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EXECUTIVE SUMMARY

Climate change is acknowledged to be among the most serious threats to food supply systems and their
capacity to meet the growing food needs of populations. Indeed, it is predicted that agriculture in the
Economic Community of West African States (ECOWAS) countries will be seriously affected by climate
change, but the magnitude and impact of that change will vary across landscapes. The present working
paper looks at various agro-climatic zones (ACZs) and investigates the potential impact of climate change
on land allocation and crop production in the ECOWAS region. The authors of the paper used a regional
mathematical programming model to simulate the impact of climate change on crop acreage and crop
production under two representative concentration pathways (RCPs) and four prevailing socioeconomic
conditions. The findings suggest that crop acreage and production will decrease, increase or remain
constant according to the type of crops cultivated and future climate and socioeconomic scenarios. The
production of paddy rice, maize, sorghum, millet, oil seeds, cocoa, coffee and sesame is likely to fall in
most areas as a result of both moderate and severe climate change. The magnitude and the direction of
the change are expected to vary across different geographical areas. This paper, moreover, underscores
the need for international action to reduce greenhouse gas emissions to ensure that populations in
developing counties enjoy a higher quality of life in the years ahead, as well as the need for effective
adaptation strategies to mitigate the negative effects of climate change.

Vil



Spatial implications of climate change on land allocation and agricultural production
1.INTRODUCTION

Climate change poses one of the most serious threats to food supply systems and their capacity to meet
growing food needs (Leclére and others, 2014; Parry and others, 2004; von Lampe and others, 2014). It
exacerbates other existing challenges, including extreme poverty and hunger (Nelson and others, 2010).
Climate change is expected to hamper food production in the future, and may significantly impede the
achievement of the 2030 Agenda for Sustainable Development. Indeed, climate change is recognized as
a factor that is already depressing major crop productivity, and it is predicted to have a significant impact
on the overall supply of agricultural products in the future (Gornall and others, 2010; Roudier and others,
2011; Di Falco and others, 2012; Challinor and others, 2014; Rosenzweig and others, 2014; Leclére and
others, 2014, Intergovernmental Panel on Climate Change, 20143, b).

Agriculture in developing countries is likely to be seriously affected by climate change (Tol, 2002; Fischer
and others, 2005; Mendelsohn and others, 2006). Indeed, agricultural production in those countries is
irrigated, primarily, by rain and is thus heavily dependent on climatic conditions. Opportunities exist,
however, although revenue from African crops is likely to decline as temperatures rise, the net revenue
from African livestock is, in many cases, likely to increase (Seo and Mendelsohn, 20083, b; Seo and others,
2009).

Moreover, climate change is also expected to provide opportunities to improve established farming
practices (Gornall and others, 2010), but Seo (2013) concluded that, although farmers can prepare for
climate change, they are presently ill-equipped for sudden weather-related change. It is therefore critical
to identify the most appropriate climate adaptation strategies for farmers.

Before considering those strategies, however, relevant stakeholders must assess the magnitude of the
potential threats resulting from climate change. To that end, a variety of economic models have been
developed to investigate the impact of climate change on agricultural production, including large-scale
models (Butt and others, 2005; Medellin-Azuara and others, 2011; Leclére and others, 2014) to small-
scale bioeconomic models (Pinky and Rayhan, 2013, Lokonon and others, 2015). In addition to impact
evaluation, bioeconomic models are also used to conduct policy simulations, including agricultural and
adaptation policy simulations (Barbier and Bergeron, 1999; Judez and others, 2001; Bartolini and others,
2007; Cortignani and Severini, 2009; Louhichi and others, 2010a; Janssen and others, 2010; Sanfo and
Gérard, 2012; Louhichi and Paloma, 2014) and environmental policy simulations (Dolisca and others,
2008; Hellwinckel and others, 2010; Janssen and others, 2010; Louhichi and others, 2010b; Belhouchette
and others, 2011; Egbendewe-Mondzozo and others, 2011; Bamiére and others, 2011, Egbendewe-
Mondzozo and others, 2013; Chen and others, 2014; Egbendewe-Mondzozo and others, 2015).

Although earlier studies have provided useful tools to measure the impact of climate change on
agriculture at both a continental and national scale within Africa, the question of how that impact may
vary across landscapes remains unresolved (Seo and others, 2009). The effects of climate change will
differ across agro-ecological zones (AEZs) and agro-climatic zones (ACZs) in Africa (Seo and others, 2009;
van Wart and others, 2013). The Food and Agriculture Organization of the United Nations (FAO) defines
AEZs as geographic units that have a similar climate and soil for agriculture, while ACZs are defined as
divisions of a region based on homogeneity in weather variables that have the greatest influence on crop
growth and crop yield (van Wart and others, 2013).
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In other words, while AEZs help broadly define environments where specific agricultural systems may
prove successful, ACZs can be studied with a view to more effectively distinguishing between similar
agricultural systems within the larger AEZs (van Wart and others, 2013). Given that soil characteristics
are also important determinants in agricultural systems, agro-climatic and soil zones (ACSZs), represent
an appropriate geographical unit that may be scaled up, in time and space. Within large ACZs, ACSZs
represent similar agricultural systems, primarily in terms of the different soil types they contain.

This paper considers the implications of climate change in terms of land allocation and crop production
across ECOWAS countries using data obtained from an ACSZ-based bioeconomic model. Specifically, the
following research questions are addressed in this paper:

What are the spatial implications of climate change on crop land allocation in ECOWAS
countries?

To what extent will crop production be affected by climate change in ECOWAS countries?

This paper incorporates socioeconomic and climatic scenarios into the regional bioeconomic model
which provides a detailed overview of climate and soil types in West Africa — where there is often
insufficient high-quality data. It is therefore possible to compare various geographic units in West Africa
in terms of land allocation and agricultural production under different socioeconomic and climatic
scenarios.

The remainder of the paper is organized as follows: the main components of the bioeconomic model
are described in Section 2; the main results are presented in Section 3; and the paper concludes with a
discussion of key findings as well as policy implications and suggestions for future research.
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2.MATERIALS AND METHODS

1.1. STUDY AREA

The present study was conducted in the ECOWAS region in West Africa (see Figure ). The region includes
the following 15 countries: Benin, Burkina Faso, Cabo Verde, Cote d'Ivoire, the Gambia, Ghana, Guinea,
Guinea-Bissau, Liberia, Mali, the Niger, Nigeria, Senegal, Sierra Leone, Togo. However, Cabo Verde was not
included in the present paper owing to insufficient data. The ECOWAS region covers 5.1 million square
kilometres, and its population in 2014 was approximately 339,860,900. The livelihoods of the vast majority
of people in West African countries depend on agriculture. However, although agriculture employs some
60 per cent of the region’s labour force, it contributes only 35 per cent to its gross domestic product
(GDP) (Jalloh and others, 2013). Farmers in ECOWAS countries produce at rates on par with subsistence
levels of agriculture, due to the fact that many of them live in entrenched poverty and face numerous
constraints on their agricultural productivity, including climate shocks, soil acidity, and nutrient-depleted
and degraded soils that impede agricultural development. The most important food crops grown and
consumed in ECOWAS countries include cereals (maize, sorghum, millet and rice), roots and tubers
(cassava, sweet potatoes and yams), and legumes (cowpeas and groundnuts), while the major cash crops
include cocoa, coffee and cotton (Jalloh and others, 2013). The region is divided into 39 ACZs (Sebastian,
2014). Soils are grouped into three types: loam, clear and sandy, to generate ACSZs for the modelling
exercise (see Figure ).

