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of the ecosystem and their interactions, including animals, their 
movements and their access to water, plants and soils. A recent 
study in Senegal has helped to address this issue, with implications 
for public policies in these regions.

Key �ndings in the Sahel: 
methane emissions from ruminants 
and variations in the carbon balance
The study, conducted in northern Senegal (see box p. 2), produced 
new knowledge on these ecosystems. It used an original method 
to estimate feeding behaviour in ruminants and the methane 
emissions from their digestion, known as �enteric methane�.
Over the one-year cycle, herds (cattle, sheep, goats) eat less 
than a third of the available herbaceous biomass and less than 
5% of the leaves from trees and shrubs in the pastoral landscape. 
Measurements of daily intake show that the standard reference 
used in Africa needs be revised: at 25�g/kg (grams of dry matter per 
kilogram of live weight), this standard is too high for cattle and too 
low for small ruminants. The study proposes new standards based 
on the daily measurements taken:
>  an intake of 18�g/kg for cattle and 34�g/kg for small ruminants;
> or a single standard applicable to all ruminant species, of 
73�grams per kilogram of metabolic weight � in nutrition, metabolic 
weight corresponds to live weight to the power of 0.75 and the 
maintenance requirements of an animal are always proportional 
to the metabolic weight.
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Pastoralism is present in all parts of the world and provides 
a livelihood for more than 100 million people. It primarily 
concerns ruminants � cattle, sheep, goats, camels, deer, 

etc. In this type of extensive livestock system, the herds roam 
landscapes in search of forage and water. In Africa, pastoralism 
represents 10 to 44% of gross domestic product depending on the 
country and occupies more than a quarter of the population. In the 
countries of the Sahel, it provides 70% of milk and more than half 
of beef and small ruminant meat.

However, at the global level, the livestock sector is responsible 
for 14.5% of greenhouse gas emissions linked to human activities, 
according to FAO � these emissions from livestock are composed 
of 44% methane (CH4), 29% nitrous oxide (N2O) and 27% carbon 
dioxide (CO2). However, these global �gures cover very di�erent 
realities in terms of productivity and emissions depending on the 
regions and livestock systems in question. The current debate 
on agriculture and climate points the �nger at pastoralism in the 
Sahel: the low productivity of herds and the ingestion of roughage, 
which makes up most of their diet, produce high levels of methane 
emissions per unit of animal product (milk or meat). But the 
impact of this livestock system on climate change has never been 
accurately determined because pastoral ecosystems in dry regions 
are complex and are studied very little from this perspective.

Pastoralism in the Sahel plays a crucial role in the exploitation 
of this very harsh environment (see box p. 3). What is its real 
contribution to the carbon balance of the landscapes? Estimating 
this balance is complex: it requires attention to all the elements 
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In the Sahel, pastoralism capitalises on an extreme 
environment. Although it is accused of emitting 
excessive amounts of greenhouse gases per kilogram 
of milk or meat produced, a research study conducted 
in Senegal shows that pastoral landscapes can 
actually have a neutral carbon balance: emissions 
from animals are o�set by carbon sequestration in 
soils and plants. These �ndings were obtained using 
an original evaluation method, known as ecosystem 
assessment, which integrates the use of the pastoral 

landscape as a whole, according to the seasons and 
the areas grazed by herds. These �ndings indicate that 
current standards for calculating feeding behaviour 
and methane emissions from ruminant digestion 
need to be revised downwards. Other implications 
are possible, such as improving the carbon balance 
through speci�c local practices and promoting these 
areas on the carbon market. Preserving this livestock 
system is also one way of fostering development and 
ensuring greater security in these regions.

Pastoral landscapes in the Sahel: 
a carbon balance with unexpected potential 
for climate change mitigation
Mohamed Habibou Assouma - Philippe Lecomte - Christian Corniaux - 
Pierre Hiernaux - Alexandre Ickowicz - Jonathan VayssiŁres
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A carbon balance including 
all ecosystem elements: application to the Sahel

The carbon balance of a system is calculated by evaluating all 
greenhouse gases emitted (CH4, CO2, N2O) as well as carbon 
sequestered. The balance expresses all of these �ows in carbon 
equivalent.

The study was conducted in the sylvo-pastoral region of Ferlo in 
northern Senegal, more speci�cally in the Widou borehole service 
area (706�km2). This semi-arid region is representative of Sahelian 
pastoral ecosystems, where pastoralism is the main activity. Over 
a full year, the monthly monitoring of this landscape produced a 
large-scale carbon balance (see �gures).

The ecosystem method used here, also known as �landscape 
level�, takes account of all ecological functions in a landscape 
to calculate its carbon balance. All �ows are counted, in other 
words greenhouse gas emissions in the atmosphere and carbon 
sequestration in the ecosystem. The boundaries of the landscape 
are de�ned, then its main elements (animals, soils, plants) and the 
interactions between them and with the atmosphere are described. 
This method produces a spatial and dynamic representation of 
emissions and variations in stocks, according to the seasons and 
areas.

This method is well suited to the Sahel because there are almost no 
external inputs. Traditionally, balances are calculated at the scale 
of a farm by focusing on inputs without taking account of variability 
over the year or of the spatial heterogeneity of the ecological 
processes behind emissions and sequestration. On the contrary, 
the ecosystem approach takes account of speci�c processes: for 
example, the presence of animals consuming standing fodder 
reduces the risk of �res and termites.
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Simpli�ed model of greenhouse gas emissions and carbon storage 
in a Sahelian pastoral landscape: the carbon balance ecosystem approach 
is based on this model. 

The Sahelian pastoral system is balanced: 
what emits greenhouse gases and what stores carbon?

Herbaceous plants, as annual 
plants, are not considered 
as a carbon sink. Wild�res, 
characteristic of grazed 
ecosystems in the Sahel, 
are a source of greenhouse 
gases. Termites, like 
ruminants, emit methane 
through their digestion 
(�enteric methane�).

For the year in question, 
there were no bush �res.

Soils emit the most  
(as a percentage of total annual emissions).

Trees and shrubs store the most 
(as a percentage of total annual storage).
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