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1.

Background and context

Climate change poses a major threat to West Africa in general and to the countries of
the Community of West African States (ECOWAS) countries in particular. Agriculture, a key
economic sector that supports nearly 60 per cent of those countries’ populations, is especially
vulnerable to such change. A major challenge lies ahead: the region must find ways to address
and mitigate the negative effects of climate change, while also finding ways to feed its growing
population, which is predicted to reach approximately 600 million by 2050. Numerous studies
have concluded that agricultural production and commodity markets must adapt to ensure that
climate change does not threaten agricultural production or undermine food security (Ludi and
others, 2007; Nelson and others, 2009; Huang and others, 2011; Ahmed and others, 2012).
Nevertheless, there is considerable uncertainty as to how climate change will affect agricultural
production throughout the region, and there is even greater uncertainty as to how climate change
will affect international trade. It is highly likely, however, that climate change will affect the
prices and volumes of goods traded, in particular agricultural raw materials and foodstuffs, with
far-reaching macroeconomic consequences (Ludi and others, 2007). To date, very few studies
have critically examined how agricultural trade throughout West Africa is likely to evolve as a
result of climate change, and little information is available on the ways in which national
climate adaptation strategies may affect agricultural trade regimes in the ECOWAS region and
vice versa. It is critically important that research on climate change and agriculture give due
attention to agricultural trade. Such research could help to strengthen the adaptive capacity of
the region, promote food security and facilitate regional integration. In particular, a deeper
understanding of the relationship between agricultural trade and ECOWAS climate change
policies is sorely needed.
In the light of these considerations, the United Nations University for Natural Resources
in Africa, in collaboration with the African Climate Policy Centre at the Economic Commission
for Africa (ECA), is implementing a two-year research project entitled “Climate change,
agricultural trade and food security in ECOWAS”. The project is aimed at assessing whether
agricultural production systems and trade policies in ECOWAS can be adjusted in order to
alleviate the impact of climate change on food security and identifying ways to promote
sustainable development in the region. To implement the project, the United Nations University
is collaborating with various institutions to develop a set of empirical models and collect
appropriate data. The West African Science Service Center on Climate Change and Adapted
Land Use is providing input, with a view to developing a climate change baseline and
elaborating climate change scenarios for the ECOWAS region. This report provides an
overview of the methodology, tools and data generated in that regard. For illustrative purposes,
it also provides a consideration of historical simulations, an assessment of the projected climate
change scenarios for the late twenty-first century and a discussion of potential challenges that
could impede agricultural development and undermine food security in ECOWAS countries.

2.

Model description, methodology and data generated

The main tool used to generate baseline and climate change data for ECOWAS is a
regional climate model (RCM). This regional climate modelling technique analyses initial
conditions, time-dependent lateral meteorological conditions and surface boundary conditions
and can generate high-resolution models for limited areas. The feed data is derived from
Coupled Model Intercomparison Project Phase 5 global climate models or Earth system models
(CMIP5 GCMs or ESMs) and can include greenhouse gas and aerosols forcings. GCMs are
used to simulate the response of global circulation patterns to large-scale forcings and RCMs
are used to assess sub-GCM grid scale forcings and enhance the simulation of atmospheric

circulations and climatic variables at fine spatial scales. Forcings could include complex
topographical features and land cover heterogeneities. This is the most effective technique by
which regional climate change data for West Africa can be generated, and it has been used
extensively throughout the region (Sylla and others, 2010; Paeth and others, 2011; Vizy and
Cook, 2012; Sylla and others, 2012; Abiodun and others, 2013; Zaroug and others, 2013;
Ibrahim and others, 2014).
Figure I
Simulation domain and topography, including the Sahel and Gulf of Guinea subregions
topography

metre

Ideally, all CMIP5 GCMs and ESMs should be downscaled by using individual RCMs
and Intergovernmental Panel on Climate Change representative concentration pathways (RCP)
(Moss and others, 2010), with a view to compiling a comprehensive data set that provides an
in-depth analysis of climate change in West Africa. This is, unfortunately, not possible because
of prohibitively high computational costs. An alternative methodology is to select good CMIP5
models and dynamically downscale them using a high resolution RCM for the region of interest
for two core Intergovernmental Panel RCPs. For example, a forcing of RCP4.5 (a mid-level
future greenhouse gas forcing), and RCP8.5 (a higher-level greenhouse gas forcing) can be used.
This alternative methodology is used worldwide.
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Figure II
Intergovernmental Panel on Climate Change representative concentration pathways with
concentrations of key greenhouse gases to the year 2100