Figure I Maps of ACZs and soils in the ECOWAS region

ACZs Main soil types
Source: van Wart and others (2013) Source: FAO (2015)
1.2. MODEL

The research was carried out using a bioeconomic model with a representative risk-neutral and profit
maximization economic agent. The model integrates a biophysical geographic information system (GIS)
into a regional economic mathematical programming model (referred to as ECOLAND), which builds on
previous regional bioeconomic models in a multi-product partial equilibrium framework (McCarl and
Spreen, 1980; Chang, 2002; Spreen, 2006). Those previous models include, for example, the agricultural
sector model (AMS) — a spatial mathematical programming model developed for the United States
agricultural sector — which was used to simulate market equilibrium effects for resources (land, water and
labour) and commodities (domestic use, imports and exports of primary and secondary or processed
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items) (Attwood and others, 2000; Chang and others, 1992); the Taiwan agricultural sector model (TASM)
— a price-endogenous spatial equilibrium model — which was used to assess the impact of crop yield
changes in Taiwan Province of China on regional production, land use, welfare distribution, as well as
the capacity of the agricultural sector in that region to adapt to climate change (Chang, 2002). Howitt
and others (2009) and data derived using the statewide agricultural production model (SWAP), — a
price-endogenous optimization model calibrated with the positive mathematical programming (PMP)
approach used to estimate the revenue impact of climate change in California. ECOLAND is a strictly
supply-oriented model that considers climate and atmosphere factors, such as temperature, precipitation
and carbon dioxide levels, as well as non-climatic factors, such as soil fertility, demography and output
prices, as exogenous variables (see Figure ). Indeed, ECOLAND does not consider the relationship between
price responses and induced supply changes. Crop yields are supplied to the bioeconomic model by an
econometric crop simulator component. The GIS component supplies parameters relative to the ACSZs,
including the size of areas dedicated to arable farming and to livestock farming.

Figure 11 ECOLAND conceptual framework

Climate and Atmosphere
iemperature
Precipitation

Carbon dioxide
D1ane
Agricultural Land

Crops Food Production

Non Climate Factors
Sail fertility
Water availability
Fertilizer
Demography
Economics
Socio-politics

Source: United Nations University Institute for Natural Resources in Africa (2014)

1.2.1. CROP YIELD MODEL

Crop yields were generated using climate change outputs from two representative concentration
pathways (RCPs). Following Chang (2002), the study adopted a multi-regression approach for crop yield
generation. Average crop yields from the 39 ACZs and for the three types of soil in the ECOWAS region
for the year 2004 were used in the econometric regressions. The econometric approach was adopted
because the study was conducted with a view to estimating the values of the crop yields based only on
changes on environmental conditions such as climate. Crop rotation and other management practices
that may improve or worsen environmental factors, such as soil nutrient content, were not considered.
The study assumed that crop yields depend primarily on climate and soil conditions, and atmospheric
carbon dioxide concentrations." Agriculture is primarily rain-fed in ECOWAS countries, and the use of
advanced agricultural technologies and fertilizers is not widespread. However, after estimating crop

1 Itis worth noting that, as this study does not follow the duality approach (Segerson and Dixon, 1999), prices are not included in the model.
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yields in various environmental scenarios, results were adjusted to account for the impact of technological
innovation. The model in its general form is presented as follows:

a; B
Yie = €028 (119%ay Ty) ) (0% 0y B ) (MaeaSTE) - (D

Or in logarithmic terms:
log (Y;¢) = log (Zit) + X3<ay @jlog (Tyje) + X9 hay Bilog (Pije) + Li=1 vilog (Si) + 8log(CO22)

where T and T are, respectively, the agro-climatic and soil zones index and time index, Zit is technological

T; P;

progress, * it is the monthly main temperature, * it is the monthly main precipitation, Sik is the soil

characteristics, and €02t is the concentration of carbon dioxide in the atmosphere at time t.
The dynamic of technological progress? is given by

60
log(Zie) = 0.06 « (=) +0.98 xlog(Zie—1) + Use 3 Zio = 103)

1+t

where Uit is a white noise with a truncated normal distributionx(ol 0.005, [0, +°°D,3

1.2.2. GEOGRAPHIC INFORMATION SYSTEM COMPONENT OF THE BIOECONOMIC MODEL

In the design of a consolidated map of ACZs, sails, land uses, countries, river basins and river sub-basins,
a geographic information system (GIS) was used. Agricultural production decisions take place at the ACZ
level. However, country-level, basin-level and sub-basin level information with regard to the share of ACZs
dedicated to agriculture are needed in order to aggregate agricultural land allocation and agricultural
production at country, sub-basin and basin levels. Due to technical constraints, the study considered only
the five major basins in the ECOWAS region, specifically: the Gambia, the Niger, Senegal, and Lake Chad
and the Volta River4 ACZ crop and livestock land information obtained from the land use map (Sebastian,
2014, FAQ, 2015; van Wart, and others, 2013) was used to compute land use shares, which were used as
aggregation coefficients for the modelling outputs.

1.2.3. ECONOMIC MATHEMATICAL PROGRAMMING MODEL

The present working paper assumed a farming system characterized by seven cropping systems and four
livestock types. The cropping systems were paddy rice, cereals (maize, sorghum and millet), vegetable
and fruits (bananas, cassava, plantains, potatoes, sweet potatoes and yams), oil seeds (beans, cashew nuts,
cowpeas, groundnuts and soybeans), sugarcane, cotton and other crops (cocoa, coffee and sesame), as in
the classification of crops according to the Global Trade Analysis Project (GTAP). The livestock types included
cattle, sheep and chicken. The empirical model assumed that farmers must select from the portfolio of the
seven cropping systems and the four livestock types by allocating land, labour and financial resources to
maximize the discounted farm profit for each ACZ. The mathematical programming model is expressed as:

the classification of crops according to the Global Trade Analysis Project (GTAP). The livestock types included

cattle, sheep and chicken. The empirical model assumed that farmers must select from the portfolio of the

2 The study assumes that technological progress will increase yield by 1 per cent each year. To avoid non-stationary process, technological
change is captured by equation 3.

3 See Atewamba for details on crop yields simulations.

4 The basin and sub-basin data are not reported but are available upon request.
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seven cropping systems and the four livestock types by allocating land, labour and financial resources to
maximize the discounted farm profit for each ACZ. The mathematical programming model is expressed as:

Max Zty [e—OAO3ty (Zz Zr Z:Ic(‘g}ll]"relc,z * x“verz,r, ty * lpricek,r, ty) + Zz Zc Zk Zs(Sharek,z * yieldz,c, sty * xcropz,c,s,ty *
XCTopz.csty Xliverz, rty tlabz mty

pricek,c,ty) - Ztm Zz((fwagez,tm,ty * famlabz,tm,ty + twag ez,tm,ty * tlabz,tm,ty)/dpm) - Zr Z:z ((rationsz,r,ty + Uetprr, ty) * x“verz,r,ty) -

Y, e X(PCoSt 1y * XCTOD 1 61) — Ty Do Tis X ((xcropus, ty +liog, * 1000 % xliver,, ,,) * landcostzyty))] (4)
Subject to

ZchTOPz,c,s,ty < 1000* landc, 4y (5)
¥, lio , * xliver, ., * 1000 < 1000 * landL, ,, (6)

Zszc(laboram * XCTOP, ¢, S,ty) + Zr(llabtm,r * xliverz,r,ty) < famlab, iy 1y + tlabgem ¢, 7)
Zczs(pCOStz_c,ty * xcropz_cls_ty) + Zr(rationszmty + vetprryty) * xliver, ,.p, +

Yitm (twagezltmlty * tlabzltm,ty)/dpm + X2 Zr(xcropz,cls,ty + liog , *1000 * xliverzyr,ty) *
landcost, 1, < wcbar,,,, (8)

The objective function (4) contains six expressions.

The first expression

Xty Ie 0.0ty (ETEZ ((ratiﬂnszﬂy +vetpr,,,) * xuverzﬂy))])

is the total discounted livestock revenue’ .

The second expression

Ziyle OBV (X, X Ey Ds(sharey, = yield, . gp * XCTOP ¢ 5.0y * PTiCeycry))] ) represents
the total discounted crop production revenue from all crops and groups of crops.

The third expression

{Zty[e -n_nzt}f(z m:zz{ t:fwagezmmy * famlab, g, 1y + tWage, gy 1y * tiabzlnm},];’dpm)]]) is
the total discounted labour costs.

The fourth expression

(Zey [e'“-““-"" (Z,. Y. ((mtiansz,,.w + vetpry.,y ) * xfiver,,,,.lry))]) represents the overall
discounted livestock feeding and veterinary services costs.

The fifth expression

(Zey le~ 003ty (%, Ech(Pfﬂstz.c.ty * xcropzm_t},)}]] is the overall discounted technology
costs.

The sixth expression

ity [E‘”'US"’ (Ez JIFD I ({xcropzlflslry + liog, * 1000 « xliver, ¢, ) * Iandcustz.t},))]]

represents the total discounted land cost. Equation (5) is the expression of crop land resource constraints.

