensure that:
•

the needs of all stakeholders are raised and
addressed

•

the expectations of the projects are clearly defined

•

the mechanisms of benefit-sharing are addressed

•

the roles of each of stakeholder are defined

•

relevant local traditions and cultures, and national
policies and laws are identified

•

the economic activities that the project activities will
or may be competing with

•

the responsible parties for costs incurred are
identified

Group organisation
Group organisations (associations or cooperatives)
have been useful in regards to: (1) information
dissemination; (2) cost and time efficiency – training
sessions can be done in groups as opposed to on an
individual basis; (3) problem solving; (4) community
empowerment and (5) micro-credit schemes. Examples
of such projects are: TIST – Kenya, Trees for Global
Benefits and Improved Household Charcoal Stoves in
Mali.

Self reliance/ incentive for long-term
project viability
Project managers and investors need to address the
viability of their projects in the long-term and how this
can be achieved. Several interviewees expressed the
importance of:
•

Involving local stakeholders in project activities
by providing responsibilities and incentives for
executing project activities, and

•

Providing alternative skills that allow for local
communities/ institutions to become more selfreliant in the long run
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These mechanisms are useful for making the project a
personal endeavour for the local communities. Other
approaches include:
i.

Incorporation of local communities/ institutions
into monitoring/ management activities (Project
Oware, Bonobo Peace Forest)

ii.

Financial incentives – payments to plant trees,
payments dependent on how accurate their
measurement activities are, trust funds (TISTKenya, Project Oware)

iii.

Access to the revenues from, for example, sales
of timber (Idete Forest Project, Forest Again
Kakamega Forest)

iv.

Development of technical skills: Business
management, alternative livelihood schools,
technology transfer, access to financial market,
training and technology transfer of basic
techniques to carry out components of the project
(TIST-Kenya, Biochar Project - Kenya)

v.

Diversification of income – more reliable source
of income– a great buffer against threats of
climate change. Alternative livelihoods include
beekeeping, fruit and NTFP gardens, etc.
(Mantadia Forest Corridor Restoration Project,
Improved Household Charcoal Stoves in Mali).

Presence of dispute mechanism
The presence of regular forums, meetings to raise
concerns or disputes and/or disseminate information,
is a key component that allows for continual
Forest plantation,
Ghana
cc Proforest

project implementation and increases community
empowerment. These sessions are useful for
information and experience sharing, problem solving
and provide the opportunity for members to be creative
and develop other activities (see, for example: Idete
Forest Project).

Benefit Sharing
Trust between all stakeholders, especially from
the local communities involved, determines how
effective projects can be. This can be improved by
good stakeholder participation and communication
as mentioned above. This understanding can ensure
that all key parties will execute their responsibilities
effectively and will be committed to the project in the
long-term. Key characteristics certain stakeholders have
pulled out include:
i.

Provision of jobs to the local communities
(Examples: Kikonda Forest Reserve Reforestation
Project)

ii.

Provision of development and livelihood aspects,
such as health care and school construction,
alternative livelihood training (Examples: Bonobo
Peace Forest, Ankeniheny-Zahamena corridor)

iii.

Provision of economic gains (short term or longterm), such as revenues from timber and carbon
credit sales, scholarships, trust funds (Examples:
TIST-Kenya, Project Oware, Ankeniheny-Zahamena
corridor, Forest Again Kakamega Forest,
N’hambita Community Carbon Project)
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6 SUMMARY AND CONCLUSIONS
6.1 The scientific basis of estimates and
projections
Overview of land use related emissions in
tropical Africa
Fossil fuel emissions from tropical Africa are very small
in the global context, and account for about 3% of the
global total. It has been widely assumed that land-use
change (and particularly deforestation) contributes
significantly to African emissions.
However, while some studies have estimated that landuse change adds to fossil fuel emissions, other evidence
suggests emissions from land-use change are more
or less balanced by sequestration going on in existing
forests and recovering ‘degraded land’.
Some have suggested that African forests have an
overall sequestration effect (removing carbon dioxide
from the atmosphere) despite the apparent rates of
land-use change.
There is still significant scientific debate on whether
or not land-use change in Africa is leading to a net
emission of carbon. There are major challenges in
accurately accounting for deforestation, and tracking
the changes in carbon stocks that follow forest
conversion to other land uses. There are also challenges
in monitoring actual CO2 concentrations in the
atmosphere.
While it is clear that land use related interventions in
Africa can have an impact on the carbon stored locally,
this uncertainty should be considered in discussion of
the role of African countries in emissions reductions.