The Abdus Salam International Centre for Theoretical Physics Regional Climate Model
system Version 4 (RegCM4) (Giorgi and others, 2012) is thus used at a resolution of 25 km to
downscale a set of CMIP5 ESMs over West Africa for the two Intergovernmental Panel on
Climate Change core RCPs: RCP4.5 and RCP8.5 (see figure II), over the domain selected by
Browne and Sylla in 2012 as the optimal domain for regional climate modelling in West Africa
(see figure I). The selected ESMs are the Max-Planck Institute Earth System Model running on
medium resolution grid, the Hadley Centre Global Environment Model 2 – Earth System and
the National Oceanic and Atmospheric Administration Geophysical Fluid Dynamics
Laboratory Earth System Model Version 2M. These ESMs were selected because they provide
a relatively good representation of the monsoon climate of West Africa (Sylla and others,
2015a). Taylor and others (2012) provides more details about the CMIP5 models.
A total of 130 years of simulations were performed for each set of RCP and ESM
forcings. Data concerning precipitation, mean, maximum and minimum near-surface
temperatures and evapo-transpiration were compiled. For illustrative purposes, analysis of a
multi-model ensemble mean is also presented in this study. The climate change signal was
computed by differentiating between future RCP projections (2070−2099) and recent historical
data (1976−2005). On the basis of precipitation and temperature readings, the authors of the
study analysed mean changes, shifts in arid zones and projected extreme indices. Sylla and
others (2015a) provides details on the derivation of the aridity index. For the extreme scenarios,
six recommended indices of the Expert Team on Climate Change Detection and Indices were
selected (Zhang, and others, 2011). Those indices were the following:
(a) Maximum dry spell: Maximum number of consecutive dry days (days with less
than 1 mm of precipitation). This is an indication of drought conditions and a high risk of crop
failure;
(b) Maximum wet spell: Maximum number of consecutive wet days (days with more
than 1 mm of precipitation). This is an indication of long-lasting precipitation events that can
cause flooding, leading to loss of top soil and crop damage
(c) Very heavy precipitation: Number of precipitation events with precipitation
exceeding 20 mm. This indicates very intense precipitation events that can cause flash flooding,
soil saturation and waterlogged crops, resulting in crop damage;(d) Diurnal temperature range:
Difference between the daily maximum temperature and the daily minimum temperature. This
provides an indication of the warming gap between night and day. A large warming gap can
lead to critical heat stress, damaging crops and taking a toll on the yield and quality of those
crops;
3

(e)

Summer days: Number of days on which maximum temperatures exceeded 35oC;

(f) Maximum consecutive summer days: Number of consecutive days on which
maximum temperatures exceeded 35oC.
The threshold of 35oC is very close to the maximum optimal temperature for many
cereal crops. In other words, crops perform optimally at temperatures below that temperature.
Therefore, these last two indices are a good indication of crop vulnerability to higher
temperatures.

3.