5 Itisassumed that none of the livestock produced are sold. The expression provides for a calculation of total livestock revenue in the objec-
tive function.
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Equation (6) represents livestock land resource constraints. Labour resource constraints are accounted for
by equation (7), and equation (8) accounts for financial resource constraints

Table 1 Definitions of model sets, parameters and variables

Sets, parameters

and variables Definition

Sets

C Set of seven crops and groups of crops studied in the model

r Set of four livestock types studied in the model

s Set of three soil types

km Set of four technologies used in crop production

tm Set of 12 months of the year

ty Set of 5-year periods from 2010 to 2100 with 2004 as baseline

z Set of 39 agro-climatic zones

k Set of 14 countries included in the analyses

b Set of five basins included in the analyses

Parameters

landcm Crop land per ACZ, soil type, and per period (thousand ha)

/a”dlz,s,fy Livestock land per ACZ, soil type, and per period (thousand ha)

rationsmy Livestock ration feeding per ACZ, livestock type, and per period (thousand USD)

lio,, Land requirement per livestock type, and per soil type (1 ha per head)

labor_ Labour requirement per crop and group of crops type, and per month (person-days)
llab, Labour requirement per livestock type, and per month (person-days)

pricemy Crop prices per country, and per period (thousand USD per ton)

yieldmy Yield of crop per ACZ, per soil type and per period (ton per ha)
pcost, Technology costs of crop , per ACZ and per period (thousand USD)

fwagezm Family reservation wage per ACZ, month and period (thousand USD per person-day)
twage, Hired labour wage per ACZ, month and period (thousand USD per person-day)
famlabm[y Family labour per ACZ, month and period (person-days)

lpricew Livestock prices per country, and per period (USD per head)

vetpr, Cost of veterinary services per livestock type, and per period (thousand USD)
landcostm Land costs per ACZ, and per period (thousand USD)

wcbarm Working capital per ACZ, and per period (thousand USD)

share, , Crop land share of ACZs within countries

dpm Number of working days per month
Variables

xcrop, ., Quantity of land in each ACZ allocated to crop or groups of crops , per soil type and per period (ha)
xliverm Number of livestock produced in each ACZ, per type, and per period (head)

t/abzrmw Hired labour to complement family labour per month, and per period in each ACZ (person-days)
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1.2.4. PARAMETERIZATION OF THE MODEL

The parameters used in the bioeconomic model are derived from a number of sources. In addition
to data on crop yields, and land acreage allocated to crops and livestock, intensive desk surveys were
done to collect data on the numerous socioeconomic parameters required to perform the optimization.
Indeed, many socioeconomic parameters used in the modelling are from previous published studies
(including Louhichi and others, 2013; Louhichi and Paloma, 2014; and Lokonon and others, 2015). Some
socioeconomic parameters were derived from the world development indicators (WDI) and from FAO
databases. Many socioeconomic parameters are projected from 2010 to 2100.

The study postulated four socioeconomic scenarios to capture uncertainty about future economic
prospects (Palazzo and others, 2014). Scenarios are not projections, predictions or forecasts; rather, they
describe potential future conditions and how they could come about (Wilkinson and Eidinow, 2008).
The socioeconomic scenarios employed two axes of uncertainty: (i) whether short-term or long-term
priorities dominate in regional governance; and (ii) whether State or non-State actors are the driving force
of change in the region. It was also assumed, however, that many other drivers could play a role in the
scenario pathways (Palazzo and others, 2014). Those other drivers, such as population, GDP and political
stability, were assumed to affect each socioeconomic scenario to allow for comparisons to be made
between them (Palazzo and others 2014). The present study used the following four socioeconomic
scenarios (also referred to as shared socioeconomic pathways (SSPs)), which were developed by Palazzo
and others (2014):

Cash, control and calories: In this scenario, State actors are the dominant force in West Africa
and short-term priorities (referred to as SSP1) prevail;

Self determination: In this scenario, State actors are the dominant force in West Africa and long-
term priorities (referred to as SSP2) prevail;

Civil society to the rescue?: In this scenario, non-State actors are the dominant force in West
Africa and long-term priorities (SSP3) prevail;

Save yourself: In this scenario, non-State actors are the driving force in West Africa and short-
term priorities (SSP4) prevail .

The four SSPs were used to project the model’s socioeconomic parameters. Crop and livestock prices
were projected based on annual inflation rates. The inflation rates differ across SSPs and across countries
of the West African Economic and Monetary Union (WAEMU) and non-WAEMU countries: (i) SSP1T —
6 per cent for WAEMU countries and 12 per cent for non-WAEMU; (i) SSP2 — 2 per cent for WAEMU
countries and 8 per cent for non-WAEMU; (iii) SSP3 — 4 per cent for WAEMU countries and 10 per cent
for non-WAEMU; (iv) SSP4 — 8 per cent for WAEMU countries and 15 per cent for non-WAEMU.

Climate scenarios were also incorporated in the study (Sylla, 2015) to project future crop yields. The
climate scenarios were based on a regional climate model (RCM). A Coupled Model Intercomparison
Project, Phase 5 was selected and dynamically downscaled using a high resolution RCM for the West
Africa region for two core Intergovernmental Panel on Climate Change RCPs, namely: RCP4.5 (a mid-
level future greenhouse gas forcing); and RCP8.5 (a higher-level greenhouse gas (GHG) forcing) (Sylla,
2015). The climate projections estimate future precipitation levels, near-surface temperatures and
evapotranspiration rates.
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1.2.5. BIOECONOMIC MODEL CALIBRATION

The economic mathematical programming model was calibrated before it was used in climate change
impact simulations. The model was calibrated using observed data for the baseline year of 2004. Close
approximations of observed land allocation for various crops per land use in 2004 were obtained using
a traditional PMP approach (Howitt, 1995), which has been used in many other studies (for example
Egbendewe-Mondzozo and others, 2015; Egbendewe-Mondzozo and others, 2011; Heckelei and others,
2012).Infact, PMP is often used in regional bioeconomic models (Howitt, 1995; Rohm and Dabbert, 2003).
One of the strengths of the PMP calibration approach is that the model’s outputs are closer to real-world
scenarios (Kanellopoulos and others, 2010). The usual three steps of the PMP approach were followed
during the calibration procedure (Howitt, 1995; Kanellopoulos and others, 2010). Firstly, a raw linear
programming model was run to understand the model behaviour without calibration: only vegetables
and fruits (bananas, cassava, plantains, potatoes, sweet potatoes, and yam) were found to grow in all
ACZs. Secondly, the simulation model was repeated, with land-use data derived from countries’ crop
land in 2004 in order to replicate observed 2014 crop land at country level. Finally, the shadow prices
from the second step were used to calculate the coefficients of the marginal yield functions, which were
used to calibrate the model as a non-linear quadratic optimization model under the assumption of a
decreasing linear marginal yield. Following this calibration procedure, the model was able to predict crop
land allocation at country level for 2004 with an average percentage deviation of 13.9 per cent, which is
within the acceptable range in modelling farmer behaviour (Hazell & Norton, 1986; Howitt, 1995).

In accordance with Egbendewe-Mondzozo and others (2015), the study assumed a land penetration rate
of plus and minus 2 per cent each year to constrain crop land allocation dynamically in the simulations,
taking into account the fact that total crop land use cannot be greater than the available arable land.
This allowed the authors of the study to incorporate a dynamic component into the rather static PMP
approach, which provided for more realistic estimates of acreage over time. It is worth noting that this
approach did not allow the model to capture extreme climatic events over the short term. As many
farmers in ECOWAS countries consume their own produce (Seo and others, 2009), there may not be a
significant shift in acreage patterns in the short term. Therefore, our calibration approach is consistent
with the observed rigidity in short-term acreage expansion. A similar calibration approach was used for
livestock production in ECOWAS countries.
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3.RESULTS AND DISCUSSION

ECOLAND was used to investigate climate change-related crop supply drivers. Given the long time period
required for climate change impact assessments, the findings should not be interpreted as a projection
or forecast, but rather as the probable outcome of the interaction of a number of imperfectly understood
driving forces (Medellin-Azuara and others, 2011).

