THE DISTRIBUTION OF
SOIL ORGANIC CARBON
STOCKS IN AFRICA
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AFRICA’S SOILS AS A CARBON SINK
The African continent’s
contribution to the global carbon cycle is a subject
of great uncertainty. This is
largely due to the lack of longterm measurements carried out
on the continent. While Africa’s
contribution to the global carbon
cycle is characterized by relatively low greenhouse gas emissions
from burning fossil fuels; a rapidly
increasing population, cropland expansion, and high rates of deforestation and forest degradation are of significant concern, particularly in the last
decade. These factors pose a significant
risk to the remaining tropical and savannah ecosystems (Ciais, et al., 2011).

With land use change on the
rise due to industrial, agricultural and social development, Africa is predicted to play
a growing role in the global carbon cycle (Williams, et al., 2007).
And, while it is generally accepted
that the continent has contributed the least to the climate crisis, it is
expected that it will likely be the most
impacted (Ciais, et al., 2011).
When not in the atmosphere, carbon can
be stored either on land in plants and soils,
or in the ocean. It is estimated that around
3,120 billion metric tonnes of carbon are
stored on land, and that 80% of this carbon
(2,500 billion metric tonnes) is stored within
our soils (Williams, et al., 2007).

Africa contains significant portion of this carbon – the continent
is believed to house approximately 154.6 billion tonnes of carbon
within the first metre of soil (Jones, et al., 2016).

This represents roughly 9% of the global soil organic carbon stock. The highest soil organic carbon
stocks are found in Central Africa, most of which is concentrated in the Democratic Republic of Congo,
which contains around 19 billion tonnes of soil organic carbon. In total, soil organic carbon represents
between 55-70% of all the carbon stored in Africa (Jones, et al., 2016).

THE DISTRIBUTION OF AFRICA’S
SOIL ORGANIC CARBON STOCKS
African soils are home to an important soil organic carbon pool that is distributed relatively unevenly
across the continent. Values range from extremely low levels in the deserts of the Sahara, Namib, and the
Kalahari through to very high in the wetlands of Sudan, the forests of the Democratic Republic of Congo,
Rwanda, Tanzania, and the Barotse floodplains in Zambia. Soils of the tropical zone contain higher levels
of carbon than the soils in savanna regions (Jones, et al., 2016).
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Figure 1: Distribution of Africa’s Soil Organic Carbon to a depth of 30 cm
(Adapted from Henry, et al., 2009).
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CENTRAL AFRICA
Central Africa is the home to the second largest rainforest in
the world, located in the Congo Basin. This tropical forest
covers some 300 million hectares and is distributed across
six countries, namely Cameroon, the DRC, Central African
Republic, the Republic of Congo, Equatorial Guinea, and Gabon.
The Congo comprises 70% of the total forest cover in Africa
and contains a significant percentage of the world’s biodiversity
(CBFP, 2006).
On average, Central Africa’s soils store between 19.3 and
19.6 billion tonnes of carbon in the first metre of soil, which
represents 11% of Africa’s total soil organic carbon stocks
(Batjes, 2008).
Across the region, the amount of carbon in the soil depends on:
•

The type and texture of the parent material

•

Drainage conditions of the soil

•

The type of land use and vegetation present

Approximately 45% of Central Africa’s soil organic carbon stock is stored within the first 30cm of soil.
Carbon concentrated in the upper layers of soil can easily be released into the atmosphere as CO2 through
respiration, or lost via soil erosion, particularly where deforestation and land degradation are prevalent
(Batjes, 2008). Central Africa’s soils are also prone to leaching, which flushes nutrients from the soil,
making them more susceptible to soil erosion.

EAST AFRICA
The landscape of East Africa is dominated by an extensive savannah,
which ranges from pure grassland all the way through to densely
wooded landscape, with pockets of forests in between (Linder, 2017).
While there is no broad estimate as to how much carbon is stored
within the soils of East Africa, a number of case studies point to a
high capacity for soil organic carbon storage.
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•

The Bale Mountains in south-eastern Ethiopia contain an
average of about 35.13 – 44.97 kilograms of organic carbon
per metre squared in their soils (Yimer, et al., 2006).

•

Tanzania stores around 3.6 billion tonnes of soil organic
carbon within the upper layer of its soils.

•

In 2000, records show that 56% of Kenya stored around 18 tonnes of soil
organic carbon per hectare, while 31% of the country stored up to 30 tonnes of
soil organic carbon per hectare (P.T.Kamoni, et al., 2007).