Evaluation of historical model simulations

In this section, the annual cycle of precipitation in the ECOWAS region, and in
particular, in two homogeneous subregions (see figure I) were first analysed using different
observations and multi-model combinations of ESMs and RCMs. The spatial patterns of
seasonal mean precipitation and temperature, as well as the aridity index, were subsequently
assessed, and, from that data, identifying the value added through the use of the higherresolution RCMs over West Africa as a whole was sought. To validate the historical simulations,
a different set of observation data was used to account for uncertainties in the observed
precipitation (Nikulin and others, 2012; Sylla and others, 2013a; Klutse and others, 2015).
The data thus obtained on the annual cycle of precipitation in the Gulf of Guinea show
a double-peaked rainy season that was associated with the latitudinal migration of the
intertropical convergence zone (ITCZ) (see figure III (a)). The first maximum occurs in June
as the ITCZ moves northward, while the second occurs in September as the ITCZ retreats
southward. A relative minimum takes place in August when the ITCZ moves across the two
regions. Conversely, monsoon precipitation over the Sahel begins sometime between April and
June, peaks in August at the northernmost extent of the ITCZ and decreases in September (see
figure III (b)). While the RCM multi-model ensemble mean captures the seasonal timing of the
monthly precipitation over the Gulf of Guinea, in particular the occurrence of the two
maximums in June and September with minimal bias, the ESM ensemble mean shows a single
rainy season with an overestimated maximum occurring in July. This result clearly illustrates
the value added by running the higher-resolution regional climate model over the region, In the
Sahel subregion, both combinations captured the annual cycle. (see figure III (b)). The ESMs,
however, overestimate precipitation during the onset and retreat phases, whereas the RCM
experiments show a remarkable agreement with observations throughout the entire monsoon
cycle. This analysis shows that most of the precipitation over West Africa is received between
June and September and that the RCMs multi-model ensemble captures the observed annual
cycle of monsoon precipitation with a high degree of accuracy and is an improvement on
simulations based on driving ESMs.
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Figure III
Annual cycle of precipitation (mm/day) in (a) the Gulf of Guinea and (b) the Sahel
according to three sets of observations, namely, the Global Precipitation Climatology
Project, the Climate Research Unit and the University of Delaware, as well as ensembles
of driving Earth system models and regional climate models

Abbreviations: CRU, Climate Research Unit; ESM, Earth system model; GPCP, Global Precipitation Climatology
Project; RCM, regional climate model; UDEL, University of Delaware.

As for the spatial patterns of seasonal mean precipitation (see figure IV), the multimodel ensembles provide better data on large-scale seasonal patterns, compared with the
Climate Research Unit or the University of Delaware. In the June-July-August-September
period, the rainband migrates to the Sahel, where the ITCZ is at its northernmost location.
Maximum precipitation occurs along the monsoon belt, with intensity decreasing to the south
and north. In addition, precipitation maximums are located in topographically complex regions
of the Guinea Highlands, Jos Plateau and Cameroon Mountains, while dry conditions are
experienced in regions north of 20oN. More intense precipitation (wet bias), however, is
simulated at the core of the ITCZ by the ESM ensemble, while the RCM ensemble provides
greater detail in areas with complex topography.
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Figure IV
June-July-August-September mean precipitation (mm/day) according to Climate
Research Unit and University of Delaware observations and Earth system model and
regional climate model ensembles during the recent historical period

Abbreviations: CRU, Climate Research Unit; ESM, Earth system model; RCM, regional climate model; UDEL,
University of Delaware.

The corresponding seasonal temperature variation indicates that, in general, seasonal
and spatial patterns are accurately simulated by both ensembles (see figure V). For example,
the warm temperatures that occur over most of West Africa (with the highest temperatures along
the Sahel band and in the Sahara desert between 10oN and 25oN and the coolest temperatures
along the Gulf of Guinea) are simulated with a fair degree of accuracy. Analysis of the spatial
magnitudes, however, reveals a cold bias for both ensembles. This cold bias, which is of the
order of 2oC, an acceptable bias for RCMs, could be due to a number of factors, include errors
in the values calculated for surface albedo, vegetation distribution, cloud radiative forcing and
partitioning of net solar and longwave radiation into latent and sensible heat (Hudson and Jones,
2002; Konaré and others, 2008; Giorgi and others, 2012; Zaroug and others, 2013; Sylla and
others, 2015a). This bias is more apparent in desert and orographic areas and along the Gulf of
Guinea coastline. In that regard, the RCMs provide a more accurate overview of local forcings
than the ESMs.
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Figure V
June-July-August-September mean temperature (oC) according to Climate Research Unit
and University of Delaware observations and Earth system model and regional climate
model ensembles during the recent historical period

Abbreviations: CRU, Climate Research Unit; ESM, Earth system model; GPCP, Global Precipitation Climatology
Project; RCM, regional climate model; UDEL, University of Delaware.