1.3. CLIMATE CHANGE IN THE ECOWAS REGION

Crop yields were forecast under RCP4.5 and RCP8.5. A regional increase in temperature is projected using a
multi-model RCM ensemble for the entire ECOWAS region (Sylla, 2015).6 However, the degree of warming
is expected to vary across the region. The smallest mean temperature increases are likely to occur in 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 GHG forcing scenario
(RCP8.5), in which an increase of between 4K and 7K is predicted, as compared with the mid-level GHG
forcing scenario (RCP4.5), under which an increase of between 1K and 3.6K is foreseen. (see Figure ).
The diurnal temperature range under RCP4.5 is predicted to increase throughout the ECOWAS region,
with the greatest increases occurring in northern Mali, the Niger and Senegal. However, it is expected
to decrease in Cote d'Ivoire, southern Ghana, Liberia and Sierra Leone. Greater increases in the diurnal
temperature range are expected to occur in the RCP8.5 scenario than in the RCP4.5 scenario.

Figure Il Projected changes in mean seasonal temperature (in K or oC) (future minus historical temperatures) for the RCM ensemble
under (a) RCP4.5 and (b) RCP8.5

Temp: RCP4.5 - Historical Temp: RCP&.5 - Historical
25°N - l;- = ; 25°N
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20°N s - 20°N
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10°N 10°N
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20°W  10°W o° 10°E 20°E 200 10°W 0° 10°E 20°E
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1.2 1.4 16 18 2 22 24 26 2B 3 32 36 4 44 48 52 56 6 64 68

Source: Sylla (2015).

A substantial reduction in seasonal mean precipitation is predicted throughout the ECOWAS region
in both RCP scenarios, with the exception of southern Cote d'lvoire and Sierra Leone (Sylla, 2015). 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 certain areas, as compared with historical data (see

6 Asmany as 130 years of simulations were performed up to the year 2100, and RCP projections for the years 2070—-2099 were compared with
data from the recent historical period (from 1976 to 2005) Historical daily climate data were used for the period 1970—-2005, and climate data
calculated for the years 2006—2100.
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figure IV). Guinea, Mali and Senegal are the ECOWAS countries that are expected to experience the
largest decreases in precipitation.

Moreover, the length of dry spells and the frequency of very heavy precipitation events are both projected
to increase substantially under both RCP scenarios, with the largest increases occurring under RCP8.5. A
dipole pattern is expected for wet spells, with the length of wet spells decreasing in countries along the
Gulf of Guinea and increasing in the Sahel.

Figure IV Projected changes in mean seasonal precipitation (per cent) (future minus historical values) for the RCM ensemble under
RCP4.5 and RCP8.5

Precip: RCP4.5 - Historical Precip: RCP8.5 - Historical
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Source: Sylla (2015).

Projected aridity distribution in the RCP4.5 and RCP8.5 scenarios is shown in figure V. Compared with
historical data, the northern Sahel and the Sahara are predicted to become more arid, while the semi-arid
band over the Sahel is expected to move southward. Less extensive wet and moist climates are likely be
found in orographic areas and along the Gulf of Guinea coastline, (Sylla, 2015). A shift towards more semi-
arid and arid climes is projected for the entire ECOWAS region. The shift is generally more pronounced in
the RCP8.5 scenario.

Figure V Aridity index for the RCM ensemble (historical data and projections under RCP4.5 and RCP8.5 scenarios)

Historical Aridity Index RCGP4.5 Aridity Index RCP8.5 Aridity Index
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Source: Sylla (2015)

1.4. CROP LAND ALLOCATION AND PRODUCTION WITHOUT CLIMATE CHANGE

As previously mentioned, the model was calibrated using data on crop acreage in 2004 at country
level with an average percentage deviation of 13.9 per cent. Estimated crop land allocation and crop
production are shown in table 2. Crop acreage and production were shown to vary across countries as
a result of different agricultural conditions on the ground. Three groups of crops were not produced by
certain countries in 2004: sugarcane was not produced by the Gambia (Sowe and others, 2015); Liberia
and Sierra Leone did not produce cotton (Rhodes and others, 2015); and Guinea-Bissau and Niger did
not produce cocoa, coffee or sesame (Cassama and others, 2015; Maman and others, 2015). Simulations

11
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without climate change were conducted to understand agricultural production paths under different
socioeconomic scenarios in the absence of climate change in the region, with a view to establishing

baseline scenarios against which the impact of climate change could be estimated. The findings show

that, without climate change, acreage and production were likely to increase for all crops in the years

ahead.
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Paddy rice acreage and production follow the same patterns under all SSPs. However, in Senegal, they
are almost 35 per cent lower during the second half of the twenty-first century than in the first half of
that century. Cereals acreage and production are lower under SSP2 than under other SSPs for certain
countries, including Burkina Faso, Mali, the Niger, Nigeria and Senegal throughout the century, and for
Benin, the Gambia, Ghana and Togo, the same case applies but the time span is limited to between 2090
and 2100. In 2010, cereals acreage and production are forecast to be lower in Benin, Burkina Faso, the
Gambia, Mali, the Niger, Nigeria and Senegal under the SSP2 than under SSP1. Vegetables and fruits,
sugarcane, cocoa, coffee and sesame acreage and production are not heterogeneous across the SSPs.
Although oil seeds, and cotton acreage and production follow the same patterns for all countries under
SSP1, SSP3 and SSP4, they differ substantially under SSP2. Indeed, oil seeds, and cotton acreage and
production are lower under SSP2 than SSP1 for certain countries, including Burkina Faso, Mali, the Niger,
Nigeria and Senegal.

1.5. CLIMATE CHANGE IMPLICATIONS IN TERMS OF CROP LAND ALLOCATION

The changes in land-use patterns for each climate scenario were analysed for all SSPs.

1.5.1. PADDY RICE ACREAGE

The distribution of paddy rice acreage follows the same patterns across SSPs under RCP4.5 and RCP8.5
(see tables 3 and 4). Under RCP4.5, paddy rice acreage falls from 2060 to the end of the century in all
countries. However, countries are unevenly affected. By 2080, certain countries, including Benin, Burkina
Faso and Mali are likely to see a decrease in paddy rice acreage by 8.5 per cent, 3.5 per cent, and 6.8 per
cent, respectively, while other countries, including the Gambia, Guinea-Bissau and the Niger are unlikely
to experience any change. The impact of climate change on paddy rice acreage is also uneven across
countries under RCP8.5. Indeed, countries such as Benin, Burkina Faso, the Gambia, Guinea-Bissau, Mali,
the Niger and Senegal do not experience any change in paddy rice acreage under that scenario. Moreover,
while some countries are expected to be negatively affected by the climate change under the harsh
climate change scenario after 2070, climate change is then expected to have a positive impact in those
counties at the end of the century. The impact of climate change on paddy rice acreage is greater under
RCP4.5 than under RCP8.5. It should be noted, however, that such an impact varies across ACZs within
countries. For example, in the harsh climate change scenario, negative changes in paddy rice acreage are
observed in loamy soils for ACZ 3, while positive changes are observed in loamy soils for ACZ 15.
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1.5.2.  MAIZE, SORGHUM AND MILLET ACREAGE

The distribution of maize, sorghum and millet acreage follows the same pattern for all SSPs under
RCP4.5 and RCP8.5 (see tables 6 and 7). From 2020 until 2050, climate change is expected to have an
insignificant impact on cereal acreage in almost all ECOWAS countries, except for Mali, the Niger, Nigeria
and Senegal, where acreage is expected to increase under SSP1, SSP2 and SSP3 from 2020. From 2050
until the end on the century, climate change is likely to result in less arable land being allocated to the
cultivation of maize, sorghum and millet in all ECOWAS countries except for the Gambia and the Niger,
where the acreage of land allocated to those crops is expected to increase. Certain countries, including
Benin, Guinea, Guinea-Bissau and Sierra Leone are likely to witness a decrease in the acreage of land
allocated to cereal production of more than 50 per cent by the end of the century in all climatic and
socioeconomic scenarios. A decrease of less than 10 per cent in the acreage of land allocated to cereal
production is foreseen in Burkina Faso, the Gambia, Ghana and Nigeria by the end of the century in all
climatic and socioeconomic scenarios. In general, there is very little variation in cereal crop acreage in
ECOWAS countries under the various climatic and socioeconomic scenarios. Climate change is, however,
expected to have an impact on the amount of land allocated to maize, sorghum and millet production
across ACZs, with more land allocated to those crops in certain ACZs, such as in ACZ 20 (loamy soils) and
ACZ 22 (loamy and sandy soils), and less land allocated in other ACZs, such as ACZ 32 and ACZ 34 (clay
soils). At the ACZ level, the prevailing SSP is expected to modify the impact of climate change on cereal
acreage.