Summary of stocks and accumulation
figures
Models of the impacts of land-use change are built
on average values for carbon stocks and assumptions
about what happens to this carbon under a given landuse change scenario.
The primary data reviewed for this report show average
values for land uses and interventions in Africa are
often built on scarce data points.

For example, from our literature survey, we recovered
only 14 values for total ecosystem carbon in moist
tropical African rainforest, which were taken from 3
scientific papers. This amounts to far less than one
value per tropical African country!
By way of comparison, in the UK the Forestry
Commission carries out a regular assessment of
woodlands in the UK to collect size, distribution,
composition and condition of Britain’s woodlands. This
assessment is used as the basis for national estimates
of woodland cover and condition. The survey is based
on over 15,000 1-hectare plots of woodland across
England, Scotland and Wales, and on a vegetation
classification scheme that itself is built on over 35,000
vegetation samples.
While it is possible to construct average values for
different forest types from the African literature
database we have compiled, it is essential to be aware
of the limitations of the underlying data. While many
studies have been carried out, these studies:
•

Are geographically widespread

•

Have measured different aspects (e.g. above ground
biomass, not soil carbon) and

•

Have used different methods for compiling overall
estimates

In fact, the variation in the data may be more important
than the average figures. It shows the extent of
variation between ecosystems and between different
studies. Furthermore, there is a rather limited case
history of projects and methodological approaches
to fall back on. This suggests individual projects
will need to do a great deal of experimentation and
methodological development to be able to make
projections about sequestration possibilities.
Despite the degree of variation in the data, it is possible
to re-affirm that in all cases mature forests retain and
store more carbon than all other land uses considered.
Per hectare carbon values depend on the biome, with
moist areas generally storing more carbon per hectare
than dry areas. But in broad terms natural forests
contain 200-300 t C per ha, which is compared with
150-200 for plantations, 90-95 for agroforestry systems
and 50-70 for annual agriculture. The conservation or
restoration of forest remains the most effective way to
maintain terrestrial carbon stocks.
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With regard to rates of accumulation, tree plantations
have the highest recorded average rates of carbon
accumulation (frequently above 5 t C per ha) compared
with regenerating natural forest areas (approx 2.6-2.9t
C per ha), agroforestry systems (around 2.5 t C per ha),
improved annual agriculture (1.2 t C per ha) mature
natural forest (0.6 t C per ha) and improved grazing
land (0.3 t C per ha).

Using stock values in modelling
It is possible to multiply these values by area coverage
for different land uses to arrive at estimates of, for
example, total carbon contained in agricultural lands,
or the additional sequestration benefit of changing
one land use to another. However, per hectare values
are considered more useful measurements. This is
because interventions are normally made at specific
geographical locations, and need to be adaptable to the
needs of local land users. Carbon markets and other
‘buyers’ of carbon sequestration need to be able to
measure the impact of their interventions, and impacts
can only be effectively measured at local scales.
While it is tempting to hypothesise about national or
even continent-wide impacts of moving all agricultural
land use to an agroforestry model, for instance,
hypothetical estimates of the potential carbon
sequestration benefit have limited practical value.

6.2 Evaluation of interventions
In this section, the different land use related
interventions are discussed by major land use category,
and the implications for projects in Africa are drawn
out.
There are measurements in the scientific literature
that can be used to project the extent of potential
carbon storage and sequestration from different types
of intervention. However, as discussed above, there is
wide variation in the figures, and sequestration benefits
are highly context-dependent.
Quoted rates of carbon sequestration vary considerably
due to:
•