Figure VI shows the historical aridity index for West Africa (see Sylla and others (2015a)
for details on the methodology by which that index is derived). According to Climate Research
Unit and University of Delaware observations, the aridity (moisture zone) distribution shows a
north-south moisture gradient, from dry in the flatter terrain along the Gulf of Guinea (southern
Benin, Côte d'Ivoire, Ghana, Nigeria and Togo) to semi-arid in the Sahel (parts of Mali,
northern Benin, Côte d'Ivoire, Ghana, Nigeria and Togo, and southern Burkina Faso and
Senegal) and arid in the northernmost Sahel regions and the Sahara desert (northern Burkina
Faso, most of Mali and Niger, the northernmost areas of Nigeria and northern Senegal).
Nevertheless, orographic areas are characterized by a wet climate at higher altitudes and a moist
climate in surrounding areas (as is the case in Guinea, Liberia, the central and south-easternmost regions of Niger, and Sierra Leone). These areas are associated with interactions of humid
monsoon flow and topographical forcing of precipitation over the Guinea Highlands, Cameroon
Mountains and Jos Plateau. The RCM ensemble provides similar historical period aridity
patterns to those actually observed, and is significantly more accurate than the less precise ESM
ensemble. In particular, the RCM ensemble more accurately reflects the north-south aridity
gradient and the semi-arid Sahel band extending into northern Ghana and provides greater detail
with regard to land cover and topography. Conversely, the ESM ensemble shows significant
bias: it predicts less extended dry and semi-arid conditions and larger areas with moist climates,
in particular in the Gulf of Guinea. It is clear that, in general, the RCM ensemble more
accurately reflects the spatial distribution and the location of the various aridity zones of West
Africa and quantitatively captures the dominant moisture types in the various subregions. The
improvement is clear, notwithstanding a number of discrepancies observed when RCM
ensemble-generated data is compared with observation-based figures from the Climate
Research Unit and the University of Delaware.
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Figure VI
Historical aridity index according to Climate Research Unit and University of Delaware
observations and Earth system model and regional climate model ensembles

Abbreviations: CRU, Climate Research Unit; ESM, Earth system model; GPCP, Global Precipitation Climatology
Project; RCM, regional climate model; UDEL, University of Delaware.

Overall, both multi-model ensembles provide a reasonable simulation of the
precipitation, temperature and aridity throughout West Africa. The RCM multi-model ensemble
is a substantial improvement, compared with the driving ESM ensemble, in particular with
regard to simulations of the double-peaked rainy season over the Gulf of Guinea, precipitation
rates over the Sahel during the onset, the height and the retreat of the monsoon, as well as with
regard to simulations of seasonal mean precipitation, temperature and aridity throughout West
Africa. It is clearly worth using a higher-resolution regional climate model in studies of the
West African climate, including the climate in the ECOWAS region. The RCM multi-model
ensemble has therefore been used to generate future climate change scenarios for the region.

4.

Climate change projections
4.1 Projected seasonal mean and extreme temperature

In June-July-August-September, the RCM multi-model ensemble predicts a general
warming trend (future minus historical temperatures) throughout the ECOWAS region in both
forcing scenarios (see figure VII). The smallest mean temperature increases are predicted for
the orographic zones of Guinea, the Cameroon Mountains and the Jos Plateau. More significant
warming is foreseen for the area north of the Gulf of Guinea, while the greatest temperature
increases are foreseen in the Sahara. The temperature changes are substantially larger in the
high-level greenhouse gas forcing scenario (RCP8.5), in which an increase of between 4K and
7K is predicted, compared with the mid-level greenhouse gas forcing scenario (RCP4.5), under
which an increase of between 1K and 3.6K is foreseen.
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Figure VII
Projected changes in mean seasonal temperature (K or oC) (future minus historical
temperatures) for the regional climate model ensemble under (a) RCP4.5 and (b) RCP8.5

