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Abstract
Rural development in the Sudano-Sahelian region during the past 20 years and future
scenarios of change were studied using meta-analysis of case studies, household interviews
and scenario assessment. Households have generally increased their wealth, especially when
they diversify out of agriculture. Rain-fed crop cultivation is more sensitive to climate factors
than livestock, but generally climate factors play a limited direct role for local land use and
livelihood strategies. The agricultural sector needs strong support to remain important in
the region and off-farm work and migration are likely to continue to increase, which may
decrease vulnerability. Copyright  2011 Royal Meteorological Society
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1. Introduction

The Sudano-Sahelian region of West Africa, one of
the poorest regions in the world, is characterized by
high rainfall variability and rapid population growth.
Despite centuries of experience adapting to harsh nat-
ural conditions (Mortimore and Adams, 2001; Tschak-
ert, 2007; Mertz et al., 2009), the vulnerability of these
countries and their populations to increased climate
variability and change is of great concern and has
attracted considerable research interest over the past
decades with calls for increased funding for adaptation
(Patt et al., 2010).

The aim of this paper is to provide an overview of
the most recent advances within the project African
Monsoon Multidisciplinary Analysis (AMMA) on
agricultural and climate vulnerability in the Sudano-
Sahelian region of West Africa with a particular
emphasis on local rural adaptation and coping strate-
gies during the past 20 years. It is based on the latest
AMMA research on the West African monsoon sys-
tems (Polcher et al., 2011), which is essential for pre-
dicting future vulnerability and adaptation, and will
be discussed in the context of contemporary research
in the region. Section 2 sets the stage of national
and regional developments, Section 3 outlines the
local perceptions of change and Section 4 summarizes

possible future scenarios for development in the Sahel.
We use the terms vulnerability, adaptation and others
as they are defined by the IPCC (Adger et al., 2007).

2. Regional and national change – drivers
and trends

The Sudano-Sahelian region is very diverse and while
agriculture remains the mainstay of the economy, other
economic activities are rapidly gaining importance.
This was highlighted in a meta-study (Raquez and
Lambin, 2006) of more than 80 case studies, which
recommended that the traditional focus on land use
as determined by subsistence agriculture should be
expanded to include the processes of migration, trade
and institutional changes that are occurring rapidly.
These trends have also been observed in other studies
and have guided the empirical research described in
Section 3.

The above-mentioned livelihood diversification is
part of the risk reduction strategies that local people
adopt to reduce their vulnerability (Tarchiani et al.,
2006). It is also an underlying socio-economic trend
that has been observed in many developing countries,
where supplementing agriculture with other activities
increases wealth while decreasing vulnerability to
climate factors.
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The diversification trends are partly in contradiction
with analyses of food security in the Sahelian West
Africa that are based on assumptions of agricultural
production being primarily for self consumption (Egg
and Gabas, 1997). This model has been shown not
to represent correctly the complexity of the Sahelian
system and therefore has limited capability to prevent
food crises, as highlighted by the food crises in
Burkina Faso in 2000 and Niger in 2005, where the
interaction of climatic hazards and other driving forces
(political instability, desert locust invasions, market
shocks, response failures) were identified as the main
causes (Vignaroli et al., 2006; Devereux, 2009). To
provide improved instruments to assess and monitor
vulnerability, we developed a revised methodology for
vulnerability assessment framework based on a holistic
approach and taking into account the importance of
emerging dynamics in the region (Di Vecchia et al.,
2009). This framework will be tested in the near future.

3. Local perceptions of adaptation
to climate variability and change

There is a rapidly increasing attention in the liter-
ature to how rural people cope with and adapt to
climate variability and change, and many studies strug-
gle with determining the importance of climate as a
driver of change (Tschakert, 2007; Mertz et al., 2009;
Nielsen, 2009; Nielsen and Reenberg, 2010a). Histori-
cal overviews indicate the importance of political and
economic development for land use change and envi-
ronmental management (Mbow et al., 2008). Local
level studies in Senegal and Burkina Faso on the
drivers of adaptation strategies were unable to iden-
tify climate as a main driver of change (Barbier et al.,
2009; Mertz et al., 2009; Reenberg, 2009).