18



Spatial implications of climate change on land allocation and agricultural production

(4
00

€0

9'0S-
0oLc

'8¢-

L'68
(43
vve
ovl
00
9'09-
00
§'S-
00

00

8'19-
0oLc

L'y-
00

LYl-

8-
060¢

S'ce-
L'LL-
€69
L8
9'8L
S'6C
Sv6-
L'LG-
£'88-
L'¥-
00

LYl-

9'0S-
060¢

S
00

L°0-

L'9C-
080¢

e€le

L'1e
80
L9
g€
00
6c-
€0-
S
00

S'/-

L'9C-
080¢

S'L-

L0

v'ee-

[4V

9'G-

0£0¢

L0l-

L'6L-

L°0-

6'0-

00

¥'0-

00

OLL-

Cl-

§'L-

1’0

Ve

9'G-
0£0¢

8'8-
[40)

09¢

(4]
090¢

€6/

£0C

8'G

(0h 74

§'8¢-

1445

€L/-

8'8-

[40)

09¢

(40
090¢

00
L'0

00
80
00

00

00

90

00
L'0

00
0S0¢

00

00

00

00

00
0t0¢

00

00

00

00

00
0€0¢

00

00

00

00

00
0coc

J|9SIN0A dAES HdSS

00
00
00
00
00
00
00

00

00

00

00

00

00
010¢

00
00
L'6¢C
9'G-
€G-
(O
00

00

00

€0¢-

00

0'8l-

€l-
0€0¢

00
00
8vl
€¢C
L'SE
Vil
00
00
00
00
00
00
6'C
00
0c0c

(4
00

€0

9'0S-
0olc

L'8¢-

¥'0¢
Sl
L'8
00
9'09-
00
(4%
00

00

9'0S-
0olLc

L'¥-
00

LYl-

8-
060¢

S'ce-

L'LZ-

L'LS-

£'88-
L'y~
00

LYl-

8-
060¢

Sv-
00

L0~

L'9C-
080¢

(44
€0-
Sv-

00

S'/-

L'9¢C-
080¢

9'G-

0£0¢

L0l-

L'6l-

6Ll

70

8¢

0¢

00

OLL-

Cl-

9'S-
0£0¢

8'8-

(40

09¢

L0

(4]
090¢

€6/~
9¢
o€
/8
LS
g'8¢-
144%
€L-
8'8-
[4Y

09¢

(40
090¢

00

L0

6'C

00

00
05S0¢

00

00

00

00

00
0t0¢

00

00

00

00

00
0€0¢

00

00

00

L'0

00
0c0c

{dN2sa1 Y3 01 AI1B1D0S [IAID :€dSS

L'0

00

00

90

00

L'0

6C

00

00
050¢

00

00

00
00

00

00

00

00

00

00
0t0¢

00
00
00
00
00
00
00

00

00

00

00

00

00
0€0¢

00
00
0
90
€le
(43
00
00
00
00
00
00
€0
00
0c0c

eueyo
elquien
3II0A|P
910D
oseq
eupjng

uluag

obo|
QU097
elaIS
|ebauas
eLabIN
196IN
e
elieg
nes
-sig-eauinon
eauino
eueyo
elquen
DIIOA,p
910D

oseq
eunjing

uluag

uoeUIWIRISP-|SS TdSS

SLI0[eD PUE |0J3U0D ‘YseD) :1dSS

§'vd)y 4apun abeasde [ea13d uo abueyd ajew) jo 1edw) 9 ajqel

19



Spatial implications of climate change on land allocation and agricultural production

7’9, €69 L'0- L'0- 9'0¢ 8'C 00 00 8l €V L'0- L'0- L'0- 9'C 6L 00 00 7’0 [ebausg
8L L8 ClL- 8'L- 0 7'C 00 00 € 6'S L'L- L'L- L= 0 € 00 00 9'0 elabIN
0'6C 9'8/ 00 00 8'S 'l 00 00 L'S€E 6'LL 00 00 00 (V4] ol 00 00 €ce 136IN
ool S'6C '0- 7'0- R 60 00 00 7Ll 9'q '0- '0- €0- €S 80 00 00 €€ e
€96- Sv6- 6'€- 00 G'8¢- 00 00 00 00 €96~ SV6- 6'¢- 00 §'8¢- 00 00 00 00 eusqgi
9'09- L'LS- 6C- oLL- vyl- 00 00 00 00 909- L'Ls-  ¢6¢ oLL- ryl- 00 00 00 00 -m_m-mwc_q”dmmw
0'¢6- £€'88- 8'¢- lL- L'Sl- 90 00 00 00 07¢6- €88 8'¢- l- L'Sl- 9'0 00 00 00 eauinn
S'G- LY~ S S'L- 901- 00 00 00 00 [y L'¥- S SL- 9'0lL- 00 00 00 00 eueys
9'L- 00 00 00 0 0 00 00 00 1’0 00 00 00 (4] 0 00 00 00 elquien
€8l- LYL- 6'/- v'ee- 6'LE- 6'C 00 00 00 €8l- [Pl- 6'L- v'ce- 6'LE- 6'C 00 00 00 m‘__w\u,n_hw
oseq
0 L L'0- L'0- S0 €0 00 00 6'C 60 0 L'0- L'0- 90 €0 00 00 €0 eupying
8'19- 9'0S- L'9¢C- 9'G- G'E- L'0 00 00 00 0SS 8vr- L9 9'G- S'E- L'0 00 00 00 ulusg
00le 060¢C 080¢ 0£0¢ 090¢ 0s0¢ 0¥0C 0€0¢C 0coc 00LZ 060C  080C 0£0¢ 090¢ 050¢ (04014 0€0C  0c¢0c
UOIRUIWISIBP-JIDS TdSS S110]eD pUE [043UOD ‘Yse) | dSS
6’844 Japun abeasde |easad uo abueyd azewip jo 1edw| £ 3jqel
L'8¢- SCeE- €le- L0l- 80 1’0 00 00 00 L'8¢- gce- gl L0L- 80 1’0 00 00 00 obo|
00 L'LZ- LS L'61- €6/ 00 00 00 00 00 LLZ- LS L'61- €6.- 00 00 00 00 m.“”uww_w
'0¢ '8l L'0- 6'LL 9¢C 00 00 00 00 t'0¢ 1'0- 1'0- 6'LL 9'C 00 00 00 60- [ebauas
Sl Ll L'L- 70 0'€ 80 00 00 00 Sl L'L- L'1- 7’0 0'€ 80 00 00 L'O- elabIN
1’8 89 00 8t /L8 00 00 00 00 1’8 00 00 8¢ /L8 00 00 00 6'LE 136IN
6'€ '€ 7'0- 0¢ LS 00 00 00 00 6'¢ '0- 7'0- 0'¢ L'S 00 00 00 L€ HE
00 S'v6- 00 00 G'8¢- 00 00 00 00 00 S'v6- 00 00 G'8€- 00 00 00 00 eusqri
9'09- L°LS- 6C oLL-  ¥vl- 00 00 00 00 909 L'Ls-  ¢6C oLL- ryl- 00 00 00 00 -m_m-mwc_ssmwm
00 £'88- €0- l- €L 90 00 00 00 00 £'88- €0- l- €L 90 00 00 00 eauino

20



Spatial implications of climate change on land allocation and agricultural production

'L ! AR §'l SL Pl €l 'L L Tl €l 'l sl gl 'l €l L'l eueyo
z0 0 S0 S0 0 ¥0 €0 €0 z0 90 90 S0 50 0 0 €0 €0 z0 elquien
z0 z0 70 €0 0 S0 90 90 50 To  TO 2O €0 0 50 90 90 G0 DIIOALP 310D
L' €L 8 8L €/ 99 9% LY ve  ¥OoL  S6 88 78 Ll 69 8's 6 6'€  Oseqeupjing
€T €T vz Tt 1'T 6L L1 gl Tl 87 9T ¥t Te L'z 6l Ll Sl €l uluag

