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Climate change and animal
husbandry in Africa’

This study uses a cross-sectiona
approach to measure the relationship
between net revenue from anima
husbandry and climate in Africa by
correlating variations in key climate
attributes and corresponding variations
in net revenue observed across wide
spatia spread. Besides climate attributes,
this method aso controls for the effects
of variations in other determinants of
crop productivity, such as available
water, soils and socio-economic factors,
on net revenue.

Cross-sectional  observations  across
different climates can revea the climate
sensitivity of anima husbandry. The
advantage of this empirical approach is
that it does not only capture the direct
effect of climate on productivity but also
reflects farmers'  adaptation to local
climate. This farmer behavior is
important as it mitigates problems
associated with deviations from optimal
environmental conditions. Analyses that
do not include adaptation (such as the
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early agronomic studies) overestimate
the damages associated with any
deviation from the optimum. However,
while the Ricardian model takes into
account the costs associated with
different adaptation alternatives, it
suffers some limitations.

Determinants of net revenue from
livestock

The definition of net revenue includes
the cost of feed, hired labor,
transportation,  packaging,  storage,
veterinay care  and  extension.
Household labor costs are not included,
and it is assumed that own consumption
is valued at market prices. On small
farms in Africa the livestock is worth
US$230 on average and on large farms it
is worth US$7800 on average. Gross
revenue from livestock and livestock
product sales on small and large farms
differ substantially throughout Africa
(Tables1 and 2).

The eight mgjor livestock sold are cattle
for meat, cattle for milk, breeding bulls,
goats, sheep, pigs, oxen and chickens.
The major livestock products sold are
milk, beef, goat products, sheep
products, eggs, wool and leather.

The net revenue is sensitive to whether a
farm is a dairy farm. It is possible that
low-income households use the milk
from dairy farming for own consumption
and that this output was underreported in
the survey.



Table 1. Grossrevenue from livestock trandate into higher net revenue because

and livestock product saleson small of higher net prices for output and lower
farms (US$/farm) transportation costs to market. Large
households tend to have lower livestock

Small farms net revenues per farm, while households

Livestock  Livestock products with electricity have higher net revenues.

Burkina Faso 28 11 Soil Variables, water ﬂOW, ele\/ation,
Eqypt 143 o7 regional dummy variables and household
characteristics such as the age, gender

Fihlopia . > and education of the head of the farm,
Ghana %0 ! whether the respondent was the head of
Niger 27 12 the farm, and whether the head of the
Senegal 31 36 farm works off the farm, were also tested
SAfrica 95 40 for their impacts on net revenue per
Zambia 10 3 farm, but were found to be insignificant.

Cemeroon 1 % Sensitivity to warming and
Kenya 32 179

precipitation

For small farms, a marginal increase in
temperature increases income by $100
per degree, although this effect is not
significant. For large farms, warmer
temperatures reduce income by $400 per
degree and this effect is significant
Livestock ~ Livestock products (Figure 1). Because large farms have
access to more capital and technology,

Table2: Grossrevenue from livestock
and livestock product saleson large
farms (US$/farm)

Largefarms

Burkina Faso 183 68 one might expect that they would be less
Egypt 5340 1001 vulnerable to warming.
Ethiopia 49 263 Figure 1. Net revenue per farm temperature
Ghana 347 34 response functions
Niger 142 127 "
Senega 238 83 -
SAfrica 14,258 4200 o
Zambia 1086 1951 :::
Cameroon 1786 855 5o
Kenya 2280 3664 ::: \,
The more pastureland a country has, the .
higher the livestock net revenue per o

farm. Countries with higher percentages Bttt et et st A A A A e
of Muslim populations have lower

livestock net revenue per farm. It is not o

clear why this dsatistical result is

occurring. Higher population densities
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However, the most profitable species for
large farms is cattle, which do not do
well in high temperatures. By contrast,
small farmers find it relatively easy to
shift to goats and sheep, which appear to
tolerate high temperatures reasonably
well.

A margina increase in precipitation
reduces net revenue per farm for both
small and large farms. Small farms
decline by about US$26 per mm of
monthly precipitation and large farms by
about US$59 per mm and both effects
are significant (Figure 2). Increased
precipitation is associated with lower net
revenue because farmers shift from
livestock to crops, natural ecosystems
shift from grasslands to forests, and the
prevalence of animal diseases such as
trypanosomiasis increases. As long as
there is enough precipitation to support
grassland, livestock incomes rise with
lessrainfall.

Figure 2: Net revenue per farm precipitation
response functions

increase in precipitation is expected to
reduce livestock net revenues by 5% for
both small and large farms (Table 3).

The study also examined three climate
change  scenarios  predicted by
Atmospheric-Oceanic Global Circulation
Models (AOGCMs) that are consistent
with the range of outcomes in the most
recent IPCC report. Specificaly, the
study used the A1l scenarios from the
following modelss CCC (Canadian
Climate Center), CCSR (Center for
Climate System Research), and PCM
(Parallel Climate Model) to examine the
consequences of country level climate
change scenarios for 2020, 2060 and
2100.