Identifying the relative weight of climate factors for
local change is an important step towards appropri-
ately targeted adaptation actions as limited focus on
climate adaptation could be ineffective if other fac-
tors are more important (Thomas and Twyman, 2005;
Reid and Vogel, 2006; Mertz et al., 2010). Therefore,
locally perceived adaptation and coping strategies in
rural areas during the past 20 years were identified
in an AMMA survey of 1249 households in 15 sites
in Senegal, Mali, Burkina Faso, Niger and Nigeria,
stratified along both east–west and north–south gra-
dients (Mertz et al., 2010; Mertz et al., 2011). Gen-
erally, farmers have a pessimistic view of changes
in climate factors, as rainfall is generally viewed as
having decreased whereas wind speeds and duration
of strong winds as well as temperatures are seen to
have increased (Mertz et al., 2011). There is a marked
east–west gradient, with farmers in Senegal being
most negative about rainfall change, whereas this is
less pronounced in Nigeria (Mertz et al., 2011) and
this is corroborated by other AMMA work observing
differences between eastern and western Sahel (Lebel
and Ali, 2009).

On the other hand, climate factors appear only to
a limited degree to be perceived as direct drivers
of change (Mertz et al., 2010; Zorom et al., 2011).
Households mentioning decreases in production and
income from rain-fed agriculture largely attribute
this to insufficient rainfall (quantity and distribution),
whereas decreases in livestock production are per-
ceived to occur for other reasons, e.g. livestock dis-
eases, theft and competition from crop production
(Mertz et al., 2010). Another example is change in
the quality of areas for pasture and livestock corri-
dors, which in the Sahelian study sites were perceived
by the majority of respondents to be stable or increase
whereas they were perceived as strongly decreasing in
the more humid sites – the latter almost exclusively
caused by agricultural expansion (Mertz et al., 2010).

The surveys also indicates a shift towards dry sea-
son market gardening and non-farm income sources
(Mertz et al., 2010). This is corroborated by addi-
tional in-depth studies at local level in northern Burk-
ina Faso, where local people focus on activities that
are less dependent on climate (Nielsen and Reenberg,
2010a, 2010b). An analysis of national household sur-
vey data in Burkina Faso between 1998 and 2007
showed that the average wealth increased for almost
all major livelihood groups and the number of wealthy
people steadily increased (D’haen, 2011). Correlation
between mean household wealth levels and the average
annual coefficient of variation in rainfall was very low
for all provinces of Burkina Faso, as was the correla-
tion between average household wealth increase and
interannual rainfall variation. These results highlight
the importance of off-farm income which generates
opportunities, especially in marginal rural areas, for
long-term adaptation strategies to climate variability
and change (D’haen, 2011).

A wide range of other aspects of rural life can
potentially be affected by climate factors. A widely
held view is that climate change will create ‘cli-
mate refugees’ (Christian Aid, 2007), but much of
the scientific literature indicates that migration from
the Sahel and elsewhere is mainly caused by poor
prospects for welfare improvements as well as being
part of a century-old system of migration to the coastal
countries (Henry et al., 2004; Tacoli, 2009). Migrants
leaving for Europe also rarely belong to the poorest
segment of the population as such departures are very
costly. In the AMMA it was not possible to establish
direct links between migration and climate variabil-
ity and change, but the continued low level of rainfall
in Senegal and other parts of the western Sahel could
become a more important driver of rural–urban migra-
tion flows (Mbow et al., 2008).

Perceptions of current adaptation strategies in
response to external drivers of change – including cli-
mate variability and change – were also identified for
the households (Mertz et al., 2010). Within agricul-
ture, there is a large difference in strategies between
ecological zones. In the driest zone, people resort to

Copyright  2011 Royal Meteorological Society Atmos. Sci. Let. 12: 104–108 (2011)



106 O. Mertz et al.

prayer as well as increased food purchase and migra-
tion, both of which corroborate the trend away from
agriculture (Nielsen and Reenberg, 2010a, 2010b).
People in the intermediate zone have an even stronger
focus on migration, but are also engaged in livelihood
diversification and reforestation. The latter probably
reflects the intensity of agriculture in this zone and the
perceived need for more trees in the landscape to assist
with the restoration of land productivity. In the wettest
of the three areas there is a strong perceived need
to improve agriculture by fertilization and soil and
water conservation. Only in this zone did household
responses indicate a continued potential for profitable
agriculture (Mertz et al., 2010).

4. Futures of the Sudano-Sahelian region
of West Africa

Based on inputs from the studies mentioned above
and a range of other data sources, scenarios for
future development in the Sudano-Sahelian region
were developed (Lambin et al., 2009). The other data
sources included (1) ‘what-if’ questions posed to farm-
ers showing that households prioritize improvements
and adaptation in agriculture both in case of a more
humid and more dry future climate, but in case more
frequent droughts, migration is the top priority, (2) the
long-term regional projections by the IPCC showing
that for 2090–2099 there will be an increased tem-
perature of 3–4 K and that annual rainfall, as well
as rainfall in the rainy season, will decrease in west-
ern Sahel according to the majority of the models,
while there is little agreement between models con-
cerning future annual rainfall in the central and east-
ern West African Sahel (Christensen et al., 2007) and
(3) ENSEMBLES data where combinations of four
regional circulation models nested in four global circu-
lation models for making projections until 2050 were
used (Lambin et al., 2009). They corroborate the IPCC
projections and project an increase in the frequency of
dry spells and intensive rainfall events.