Figure VIII (a) shows the seasonal diurnal temperature range (DTR) for RCP4.5, which
is predicted to increase throughout the ECOWAS region, with the greatest increases occurring
in northern Mali, Niger and Senegal. The exception to this trend is along the Gulf of Guinea
coastline, in which the DTR is expected to decrease in Côte d'Ivoire, southern Ghana, Liberia
and Sierra Leone. In almost the entire ECOWAS region, changes in daily maximum
temperature are predicted to increase more than daily minimum temperatures. In the RCP8.5
(“business as usual”) scenario (see figure VIII (b)), these larger increases in the daily maximum
temperature, compared with the daily minimum temperature, occur along the northern Gulf of
Guinea and the Sahel band in a number of countries, including Burkina Faso, Guinea and
Senegal, as well as in southern Mali and Niger and northern Benin, Côte d'Ivoire, Ghana,
Nigeria and Togo. However, in the northern Sahel and the Sahara, including northern Mali and
Niger, and along the Gulf of Guinea coastlines in Benin, Côte d'Ivoire, Ghana, Liberia, Nigeria,
Sierra Leone and Togo, significant DTR decreases are projected, suggesting that changes in
daily minimum temperatures will be greater than changes in daily maximum temperatures and
indicating that these regions will experience warmer nights as the greenhouse gas forcing
increases. The predicted spatial DTR pattern changes underscore the localized nature of those
changes in the summer. In fact, although the projected number of seasonal summer days is
expected to increase overall in future climate scenarios for the entire ECOWAS region, the
greatest changes are expected to take place in the Sahel band, including in countries such as
Burkina Faso, Niger and Senegal, but also in northern Ghana and Nigeria and southern Mali
under both RCP4.5 and RCP8.5 scenarios. (see figure IX (a) and (b)) Although an increase of
30 to 45 days is foreseen under the RCP4.5 scenario, the increase in seasonal summer days is
expected to increase by more than 50 per cent (more than 60 days) in the RCP8.5 scenario
compared with recent historical data. With the maximum number of consecutive summer days,
however, projections show more days with maximum temperatures of more than 35oC. (see
figure IX (c) and (d)). This increase is expected to occur primarily in the northern Sahel, namely,
in Burkina Faso, Mali, Niger and Senegal. Under RCP8.5, the predicted increase in the number
of seasonal summer days is even more extreme than under RCP4.5.
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Figure VIII
Projected changes in mean seasonal diurnal temperature range (K or oC) (future minus
historical temperatures) for the regional climate model ensemble under (a) RCP4.5 and
(b) RCP8.5

Figure IX
Projected changes in mean number of seasonal summer days (upper panels) and
maximum number of consecutive summer days (lower panels) for the regional climate
model ensemble under RCP4.5 ((a) and (c)) and RCP8.5 ((b) and (d))
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4.2 Projected seasonal mean and extreme precipitation
The projected changes in seasonal mean precipitation for the RCP4.5 and RCP8.5
scenarios are shown in Figure X. A substantial reduction in seasonal mean precipitation is
predicted throughout the ECOWAS region in both scenarios, with the exception of southern
Côte d'Ivoire and Sierra Leone. In the RCP4.5 scenario, future precipitation decreases by
between 5 and 25 per cent, while in the RCP8.5 scenario, it decreases by more than 50 per cent
in specific areas, compared with historical data. Guinea, Mali and Senegal are the ECOWAS
countries that are expected to experience the largest decreases in precipitation.
Figure X
Projected changes in mean seasonal precipitation (per cent) for the regional climate model
ensemble under RCP4.5 and RCP8.5

Although information about the seasonal mean precipitation change is very relevant to
the ECOWAS region, human activity and society at large are affected more by extreme weather
events, such as droughts, unexpected wet spells and very heavy precipitation. In that regard,
many ECOWAS countries will experience increases in the maximum length of dry spells (see
figure XI). This increase in length, of approximately 30 per cent compared with historical norms,
is expected to occur primarily in eastern Nigeria and northern Senegal in the mid-level
greenhouse gas forcing scenario. In the high-level greenhouse forcing scenario, the reduction
in precipitation is even more extreme, with an area that is more than 50 per cent larger affected.
That area would include all of Guinea, Liberia and Senegal, western Mali and most of Nigeria.
Other parts of the ECOWAS region, including Burkina Faso, Côte d'Ivoire and Sierra Leone,
are expected to experience a decrease in precipitation of between 10 and 25 per cent.
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Figure XI
Projected changes in mean maximum seasonal dry spell length (per cent) for the regional
climate model ensemble under RCP4.5 and RCP8.5

Changes in the maximum length of wet spells (see figure XII) are expected to conform
to a dipole pattern, with a considerable reduction in length in the Sahel above 10oN, including
Burkina Faso, Guinea, Mali, northern Nigeria and Senegal, and a significant increase in length
in the Gulf of Guinea below 10oN, including Côte d'Ivoire, Ghana, Liberia, southern Nigeria
and Sierra Leone. This dipole pattern is apparent in both scenarios, but is more prevalent in the
RCP8.5 scenario, which predicts changes exceeding 40 per cent, compared with the historical
data.
Figure XII
Projected changes in mean maximum seasonal wet spell length (per cent) for the regional
climate model ensemble under RCP4.5 and RCP8.5