•

Natural and plantation forests 1 in Rwanda were recorded as having an average
soil organic carbon stock of between 310 -372 metric tonnes of carbon per
hectare (Wasige, et al., 2014).
Note: Plantations are not often natural or indigenous forests. In many instances, plantations for
palm oil, soy or other crops contribute to deforestation and land/soil degradation (W WF, N.d.).
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As with Central Africa, the soil organic carbon in East Africa’s soils is mostly concentrated in the top
layer of soil, which makes these carbon stocks highly susceptible to land degradation. For example, the
conversion of forests to cropland in northwest Ethiopia reduced the soil organic carbon stock by an
average of 70%, and soil organic carbon is easily lost from crop and grazing land due to a loss of topsoil
(Assefa, et al., 2017).

WEST AFRICA
West Africa was once clothed in forest, but the landscape has been modified by large-scale agriculture, logging
and urban expansion. This has led to a
fragmented landscape defined by largescale deforestation (Oosthuyse & Giliam,
2021). Today, the landscape has become
so altered that the vegetation zones are
classified as anthropic. This means that
humans are causing the largest impact
on these zones through land management practices like land clearing, farming, grazing, and burning (Benjamin &
Ola, 2019).
Overgrazing, agricultural mismanagement, deforestation, and over-exploitation of natural resources
are causing large scale depletion to the soil organic carbon stocks in West Africa (Batjes, 2000). The most
recent estimates suggest that approximately 90% of the forests in the region have been decimated,
which has greatly reduced the overall soil health in the region (Benjamin & Ola, 2019). This soil fertility
depletion is the single most important constraint to food security in the region (Batiano, et al., 2007).
The mismanagement of soil fertility decreases the productivity of resource-poor farmers. Large
swathes of sub-Saharan Africa soil have inherently low rates of fertility due to the lack of agricultural
development. The preservation of soil fertility and the enhancement of productivity through appropriate
management and conservation practices will play a major role in achieving greater levels of household
food security and agricultural development across Africa (Yemefack, 2014).

Despite the large-scale human
impact, West Africa still manages
to store a total of around 25,850
million metric tonnes of soil
organic carbon within the first
metre of soil (Henry, et al., 2009).
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SOUTHERN AFRICA
Southern Africa is a region of immense diversity that ranges
from the vast deserts of Namibia through to the humid
forests in Angola (Oosthuyse & Giliam, 2021). The vastly
differing landscapes in the region give rise to 10 different
vegetation zones, including savannah, grassland, dense
forests and deserts to name a few (FAO, 2000).

South Africa
South Africa stores on average 5,240 million
tonnes of carbon to a depth of one metre
(Henry, et al., 2009). The bulk of these stocks are
concentrated in the cool and wet eastern parts of
the country (Nthatuoa, 2009).
South Africa faces a number of issues that are cause
for concern. The country faces challenges to soil
health on two fronts - physically and chemically.
The biggest physical challenges to soil health
include wind and water erosion, decay of soil
structure, and compaction and crusting of the soil
surface. Chemical challenges to soil health include
acidification, salinization, and soil pollution (Du
Preez & Van Huyssteen, 2020).
Acidification is more prevalent in the humid
Eastern parts of the region, while salinization
is more limited to the arid Western regions. The
decline in soil organic matter content is driving
the degradation of living organisms in the soil, a
matter of concern in the South. This reduces the
already low soil organic carbon content within the
country’s soils (Du Preez & Van Huyssteen, 2020).
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Mozambique
Mozambique stores around 4,840 million
tonnes of soil organic carbon within the
first metre of soil (Henry, et al., 2009).
Mozambique is a country with immense
agricultural potential. Despite fertile soil
conditions, favourable weather, high
land resources and a largely available
workforce, the country imports more food
than it produces locally. The country is also
highly susceptible to climate shocks such
as drought, yet drought-resistance crops
are rarely used, and the rates of irrigation
are very low. To add to the countries
struggles is the fact that the majority of
rural producers are focused on subsistence
farming, which means that dry years can
leading to serious food security challenges
(de Albuquerque & Hobbs, 2016).

Zimbabwe
Zimbabwe is thought to store around 1,640 million
metric tonnes of soil organic carbon within the
first metre of soil (Henry, et al., 2009).
Approximately 70% of Zimbabwe’s population
live in communal farming areas with a communal
grazing system. Three quarters of these communal
farms are situated in areas that are characterised
by a low and erratic rainfall and poor soil health. A
chronic land shortage has resulted in people moving
into areas that are environmentally fragile and using
them for crop production. The soils in these areas are
subjected to high levels of continuous cultivation,
with the farmers generally putting very little
nutrients in the form of fertilisers back into the soil
leading to numerous soil deficiencies and increased
levels of acidity (Nyamangara, et al., 2008). The
increase in Zimbabwe’s soil acidity is also related
to the decreased use of manure as a fertiliser and
leaching (loss of water-soluble plant nutrients due
to rain and or irrigation) among others.