Natural regional variation in climate soil type etc

•

Methodological variations

Forestry:
Forest protection, restoration and
regeneration
In absolute carbon terms, the protection of forests,
and specifically the avoidance of deforestation, delivers
the highest carbon saving. The maintenance of 1ha of
moist tropical rainforest (that would otherwise have
been converted to an agricultural use) represents a
saving of up to 200 t C, (720 t CO2 e).
Assuming a rate of sequestration of 2 t C per ha
per year in an agricultural context (using improved
agricultural techniques) it would take 100 years to
recover this lost carbon. However, assuming that the
forest would have been sequestering carbon at 0.6 t C
per ha per year this ‘payback’ period would be over 140
years.
Guaranteeing an actual carbon saving through
forest protection is, however, not straight forward. A
European Union project evaluation of protected area
status in Africa shows a very wide range of status and
condition. The effectiveness of protection depends on
many variables including population pressure, and the
availability of environmental goods and services from
the surrounding landscape.
Calculations of the emissions saving must consider offsite or indirect effects, which remain problematic due
to the huge range of possible effects and the difficulty
of identifying direct causal links between them.
National (coordinated) land use plans for Reduced
Emissions from Deforestation and Degradation (REDD)
appear to offer a major opportunity to account for, and
possibly combat, the consequences of leakage at larger
scales. A format for accounting and managing carbon
flows is yet to be devised, but a number of options are
already being formulated and the subject is a specific
focus of forthcoming climate talks.
While the REDD debate presents the opportunity for
payments for forest protection it should be noted
that the potential to increase the amount of protected
land remains limited in most countries. This is country
specific (depending on population density and existing
land use) and depends as strongly on factors such
as cultural perceptions about productive land use.
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Clarification of land use rights is necessary. But in
many cases land rights are connected with land use
and economic development. Where the overall objective
is conservation this can lead to complications.
Finally, protecting a forest area means addressing
the concerns of very different stakeholder groups.
Substituting logging concessions for ‘conservation
concessions’ through a simple financial payment for
the logging licence risks ignoring the employment
generation role of logging companies, and does not
address the question of timber demand. Furthermore,
where there is also pressure from itinerant agriculture,
suitable commercial arrangements may be necessary
to offset the opportunity cost for land users of not
clearing new land. The calculation of this opportunity
cost is an emerging area of research. Translating a
payment mechanism into an actual reduction in land
clearing has yet to be effectively demonstrated.

of the problem. We are, therefore, a very long way from
being able to quantify the possible magnitude of these
carbon savings.
In any case, all interventions to promote sustainable
forest management (SFM) (including RIL) depend
strongly on legal enforcement to level the playing
field and diminish the marginal benefits of illegality.
Forest certification has already been shown to have
significant traction (and can be used to promote both
RIL and increased set-aside) but the attraction of
forest certification is also dependent on strong law
enforcement to remove the benefits of illegality.
Forest Law Enforcement and Governance (FLEG)
initiatives are therefore important, not for the narrow
reason that illegal timber is carbon leaking out of the
forest, but for the wider reason that it will increase
the speed with which the industry as a whole moves
towards SFM.

SFM in logging concessions
The overall carbon emissions from logging are small,
on a per ha scale, and may even be offset by increased
rates of sequestration in recovering forest. In tropical
Africa, the carbon sequestration benefits of reduced
impact logging (RIL) alone are marginal. Note, however,
that studies on the carbon benefits of RIL have
considered only the difference between conventional
legal forest management and best practice involving
RIL. They have not considered the magnitude of illegal
harvesting that occurs in tropical Africa.
It should be noted that the issue of illegal logging
is very complex and in many cases – particularly in
large-scale operations - it is both destructive and
unnecessary, and better control would have many
benefits beyond just those related to carbon. However,
‘illegal’ activities also include subsistence and smallscale local harvesting which are important to local
economies and may not be considered ‘illegal’ by either
the practitioners or the consumers.
For large-scale illegal logging, the effective
enforcement of sustainable harvesting limits and
protected forest areas through the application of forest
laws would lead to a far greater carbon saving over
the business as usual scenario. However, due to the
clandestine nature of much illegal forestry activity,
there is very little reliable information about the extent

Community forestry
Community forest management has been shown to
lead to forest recovery in Tanzania (increased quality
of forest). It appears that the success of community
forestry in carbon terms depends on the alternative
land uses that are available, and the role of the forest
in the provision of environmental services. Rates of
deforestation in Tanzania seem to have helped the
success of CFM, as communities are able to see the
consequence of forest loss for the environmental goods
and services (such as fuel wood) on which they still
depend. In the moist tropical zone (e.g. Cameroon,
Gabon) the baseline conditions are different. Population
pressure is lower relative to the abundance of forest
resources.
In the moist tropical forest zone CFM is promoted
as a way of engaging communities with logging and
the timber sector. However, this approach delivers
less overall benefit to the communities. The marginal
benefits from commercial management of the timber
resource are less evident.
Certainly, where the alternative land uses are oil palm
or other cash crop (cocoa in Ghana) and the forest’s
role in environmental service provision is less clear, it
is hard to see that community forestry would offer a
viable alternative.
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Plantations
Plantations clearly have the greatest potential for fast
above ground carbon sequestration in woody biomass,
although this depends heavily on appropriate species
selection and good management of the plantation.
The actual carbon sequestration benefit also depends
on the level of soil disturbance that takes place during
establishment, and the quality of ground cover that is
established.
Plantations of native species (especially mixtures
of native species) may not deliver such fast growth
rates, but are likely to provide longer term benefits
with respect to soil and biodiversity. In Ghana, the
ArborCarb project is an example of using native species
for natural forest restoration using a plantation model.
This approach is attractive due to the combination of
carbon and other ‘co-benefits’ that can be claimed.
However, plantation projects often need to meet more
immediate needs of local land users (for e.g. firewood)
and house-building timber, so rapid growth may well
be the paramount consideration.