By combining the socio-economic data in the house-
hold studies and the three additional data sources
mentioned above, different scenarios for future devel-
opment in the region emerge: from a national economy
closed to outside influences and centred on agricul-
ture, with diverse degrees of rural-urban integration,
to a region increasingly open to external forces. The
latter case could involve foreign land acquisition and
out-migration, or land managed as a carbon sink
and converted to bio-energy crops, with the paral-
lel rise in the non-farm rural sector. The studies of
past household behaviour suggest that many rural and
urban people in the Sahel are increasingly moving
towards less climate-dependent livelihood portfolios,
with an increasing share of household income com-
ing from non-agricultural sources. However, when
requested to assess future activities under different
climate scenarios, a strong emphasis on continuation

of agriculture is found, especially in the Sudan zone.
The reason for this contradiction may be that rural
people still identify themselves primarily as farmers,
but are in fact in a process of diversification away
from agriculture. Diversification may be a particularly
sensible strategy in the western Sahel, where rainfall
is most likely to decrease, but with more frequent dry
spells and intensive rainfall in the whole region, agri-
culture may face difficulties everywhere. Economic
and political factors are more likely to influence the
future of agriculture in the region, however (Lambin
et al., 2009).

5. Conclusion and future research needs

The perceived decline in agricultural production
expressed in household surveys is corroborated by
national statistics in several countries where the total
grain production has not increased despite rapid pop-
ulation growth. It is not likely that climate variability
and change has been a major driver of these events
as none of the multiple approaches employed in this
project were able to identify climate factors as hav-
ing a strong weight in driving change. However, the
highly variable climate of the region constitutes an
important constraint for agricultural strategies, which
have remained unchanged. This apparent resilience of
the land use system, however, might hamper transfor-
mation into alternative modes of production that are
able to meet the growing food demands for a rapidly
increasing local population, complicating development
efforts.

Hence, we conclude that other political, economic
and demographic factors are more important for devel-
opment pathways in the Sudano-Sahelian region. For
the future, climate also may not be the most signifi-
cant driver of change, perhaps with the exception of
the western Sudano-Sahelian region, where a decrease
in rainfall is very likely. Moreover, it should be noted
that evidence from other regions suggest that even
small changes in climate may put further pressure on
fragile socio-economic systems in rural areas (Fraser,
2007). If the agricultural sector is to play a role in
the future of Sudano-Sahelian zone, strong support to
agricultural development and rural adaptive capacity
will be needed. This includes better skills and dis-
semination of seasonal forecasts that can aid farmers
with decision-making and a much better infrastructure
in terms of seed, fertilizer and pesticide distribution,
irrigation, functional credit and insurance institutions
and market access. All of these aspects are not new
and can be considered ‘no-regret’ development options
that could be beneficial for a reform of the agricultural
sector with or without climate change. Otherwise, off-
farm work and migration will continue to increase and
dominate Sahelian livelihoods in the future and with-
out significant improvements in the agricultural sector,
these socio-economic trends may in the end be the
most beneficial as they increase wealth and decrease
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the vulnerability of Sudano-Sahelian societies to cli-
mate change.

As there is still considerable uncertainty about the
future climate in the central and eastern part of the
West African Sahel, future research needs on impacts
of and adaptation to climate variability and change
will rely on better skill in climate models for project-
ing the Sudano-Sahelian climate. In the AMMA, we
have uncovered the relative importance of climate fac-
tors for past adaptation actions, but more focus should
be on the future adaptation needs, e.g. to what extent
general development efforts will be sufficient to reduce
the vulnerability of rural people to climate change.
Better seasonal forecast skills will also be important
to accompany research on local decision-making that
may improve the already promising potential for farm-
ers’ and pastoralists’ use of climate information (Ron-
coli et al., 2009). The environmental consequences of
transformation from agriculture to a migration and off-
farm-based economy also need to be assessed. Finally,
assessing the impacts on livelihoods and environment
of the rapid development in certain countries, where
land is being bought by or leased to external investors
and large areas converted to bio-fuel and other com-
mercial production, should become a major research
area.
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