Botswana
Botswana is thought to store within the
region of 1,723 million tonnes of soil
organic carbon within the first metre of
soil (Henry, et al., 2009).
Around 0.7% of the total available land in
Botswana is arable (suitable for growing
crops). This small percentage is further
hampered by ineffective traditional
farming methods, recurrent drought,
high rates of erosion, and disease. The
land with the highest cultivation rate
is focused in the eastern region, with
principal crops grown being corn, millet
and sorghum. Despite the country’s small
population of around 2 million people,
the country still has a shortage of food,
resulting in the need to import substantial
quantities to sustain its inhabitants.

Namibia
Namibia is thought to store around 2,009 million tonnes of soil organic carbon
within the first metre of soil (Henry, et al., 2009).
Namibia is a large country with a relatively low percentage of arable land. The soils
in general are rocky and sandy, with a large portion of the country being covered by
desert. About 65% of the country depends on agriculture either directly or indirectly,
while the industry contributes around 6.4% towards the country’s GDP. Namibia
faces several challenges relating to soil health including but not limited to:
•

High rates of nutrient depletion

•

Low organic matter content within the soil

•

Unsuitable farming practices such as continuous cultivation and
monocropping

•

High cost of importing fertilizer

•

Lack of qualified soils scientists

•

Land degradation due to nutrient depletion

•

Impact of climate change and variability on soils and land productivity
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THE ECOREGIONS OF AFRICA AS
CARBON STOCKS
Ecoregions refer to areas with similar ecosystems and the same quality, type, and quantity
of environmental resources (FAO, 2000). Africa is divided into nine distinct ecoregions
highlighted in the table below. The type of vegetation present is usually a good indicator of
the amount of carbon stored within the soil (FAO, 2000). Tropical regions generally have a
deeper soil and a higher primary production rate, which is responsible for the input of more
carbon into the soil. This means that grasslands, forests, and savannah areas have a higher
soil organic carbon content. On the opposing side are the very dry, thin-soiled areas such as
the desert having the lowest inputs of carbon on the continent (Henry, et al., 2009).

Table 1: The soil carbon stocks and mean soil content for the ecoregions
present in Africa (Henry, et al., 2009)
CARBON STOCK

BIOME
Deserts & Xeric Shrublands
Flooded Grasslands & Savannahs

MEAN C
CONTENT

(1000km2)

AREA

0-30cm
(Tg)

0-100cm
(Tg)

10 084

15 450

25 469

1.53

695

2896

7209

4.17

0-30cm
(kg m-2)

Mangroves

70

465

1054

6.61

Mediterranean Forests, Woodlands & Scrub

953

2700

4924

2.83

Montane Grasslands & Shrublands

3.47

864

2999

5412

Temperate Conifer Forests

27

105

183

3.92

Tropical & Subtropical Dry Broadleaf Forests

186

928

2033

5.00

Tropical & Subtropical Grasslands, Savannahs & Shrublands

13 291

41 815

79 325

3.15

Tropical & Subtropical Moist Broadleaf Forests

3267

18 623

40 788

5.70

29437

85 981

166 397

2.92

Total

THE IMPACT OF LAND AND SOIL
DEGRADATION ON AFRICA’S SOIL
CARBON SINK
The potential for Africa to absorb and store carbon in its soil has been reduced in recent decades. This
is largely due to changes in land use as well as unsustainable land management practices, particularly
within the agricultural industry. The latest research suggests that these changes have prompted a shift
in the soil carbon sink, and that, in some cases, soils are potentially releasing more carbon into the
atmosphere than what they absorb (Commission, 2011).
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As shown in figure 2, the types of soil degradation that have the biggest limiting impact on Africa’s
ability to store carbon are:

Loss of nutrients

Wind erosion

Compaction

Contamination

Waterlogging

Water erosion

Salinisation

See Factsheet 2 for information about the threats to Africa’s soils

TYPES OF SOIL DEGRADATION
Loss of nutrients

Compaction

Water erosion

Waterlogging

Wind erosion

Stable natural

Contamination

Stable agriculture

Salinisation

Not classified

Figure 2: The types of soil degradation taking place in Africa
(Adapted from Glatzel, et al., 2014).
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