00l 060Z 080Z 0L0Z 090z 0S0Z OvOZ  0€0Z  0ZOZ 00LZ 060Z 080T 00 090Z 0SOZ  O¥OT 0€0Z 020

UONRUIWIBIBP-4[3S 1TdSS $3110[e] 73 [0J3UO0D ‘YseD :LdSS
(ey uolfjiw) abueyd arewipd oylm abeaide sjeald) g ajqel
'6s-  §Te-  €le- LOl- T8 I'0 00 00 00 l'6s- STE  €lz-  LO0l- T8 10 00 00 00 oboy
8'8/- 'L~ T8 L6l- €64 00 00 00 00 88/ LlL- T8 L6l- €61 00 00 00 00 2u037 ewdIS
€¥T - L0 6Ll 9T 6L 00 00 00 €vz L0 L0 L'o- 97 6l 00 00 50 [ebauas
6'S - UL t0- z0 € 00 00 00 &S LL-  Ul- L1 z0 € 00 00 90 eLabIN
6Ll 00 00 ge  T/8 oL 00 00 00 611l 00 00 00  T/8 ol 00 00  €€€ 19BIN
96 vo-  ¥0- 0T €5 g0 00 00 00 9§ ¥0 0 €0 €5 g0 00 00 9€ Iew
€96~  S¥6-  6€ 00 S8t 00 00 00 00 €96~ S¥6- 6 00  §8¢- 00 00 00 00 euaqI]

9'09- I'ls-  T6T-  OLl-  Fl- 00 00 00 00 909 U'ls 76T OLl- ¥yl 00 00 00 00 m-mmcwmom

0Z6- €83 8¢ - LSl 90 00 00 00 06~ €88 8¢  Tl- LSl 90 00 00 00 eauno
TS L' S §L- 90l 00 00 00 00 TS It St S 90l 00 00 00 00 eueyo

10 00 00 00 z0 70 00 00 00 I'0 00 00 00 z0 z0 00 00 00 elquen
€8l-  [¥l- 6L YT 6lE- 6 00 00 00 €8l- [¥l- 6L YT 6lE 6T 00 00 00 E_M,A_u\w
ose4

60 zo- Lo z0 90 €0 00 00 00 60 TO L0 L'0- 90 €0 00 00 €0 eunying
v0S-  8¥r-  L9C 95- g€ '0 00 00 00 +0S- S8¥r L9z- 96 g 1'0 00 00 00 ujusg

00l 060 080z  0/0Z 090Z  0SOZ OW0Z 0€0Z  0Z0Z 00LZ 060 080Z 00  090Z  0SOZ  OYOZ 0€0Z  0ZOT

4195IN0A dAES i dSS £9N2sa1 3Y3 01 131005 [IAID) (€SS
l'6s-  STE-  €lT-  LOl- TS 'O 00 00 00 l'6s- STE-  €lz-  LO0l- T8 10 00 00 00 oboy
88/- 'l T8 L6l- €61 00 00 00 00 88/ Ll T8 L6l- €6/ 00 00 00 00 2U0d7 eldIS

21



Spatial implications of climate change on land allocation and agricultural production

60
L'0
ce
A4
(V4
S8
00

€0
cl

[40)
70l
8¢
0oLc

60
L0
80
o€l
L'l
LC
00

L'0

80

6'C
ve
69
08
00

€0
Cl
90
(40
S'6
9¢
060¢C

80
00
8L
oLe
8'¢C
9'q
00

L'0

80
00
LT
L'¥C
89
9L
00

[40)
€l
S0
(40

14
080¢

80
00
0¢
9'¢C
9
€9
00

80
L'0
S'C
ve
L9
L
00

[40)
vl
S0
€0
(4]
(44
020¢C

80
L0
8L
L'TC
L'9
6'S
00

L'0

80
(4
4
9v¢
LL
89
00

[4V
Sl
70
0
L'L
L'c
090¢

80
[40)
9L
L'€C
L9
99
00

L'0

L0
(4]
0¢
6'€C
L8
[4°)
00

[4Y
gL
70
S0

6'L
050¢C

L0
[4(0)
vl
LTC
9
(4]
00

L0

90
L'0
L]
(444
96
1]
00

(40
vl
€0
90
8'S
L'l
(014014

90
L'0
€l
€'le
S9
9Y
00

S0 0
L'0 L0
vl Ll
66l A
€ol L6
9t 8¢
00 00
L0 L0
L'0 L0
€l L'l
€0 (4]
90 S0
6V (0074
Sl €l
0€0cC 0c0c
}|9SINOA 9AEeS 17 dSS
0] 0
L'0 L'0
L'l 60
(4]} 9l
L9 0/
6'¢€ L'€
00 00
L'0 L0
L'0 L0

60
L'0
ce
e
L',
S8
00

€0
cl
90
(40
ol
8¢
0oLe

60
L'0
e
e
L',
S8
00

L'0

80
00
6'C
ve
69
08
00

€0
cl
90
(40
96
9'¢C
060¢C

80
00
6'C
e
69
08
00

80
00
L'C
L'¥¢
89
9L
00

[40)
€l
S0
[40)

14
080¢

80
00
L'C
L'¥¢
89
9L
00

L'0

80
L'0
S'¢
ve
VA
(A
00

[4y
vl
S0
€0
8
(44
0£0¢

80
L'0
q'¢
(a4
L9
L
00

L'0

80
0
14
A4
LL
89
00

(40
gL
70
0
L'L
L'c
090¢

80
[40)
v'e
A4
LL
89
00

L0

L0 90 S0 0
[4V) L'0 L'0 L'0
0¢ Ll vl 60
6'€C (444 66l €91
L8 9'6 €0l 0/
a9 'S 9Y L'
00 00 00 00
L'0 L'0 L'0 L0
(40 [40) L'0 L'0
Sl vl €l L'l
¥'0 €0 €0 (4
0] 90 90 S0
69 8'q 6% 7'e
6'L L] gL cl
0s0¢C 0¥0C 0€0cC 0c0¢
¢{9NDOSaY 9yl O} >uw_UOm [IAID *€dSS
L0 90 0] 0
[4v L'0 L0 L'0
0¢ L'l vl L'l
6'€C e 6’6l 0/l
L8 9'6 €0l L
9 'S R g€
00 00 00 00
L'0 L'0 L'0 L0
(40 [40) L'0 L'0

obo|

U037 kL3I
|ebauas
euabIN
J9BIN

Ilew

euaqr]

nes
-sig-eauino
eauinn
eueyon
elquen
9JI0ALP 910D
ose4 eunjing

ujuag

obo|

2U037 eLIBIS
|ebauas
elabIN
J9BIN

lew

eusqn

nes
-sig-eauino

eauino

22



Spatial implications of climate change on land allocation and agricultural production

VEGETABLE AND FRUIT ACREAGE

1.5.3.

With the exception of Senegal, the production of vegetables and fruits in ECOWAS countries is unlikely

to be affected in either the moderate or severe climate change scenarios, regardless of the prevailing SSP

(see tables 9 and 10).
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1.5.4. 0IL SEEDS ACREAGE

Oil seeds acreage is highly likely to be affected by climate change in both the moderate and severe
climate change scenarios (see tables 12 and 13). Countries such as Benin, Cote d'lvoire, Ghana, Guinea,
Nigeria and Togo will first experience a decrease, then an increase and, finally, a decrease in the acreage
of land allocated to oil seeds production by the end of the twenty-first century. Guinea-Bissau, Liberia
and Sierra Leone will experience an increase in oil seeds acreage. In Burkina Faso, the Gambia, Mali, the
Niger and Senegal, the amount of land allocated to oil seeds production is expected to decline from
2020 until the end of the century. Those trends are expected to be minimally affected by the prevailing
climatic and socioeconomic conditions. Apart from Liberia and Sierra Leone, the change in oil seeds
acreage in ECOWAS countries is expected to be between -73.2 per cent and 61.2 per cent under SSP1,
SSP3 and SSP4, and between -90.2 per cent and 85.4 per cent for SSP2 under RCP4.5. The same pattern
is observed under RCP8.5, except that the acreage of land allocated to oil seeds production is expected
to decline earlier than under RCP4.5. The impacts of climate change also vary across ACZs. For example,
climate change is likely to result in an increase in oil seeds acreage in ACZ 13 (loamy soils) and ACZ
27 (clay soils), and a decrease in oil seeds acreage in ACZ 20 and 22 (loamy soils) under SSP1 in both
moderate and harsh climate change scenarios.
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Spatial implications of climate change on land allocation and agricultural production
1.5.5.  SUGARCANE ACREAGE