Conversely, it is projected that almost the entire ECOWAS region will experience an
increasing number of very heavy precipitation events (see figure XIII), including an increase in
the number of precipitation events in which more than 20 mm of rain falls within 24 hours. This
is foreseen under both the mid-level and high-level forcing scenarios, but is more marked under
the RCP8.5 scenario. Sahel countries will be more prone to such events. Those countries include
Burkina Faso, Guinea, Mali, Niger and Senegal. The northern regions of countries located on
the Gulf of Guinea, including Benin, Côte d'Ivoire, Ghana, Nigeria and Togo, could also be
affected. However, very heavy precipitation events are predicted to decrease slightly in the
12

future along the Gulf of Guinea coastline, namely, in southern Côte d'Ivoire, Ghana, Liberia,
Nigeria and Sierra Leone.
Figure XIII
Projected changes in mean number of very heavy seasonal precipitation events (per cent)
for the regional climate model ensemble under RCP4.5 and RCP8.5

4.3 Projected moist and arid zones
Projected aridity distribution in the RCP4.5 and RCP8.5 scenarios is shown in figure
XIV. Compared with historical data, the northern Sahel and the Sahara are predicted to become
more arid, affecting Burkina Faso, Mali, Niger and Senegal, while the semi-arid band over the
Sahel is expected to move southward, while less extensive wet and moist climates are likely be
found in orographic areas and along the Gulf of Guinea coastline, affecting Benin, Côte d'Ivoire,
Ghana, Nigeria and Togo. A shift towards more semi-arid and arid climes is projected for the
entire ECOWAS region. The shift is, in general, more pronounced in the RCP8.5 scenario.
Figure XIV
Aridity index for the regional climate model ensemble (historical data and projections
under RCP4.5 and RCP8.5 scenarios)
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5.

Challenges for agricultural development and food security

Daytime temperature predictions foresee more rapid daytime temperature changes than
night time temperature changes in many ECOWAS countries, which will lead to a substantial
increase in the number of seasonal summer days in the Sahel band. Temperature is, in fact, the
primary variable in determining when a crop will grow, and the threshold of 35oC, used here to
define what constitutes a seasonal summer day, is very close to the maximum limit of the
optimal temperature for many cereal crops currently produced in the ECOWAS region. The
substantial increase in the number of seasonal summer days underscores the increasing
vulnerability of cereal crops in ECOWAS countries and the potential food security challenge
posed by higher temperatures, in particular in the Sahel countries of Burkina Faso, Mali, Niger
and Senegal. In addition, the predictions regarding an increase in the number of very heavy
precipitation events in almost all ECOWAS countries and in the number of wet spells along the
Gulf of Guinea in Côte d'Ivoire, Ghana, Liberia, southern Nigeria and Sierra Leone mean that
those countries will face an increased risk of floods, which is associated with intense and longlasting precipitation events. This could put agriculture under significant pressure, resulting, for
example, in a sharp increase in the number of waterlogged crops. Lastly, the predictions
regarding more extended the dry spells and more extensive arid and semi-arid areas suggest
that many ECOWAS countries will face significant challenges relating to water management
and agricultural production.
The analysis shows that climate change will lead to increasingly common extreme
precipitation and temperature events and cause shifts in the various moisture zones. This
alteration could substantially disrupt agricultural activities. For example, it is unlikely that
certain crops that are currently grown in the Sahel in semi-arid climates will be able to withstand
more arid conditions. Those crops will be able to grow only in areas closer to the Gulf of Guinea.
On the other hand, it is possible that specific crops that are now cultivated in areas with
significant precipitation will grow only in orographic areas. The development of crop species
that are more resilient to hotter and warmer climates and the implementation of sustainable
practices, such as climate-smart agriculture, will be critical if ECOWAS countries are to
mitigate the effects of climate change. In addition, innovative water management and
agricultural practices must be adopted so that farmers can cope with the increased water stress
that is likely to affect the ECOWAS region, one in which population growth will inevitably
compound future water and food security challenges.
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