Table 3: Climate change impacts from
uniform climate scenarios

oooooo

a) Small farm
% impact on net revenue per
Variable farm
Basdine 623
Increase temperature 2.5°C +25%
Increase precipitation 7% -5%
b) Largefarm
% impact on net revenue per
Variable farm
Baseline 3142
Increase temperature 2.5°C -22%
Increase precipitation 7% -5%

Animal
change

husbandry and climate

An increase of 2.5°C increases livestock
net revenues by 25% (+$1.4 billion) for
small farms and decreases them by 22%
(-$13 hillion) for large farms. A 7%

With the relatively hot scenario
predicted by the CCC model in 2100,
small farms would increase net revenues
by 116% (+$6 billion). For the large
farms, CCC leads to a 23% loss (-$14
billion) by 2100. The 2100 result for
small farms under the CCSR climate
scenario is an increase in net income by
152% (+$8 hillion). For large farms,
CCSR leads to losses of a negligible



amount. The PCM climate scenario for
2100 leads to an increase of net income
by 31% (+ $2 billion) for small farms
and a decrease by 27% (-$16 billion) for
large ones. In general, scenarios with
low rainfall predict higher net revenues.

Using rura population estimates, the
results from the sample of small and
large farms are extrapolated to al of
Africa. Theresults for 2100 range from a
gain of $8 hillion to a loss of $8 to $15
billion per year. The unusualy dry
CCSR scenario in 2100 leads to the only
case of gains. For the small farms, CCC
and CCSR predict an increase in
livestock net revenue across Africa in
2100. CCC predicts especialy large
benefits in the Sahel, Central Africa and
East Africa CCSR predicts similar
increases in the Sahel, Central Africa
and East Africa, but also in West Africa
(Figure 3). PCM predicts amost no
change in livestock net revenue across
Africain 2100.

Figure 4 demonstrates that the CCC
climate scenario leads to reductions in
livestock net revenue across Africa in
2100 for large farms. The reductions are
especidly large in the Sahel, Central
Africa and East Africaa. The PCM
climate scenario leads to very similar
results to those of the CCC, with dlightly
more severe damages in West Africa.

Figure 3: Impacts in 2100 for small farms
based on CCC scenario
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In the CCSR scenario (Figure 5), thereis
an overdl increase in livestock net
revenue for large farms in West, Central
and East Africa but a decrease in South
Africaand North Africa.

Figure 4: Impacts in 2001 for large farms
based on CCC scenario
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Figure 5: Impacts in 2001 for large farms
based on CCSR scenario

Conclusions and policy implications

The study found that livestock net
revenues in Africaare highly sensitive to
climate. The climate sengtivity,
however, varies according to farm size.

Large farms are hurt by higher
temperature but small farms are not.
Small farms can apparently switch from
animals that need a temperate climate to
heat tolerant animals and will switch
from crops to livestock. Large farms are
more dependent on beef cattle, which are
intolerant of high temperatures. For
adaptation, livestock becomes a good
dternative to crops if precipitation

decreases. Although rainfall generaly
increases crop and pasture productivity,
this study shows that rainfal reduces
livestock net revenue. There are three
plausible explanations. First, farmers
shift to crops as rainfal increases.
Second, grassland shiftsto forestsasrain
increases, reducing the quality of natural
grazing for most animals. Third,
increases in precipitation increase the
incidence of certain animal diseases.

For small farmers, livestock will provide
some protection from the effects of
warming as cultivating crops become
less desirable. Livestock will also do
well if rainfall decreases. This is
excelent news for smal African
farmers, as it means that over the next
century they will still have options to
farm. Large livestock farms will have
more trouble as temperatures rise.

It was, however, assumed that the only
thing that changes over time is climate.
In practice, many things will change
over the next century, including
population, prices, technology and
institutional conditions. Future livestock
owners may take advantage of new
technologies that are not commonly used
today in most of Africa, such as shades
and sprinklers. Genetics and breeding
may also offer some new potentia
adaptations.



The agricultural sector in sub-Saharan Africa is predicted to be especially vulnerable to climate
change because this region already endures high heat and low precipitation, provides the livelihoods
of large segments of the population, and relies on relatively basic technologies, which limit its
capacity to adapt. This series of Policy Notes reports on the methods and results of the first
continent-wide study of this kind assessing how the economic well-being of African farming
communities is currently affected by climate, predicts how future climate change effects may unfold
under various possible global warming scenarios, and evaluates the roles adaptation to climate
change could play. The study is based on collaborative research efforts conducted in 11 countries:
Burkina Faso, Cameroon, Egypt, Ethiopia, Ghana, Kenya, Niger, Senegal, South Africa, Zambia and
Zimbabwe. The sampled districts used as the unit of analysis cover all key agro-climatic zones and
farming systems in Africa. This is the first analysis of climate impacts and adaptation in Africa on
such a scale and the first in the world to combine cross-country, spatially referenced survey and
climatic data for conducting an analysis that uses economic impact assessment methods, river-basin
hydrological modeling and crop growth simulation techniques.

All the reports produced under this GEF/WB/CEEPA funded project, Regional Climate, Water and
Agriculture: Impacts on and Adaptation of Agro-ecological Systems in Africa, are found on CEEPA
e-Library at its website link (www.ceepa.co.za/discussionp2006.html) and can also be accessed directly
through the project link (www.ceepa.co.za/Climange Change/project.html)
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