As shown in tables 15 and 16, climate change is unlikely to have a significant impact for some years
on sugarcane acreage in most ECOWAS countries. However, from 2070 until the end of the century, a
number of countries, including Guinea, Guinea-Bissau and Sierra Leone are expected to experience a
sharp increase in the acreage of land allocated to sugarcane production. Production is likely to increase
by almost 70 per cent in Guinea-Bissau, for example. However, an increase of less than 10 per cent is
foreseen in Guinea and Sierra Leone. The prevailing climatic and socioeconomic conditions are likely
to have little impact on those trends. However, the RCP4.5 and RCP8.5 climate change scenarios have
different impacts on sugarcane production in Senegal and Nigeria. In Nigeria, for example, the land
acreage allocated to sugarcane production will first increase, then decrease and then increase once again
towards the end of the century under RCP4.5, but will only increase (with no period of decline) under
RCP8.5. Although sugarcane acreage in Senegal will not be affected by climate change under RCP4.5, it
will experience a sharp decrease under RCP8.5, if that scenario is combined with SSP2, with sugarcane
production declining by almost 24 per cent by 2090.
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Spatial implications of climate change on land allocation and agricultural production
1.5.6. COTTON ACREAGE

As shown in tables 18 and 19, climate change will, by the end of the century, cause an increase in cotton
acreage in Benin, Ghana and Togo, cause a U-shaped trend in cotton acreage in Senegal, and an inverted
U-shaped trend in cotton acreage in Guinea and Guinea-Bissau. Cotton acreage in the Gambia is expected
to remain constant. In other countries, the impact of climate change on cotton acreage will depend on
the prevailing climate and socioeconomic scenario. For example, Burkina-Faso will experience an increase
in land allocated to cotton production by the end of the century under RCP4.5, but will experience a
U-shaped trend under RCP8.5, irrespective of the prevailing socioeconomic scenario. The acreage of land
allocated to cotton production in Mali, Niger and Nigeria is expected to remain constant or increase under
RCP4.5, but will exhibit a U-shaped trend under RCP8.5, irrespective of the prevailing socioeconomic
scenario. Cotton acreage is expected to decline only in Senegal under RCP4.5, although several countries,
including Burkina Faso, Mali, the Niger, Nigeria and Senegal are expected to experience a decrease in
cotton acreage under RCP8.5 over the same period. In general, the acreage of land allocated to cotton
production may decline by as much as 20, 65 and 28 per cent for SSP1, SSP2 and SSP3, respectively, under
RCP4.5, while it may decline by as much as 48, 65 and 48 per cent for SSP1, SSP2 and SSP3, respectively,
under RCP8.5. Cotton acreage in all ECOWAS countries is expected to increase or reach a steady state by
the end of the century, irrespective of the prevailing climatic and socioeconomic scenario.

The acreage of land under cotton cultivation is also expected to vary across ACZs in the different climatic
and socioeconomic scenarios. It is expected to decrease in certain ACZs; in ACZ 17 (sandy soils) and ACZ
28 (loamy soils), for example, acreage is expected to decline by approximately 47 per cent by 2020 under
RCP8.5 and SSP1.
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COCOA, COFFEE AND SESAME ACREAGE

1.5.7.

Tables 21 and 22 show that neither moderate nor harsh climate change is expected to affect the acreage
of land allocated to cocoa, coffee and sesame production, irrespective of the prevailing socioeconomic

scenario.
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Spatial implications of climate change on land allocation and agricultural production

1.6. CLIMATE CHANGE IMPLICATIONS FOR CROP PRODUCTION

Except for rice, sugarcane and cotton, the crop production data, which refer to a group of crops, can
function as an indicator of production.

1.6.1. PADDY RICE PRODUCTION

Except for the Niger and Senegal, paddy rice production is expected to decrease in most years in all
ECOWAS countries, irrespective of the prevailing climatic and socioeconomic scenario (see tables 24 and
25). The predicted decreases are between 5 and 60 per cent and average 11 per cent under RCP4.5, and
are between 2 and 40 per cent and average 8 per cent under RCP8.5. However, paddy rice production is
expected to increase in both the Niger and Senegal in almost every year of the study period, irrespective
of the prevailing climatic and socioeconomic scenario. The increase each year will largely depend on the
prevailing climatic and socioeconomic scenarios.

The impact of climate change on paddy rice acreage is relatively consistent across ACZs. For example,
ACZs 3 and 6 will experience an increase in paddy rice production between 2045 and 2060 in loamy soils
under both moderate and harsh climate change if this occurs in tandem with the SSP1 scenario.
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Spatial implications of climate change on land allocation and agricultural production
1.6.2.  MAIZE, SORGHUM AND MILLET PRODUCTION

Tables 27 and 28 show that climate change will negatively affect the production of maize, sorghum, and
millet in all climatic and socioeconomic scenarios. Cereal production will decrease by between 0.3 and
95.8 per cent, with an average decline under RCP4.5 of 19.5, 20.1, 19.5 and 19.4 per cent in SSP1, SSP2,
SSP3 and SSP4, respectively, while it will decrease by between 0.2 and 96.9 percent, with an average
decline of 22.9, 23.0, 22.6, and 22.2 per cent under RCP8.5 in SSP1, SSP2, SSP3 and SSP4, respectively.
However, climate change is likely to boost cereal production in some ECOWAS countries. For example,
maize, sorghum and millet production in the Niger and Senegal is forecast to increase between 2020
and 2060 under RCP8.5, irrespective of which socioeconomic scenario becomes prevalent. During the
first half of the century, Cote d'lvoire, Guinea, Liberia and Sierra Leone are likely to experience a steeper
decline in cereal production under RCP8.5 than under RCP4.5, while other countries are more negatively
affected under RCP4.5 than under RCP8.5 After the mid-century, however, all countries are forecast to be
less negatively affected under RCP4.5.

The impact of climate change on cereal production also varies across ACZs. Under SSP1, the production
of maize, sorghum and millet will increase as a result of moderate climate change on loamy soils in ACZ
15 between 2020 and 2050 and in ACZ 22 between 2050 and 2060, with an estimated increase of some
743 per cent by 2060. Furthermore, an estimated increase in maize, sorghum and millet production of
approximately 731 per cent is forecast between 2050 and 2065 for sandy soils in ACZ 30 under RCP8.5
and SSP1.
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Spatial implications of climate change on land allocation and agricultural production
1.6.3. PRODUCTION OF FRUITS AND VEGETABLES

Table 30 shows that the production of vegetables and fruits is expected to increase in all ECOWAS
countries, with the exception of the Gambia, the Niger and Senegal, under the moderate climate change
scenario, irrespective of the prevailing socioeconomic scenario. The expected increase in production
ranges from 1.8 to 75.2 per cent, with an average of 26.0 per cent. Under RCP4.5, the production of
vegetable and fruit in the Gambia, the Niger and Senegal decreases until 2060 or 2070, and will then
increase until the end of the century. In those countries, the decline in vegetable and fruit production
is predicted to be between 0.8 and 21.6 per cent, with an average decline of 6.4 percent, irrespective of
the prevailing socioeconomic scenario. Similar trends occur under the harsh climate change scenario,
but more countries will experience a decrease in their production of vegetables and fruits under that
scenario. Benin, Burkina Faso, Mali, the Niger, Nigeria, Senegal and Togo will first experience a decrease in
vegetable and fruit production of between 0.1 and 10.8 per cent, with an average of 3.8 per cent, and will
then experience an increase in production of between 0.5 and 67.7 per cent, with an average increase of
29.9 per cent, until the end of the century, irrespective of the prevailing socioeconomic scenario. Other
countries, including Coéte d'lvoire, Ghana, Guinea, Guinea-Bissau, Liberia and Sierra Leone will experience
an increase in vegetable and fruits production of between 1.4 and 81.2 percent, with an average increase
of 34.2 per cent, irrespective of the prevailing socioeconomic scenario.