Woodfuel and charcoal interventions
There are two dominant types of intervention for
reducing fuel wood collection:
•

Efficient cooking stoves

•

Efficient charcoal production

Both are attractive because interventions are relatively
easy to implement at a local scale and have clear
commercial benefits to the participants (economisation
of resources).
Demonstrating an overall carbon saving, however,
is problematic because the ultimate goal of the
intervention is removed from the intervention activity.
More efficient fuel use has only an indirect effect on
rates of fuel wood extraction from natural forest.
Demonstrating the causal relationship between the
project activity and the desired result is extremely
challenging.
The E+ Charcoal Stoves Project in Mali aims to promote
the use of fuel efficient cooking stives. However,
demonstrating an overall carbon saving would require
the producers of the surpluss charcoal to reduce their

levels of production, and the cutters of the surpluss
wood to abandon their work for other activities. Both
factors are beyond the control of the project.

Pasture and grazing land
The areas of rough grazing land and savannah
grasslands are very significant in Africa, so although
carbon sequestration benefits of interventions are
limited on a per hectare basis, the cumulative effect
could be large.
Nonetheless, project-based interventions tend not to
be replicable over large geographical areas, as local
conditions vary. On an individual project basis, the
results of silvo-pasture type interventions will not be
very large.
It is also important to note that interventions to
intensify the production of fodder and move away
from extensive grazing depend as much on cultural
concerns as they do on technical ones. Stall feeding is
not compatible with animal husbandry traditions in all
cases.
Link to fuel wood collection: also a factor promoting
the degradation of grazing land.

Agriculture
It is widely believed that agricultural intensification,
the amelioration of degraded lands and the slowing of
desertification in Africa offer additional opportunities
for C sequestration. But it is important to clarify the
debate about agriculture as it relates to terrestrial
carbon. Agricultural interventions are assumed to
deliver carbon benefits in two ways:
1. An increase in on-farm carbon storage and
sequestration through farming techniques aimed at
increasing e.g. soil organic matter
2. The decrease in deforestation resulting from
agricultural expansion
On a per hectare scale, prevention of deforestation
delivers a much greater carbon saving than increasing
on-farm carbon storage, and it is often stated that that
it is shifting cultivation (combined with population
growth) that is the main driver of deforestation.

70

FPAN African Tropical Forests Review of the scientific
literature and existing carbon projects: July 2010

However, preventing the expansion of shifting
cultivation lands involves addressing two issues:
•

the cultural traditions that underlie this agricultural
practice, and

•

patterns of land rights and ownership

These problems seem specifically significant for the
calculation of benefits derived from wood fuel projects.
The indirect nature of, for instance, cooking stove
interventions, relative to the ultimate goal of reducing
unsustainable wood collection, means the effect on
forests may be very difficult to quantify.

In terms of the first issue it is often assumed that
increasing productivity on the farm will result in
decreased forest clearance for new agricultural land.
However, much of the research carried out on specific
agricultural techniques is applied to farmers who are
permanent. All techniques require investment of money
or effort in the land for a long-term payoff of increased
or sustained yields. None of these techniques are
applicable in shifting cultivators, where investment in
the land is specifically avoided.

Nationally coordinated REDD schemes offer some
opportunities to share methodological approaches
and account for diffuse leakage problems. This is an
emerging area of interest to philanthropists.

This links to the second issue which is that many
farmers involved in shifting agriculture do not have any
long-term right to the land and therefore no incentive
to manage it for long-term productivity. Furthermore, in
some situations, rights to land are based on evidence of
use, creating an incentive to clear new areas of forest in
order to demonstrate use rights.

6.4 Results of the review of carbon
projects in Africa

Accordingly, serious attention needs to be given to
the question of who a given intervention is aimed at.
Increasing the productivity on permanent farms will not
change the practices of shifting cultivators.

6.3 Experience derived from carbon
market projects
Markets have developed stringent reporting
requirements that place emphasis on the accurate
calculation of baseline emissions, and require
accounting for leakage effects. However, methods for
this are largely un-tested in the African context, due to
the small number of projects to-date and the paucity of
primary data on stocks and emissions.
Experience also shows that land use related projects in
Africa present specific challenges. This is often due to
the small scale and diffuse nature of emissions, which
makes accounting for baselines and demonstrating
impacts complex and costly. Both factors diminish
the marginal benefit of such projects in terms of pure
carbon finance.

In addition, there is clearly a need for further research
to quantify the effects of different interventions,
including changes to socio-cultural practices such as
shifting agriculture, and to further understand the
interactions between different activities and actors.

Project information relating to 52 land-use related
carbon sequestration projects in Africa was reviewed.
These projects ranged from large, institutionally backed
regional projects with coordinated actions in several
countries to small, privately funded initiatives such as
improved cooking stoves or reforestation interventions.
What was clear from the survey was that most projects
were, in effect, a mixture of different interventions.
Projects aiming to reduce deforestation will typically
work simultaneously towards forest protection,
reforestation, agricultural diversification and livelihoods
development if they are to succeed.
From a project persective, this leads to significant
complexities in carrying out baseline calculations, and
project projections.
From a wider perspective it implies that initiatives to
improve terrestrial carbon management are likely to
require a combination of different approaches to be
deployed in parallel. This in turn implies the need for
engagement with a range of different actors both in
planning and in distribution of benefits. These findings
emphasize the importance of inclusive and effective
planning in national REDD preparation processes to
develop strategies and plans which recognise this
complexity and provide approaches which will work in
practice.
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The variation in focus and effort between the projects
makes comparisons of costs and effects difficult with a
low overall number of samples.

•

Several interviewees expressed frustration with
the baseline assessments and PDD development
process that is necessary for project inclusion into
carbon markets. The process is lengthy and intricate
and often very costly. A few interviewees that
already have projects in place, but have not formally
submitted for carbon standard, have expressed
concern about the high costs associated with
entering the carbon market, which has slowed down
the process substantially.

•

Site selection for project implementation cannot be
based only on the greatest threat to carbon stocks.
Instead, projects have tended to be developed
where pressure on forests is high, people are most
receptive, and where there are fewer political and
land-tenure obstacles to overcome. It would be
interesting to investigate whether the project sites
are in priority areas in terms of carbon.

•

Very few projects have considered climate change
adaptation in detail. Literature projects potential
effects on landscapes, including severe droughts in
some areas and floods in others. These issues could
negatively affect many of these projects, in terms of
carbon, biodiversity and other social indicators.

•

Most projects focus on capturing social benefits in
the short term. Projects have generally noted the
importance of involving local societies in project
implementation, as they play a key role for the
long-term viability of the intervention. The benefits
realised to date have mostly been social co-benefits.

•

Providing upfront costs to local communities
involved with the project is important. This provides
incentives to participate in the project, but also
for allowing local communities to understand and
therefore appreciate the project. Upfront costs, such
as the provision of seedlings, fertilisers, etc., make
local community members more willing to join the
project.

•

The monitoring process for carbon, leakage
and other environmental and social indicators,
is often complex. This can be very expensive
and complicated, and depends on the type of
verification or certification desired.

•

Complex projects are more costly. The involvement
of multiple stakeholders and multiple community
development, environment and social components
all increases cost. Increasing the geographical scope
has the same effect, particularly since projects need
consistent monitoring.

However, we carried out detailed follow up interviews
with 10 staff of these projects that were specifically
relevant to the areas of interest to FPAN. These
interviews brought to light several issues, including:
•

The importance of clear and uncontested land rights
and property rights in project areas

•

The importance of detailed planning including
feasibility studies

•

The importance of detailed stakeholder consultation
and local buy-in

•

The need to include institutional training/capacity
building in project activities

•

The importance of group organisation of the
relevant land users

•

The existence of a dispute resolution mechanism

•

The need for the involvement of local entrepreneurs
and for land users to have an active stake in the
financial benefit from the project.

Overall, it is clear that undertaking projects to reduce
emissions or increase sequestration of terrestrial
carbon in Africa is not straight-forward and if they
are to be effective then it will take considerable work
and commitment. It should be noted that this is not
just the case in Africa – as the global focus on REDD
continues it is rapidly becoming clear that it will be a
complex issue to address everywhere. National REDD
preparation processes, if they lead to effective national
strategies, require action plans and capacity building
as an important component of success, as well as
good research to provide reliable information and pilot
projects to provide examples of practical solutions.

6.5 Summary of feedback from project
implementation
Described below are some key lessons learned based
on interviewee responses on their intervention projects.
This section focuses on the challenges in project
implementation.
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