The effect of climate change on vegetable and fruit production also varies across ACZs, and certain ACZs
are expected to experience a decline in vegetable and fruit production under both moderate and harsh
climate change scenarios. For example, ACZs 17, 19, and 20 are predicted to experience a decrease in
vegetable and fruit production from 2020 to 2030 under SSP1 for both sandy and loamy sails.
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1.6.4. OIL SEEDS PRODUCTION

Both moderate and harsh climate change are expected to impede oil seeds productionin all the countries
for at least a number of years (see tables 23 and 24). Under the moderate climate change scenario,
Burkina Faso, the Gambia, Mali, Nigeria and Senegal will experience a decrease in oil seeds production
throughout the study period of between 3.5 and 81.6 per cent under SSP1, SSP3 and SSP4, with an
average decrease of 18.7, 19.6 and 20.3 per cent, respectively, and between 2.9 and 92.6 per cent, with
an average decrease of 24.6 per cent under SSP2. For those countries, a similar trend is observed under
the harsh climate change scenario, but the expected decline would be between 0.7 and 81.7 per cent,
with an average decline of approximately 22.5 percent for SSP1, SSP3 and SSP4, and between 0.7 and 92.9
per cent, with an average decline of 31.2 per cent for SSP2 under that climate change scenario. Qil seeds
production in other countries, including Benin, Cote d'Ivoire, Ghana, Guinea, Guinea-Bissau, Liberia, Sierra
Leone and Togo is expected to exhibit a U-shaped trend under the moderate climate change scenario,
irrespective of the prevailing socioeconomic scenario; those countries will first experience a decrease
in oil seeds production of between 0.5 and 39.2 per cent, with an average decrease of 7.6 per cent, and
then an increase of between 1.4 and 82.3 per cent, with an average increase of 25.4 percent, with the
exception of Liberia and Sierra Leone, which will experience an increase of more than 100 percent. The
production of oil seeds in Benin, Cote d'lvoire, Ghana, Guinea, Guinea-Bissau and Togo is predicted to
fluctuate between -38.1 per cent and 49.7 per cent, with an average of 0.73 per cent, under SSP1, SSP3
and SSP4, and between -38.1 per cent and 50.5 per cent, with an average of 0.75 per cent under SSP2
under the harsh climate change scenario.

The moderate and harsh climate change scenarios are also expected to have different impacts at the
ACZ level. For example, oil seeds production rises at an exponential rate on clay soils in ACZ 27 under
SSP1 from 2055 until the end of the century under RCP4.5, and until 2095 under RCP8.5, with a predicted
increase of 1765.81 and 1791.17 per cent under RCP4.5 and RCP8.5, respectively.
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Spatial implications of climate change on land allocation and agricultural production
1.6.5.  SUGARCANE PRODUCTION

Tables 36 and 37 show that sugarcane production increases in most of years under both moderate and
harsh climate change scenarios in all ECOWAS countries with the exception of Liberia and Sierra Leone,
irrespective of the prevailing socioeconomic scenario. Except for Guinea-Bissau, Liberia, Nigeria, Siera
Leone, the expected increase in sugarcane production ranges between 0.5 and 78.7 percent with an
average increase of 22.8 per cent under RCP4.5, and between 1.3 and 64.2 per cent, with an average
increase of 26.4 per cent under SSP1, SSP3 and SSP44, and an average of 27.0 per cent under SSP2 under
RCP8.5. The predicted increase in sugarcane production in Guinea-Bissau and Nigeria exceeds 100
per cent in certain years under certain climatic and socioeconomic scenarios. Liberia and Sierra Leone
will experience a decrease in sugarcane production until 2060, and thereafter sugarcane production
will increase until 2095 under both moderate and harsh climate change, irrespective of the prevailing
socioeconomic scenario. A U-shaped trend, with the change in sugarcane production ranging between
-17.1 per cent and 31.1 per cent is expected under the moderate climate change scenario, and between
-13.4 per cent and 23.2 per cent under the harsh climate change scenario.

The impact of climate change on sugarcane production remains consistent across ACZs. For example, on

loamy soils in ACZ 9, sugarcane production will decrease in almost all years under both moderate and
harsh climate change when this occurs in tandem with the SSP1 scenario.
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1.6.6. COTTON PRODUCTION

Tables 39 and 40 show that cotton production will decrease in almost all ECOWAS countries between
2050 and 2060, irrespective of the prevailing socioeconomic scenario. This decrease in cotton production
is predicted to be between 1.3 and 17.4 per cent, with an average of 7.2 per cent, for SSP1, SSP3 and SSP4,
and an average of 6.2 per cent for SSP2 under RCP4.5, and between 0.1 and 13.9 per cent, with an average
of 6.0 per cent, for SSP1, SSP3 and SSP4, and an average of 5.3 per cent for SSP2 under RCP8.5. Cotton
production decreases in Burkina Faso, Mali, the Niger, and Senegal from 2020 to 2060, irrespective of the
prevailing climatic and socioeconomic scenario. That decrease in cotton production is expected to be
between 1.3 and 26.1 per cent for SSP1, between 1.6 and 67.7 per cent for SSP2, between 1.3 and 29.1 per
cent for SSP3, and between 1.3 and 21.0 per cent for SSP4 under RCP4.5, while the decrease is expected
to be between 3.4 and 55.9 per cent for SSP1, between 4.3 and 68.7 per cent for SSP2, between 3.4 and
55.9 per cent for SSP3 and between 3.4 and 17.4 per cent for SSP4 under RCP8.5. Under certain climatic
and socioeconomic scenarios, cotton production is expected to decrease in Senegal and the Niger until
the end of the century. All other countries will experience an increase in cotton production either before
2040 or by the end of the century, depending on the prevailing climatic and socio-economic scenarios
in those countries.

The impact of climate change on cotton production also varies across ACZs. For example, a decrease in
cotton production is foreseen in both loamy and sandy soils in ACZ 17 from 2020 until the end of the
century under both the moderate and harsh climate change scenarios coupled with SSP1.
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Spatial implications of climate change on land allocation and agricultural production
1.6.7. COCOA, COFFEE AND SESAME PRODUCTION

Table 42 shows that cocoa, coffee and sesame production is expected to decrease in ECOWAS countries
in all years except 2050 and 2060 under the moderate climate change scenario, irrespective of the
prevailing socioeconomic scenario. The decrease in production is expected to be between 1 and 21.2
per cent, with an average of 7.37 per cent. Cocoa, coffee and sesame production in ECOWAS countries,
with the exception of Guinea, Liberia, Sierra Leone and Togo, is expected to increase in 2050 and 2060 by
between 2 and 8.1 per cent, with an average increase of 4.5 per cent, under the moderate climate change
scenario, irrespective of the prevailing socioeconomic scenario. Under the harsh climate change scenario,
however, cocoa, coffee and sesame production will almost certainly decline in all ECOWAS countries
from 2020 onwards, irrespective of the prevailing socioeconomic scenario. The impact of climate change
on cocog, coffee and sesame production also varies across ACZs. For example, cocoa, coffee, and sesame
production is expected to increase in clay soils in ACZ 22, and sandy soils in ACZ 33 under both moderate
and harsh climate change scenarios coupled with SSP1 from 2050 to 2065. Overall, the impact of climate
change varies across countries and geographic units as predicted by previous studies (Mendelsohn and
others, 2006; Seo and others, 2009; Medellin-Azuara and others, 2011).
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4.CONCLUSION

The present working paper considers the implications of climate change in terms of land allocation
and crop production across ECOWAS countries using data obtained from an ACSZ-based bioeconomic
model. The data obtained from that model strongly suggest that future climatic and socioeconomic
scenarios will have a significant impact on the acreage of various crops grown in the ECOWAS region, and
that production may rise in certain scenarios and may fall in others. However, the production of paddy
rice, maize, sorghum, millet, oil seeds, cocoa, coffee, and sesame will probably decline as a result of both
moderate and harsh climate change in most cases. The study underscores the fact that crop acreage and
production in ECOWAS countries are particularly sensitive to climate change. Climate change will lead to
a shift in land used for agricultural production within and among countries as farmers seek to maximize
profits and realize the full potential of their agricultural activities. A structural transformation will inevitably
take place in the agricultural sector in order to offset the negative impact of climate change and improve
the lives of the population. The impact of climate change will, moreover, vary across countries and ACZs.

Although this paper does not look at possible adaptation strategies to mitigate the impact of climate
change, it is clear that international and collective action to reduce GHG emissions is urgently needed,
as are effective climate change adaptation strategies to improve the livelihoods of people in West Africa.
Our modeling approach does not account for water scarcity as well as supply-induced price changes due
to climate change. It is possible that incorporating those factors into the study would have modified the
results of the study. The impact of those factors on crop acreage and production will be investigated in
future research projects.
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