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Climate change is one of the most serious threats to food security in the
future. Indeed, agriculture in developing countries is predicted to be
seriously impacted by climate change, and the magnitude and the direction of
the impacts vary across countries. This paper takes advantage of agro-
climatic zones to investigate the impacts of climate change on land allocation
and crop production in the Economic Community of West African States
(ECOWAS). A regional mathematical programming model is used to
simulate the implications of climate change on crop acreage and crop
production following two Representative Concentration Pathways and four
prevailing socio-economic conditions. The findings suggest that acreage will
be lower, higher, or remain the same depending on the crops and the future
conditions (combinations of climate and socio-economic scenarios). In terms
of crop production, results showed that paddy rice, maize, sorghum, millet,
oilseeds, cocoa, coffee, and sesame production experience a decline under
both moderate and harsh climate change in most cases. The magnitude and
the direction of the impacts vary across geographical units. The findings of
this study advocate for international action in terms of reducing the emission
of greenhouse gases (GHG) in developing countries. Moreover, it is urgent
to develop adequate adaptation strategies to offset the negative impacts of

climate change.

Keywords: Agricultural Production, Agro-climatic Zones, Bioeconomic

Model, Climate Change, Land Allocation
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Introduction
Climate change (CC) is one of the serious threats recognized to hamper the

ability of food supply systems to meet growing demand globally and
especially in sub-Saharan Africa (SSA) (Parry et al., 2004; von Lampe et al.,
2014; Leclere et al., 2014). Climate change adds further pressure to the
existing daunting challenges such as extreme poverty and hunger (Nelson et
al., 2010). Indeed, climate change is expected to hamper food production in
the future, and by the same token, may influence the achievement of the
Sustainable Development Goals (SDGSs). It is recognized as being already
reducing the productivity of major crops, and will greatly affect agricultural
supply (Gornall et al., 2010; Roudier et al., 2011; Di Falco et al., 2012;
Challinor et al., 2014; Rosenzweig et al., 2014; Leclére et al., 2014; IPCC,
2014a,b).

Agriculture in developing countries, which is mainly rain-fed, is predicted to
be seriously impacted by climate change (Tol, 2002; Fischer et al., 2005;
Mendelsohn et al., 2006). Unlike the net revenue from African crops that
was predicted to likely fall with warming, the net revenue from African
livestock was predicted to increase in many situations (Seo & Mendelsohn,
2008a, b; Seo et al., 2009). Moreover, CC, is expected to provide
opportunities for improvements in certain aspects of farming systems
(Gornall et al., 2010). According to Seo (2013), it is possible for farmers to
be prepared for CC, but there is little effort on their part to cushion the
effects of weather shocks. Therefore, it is necessary to identify the most
relevant adaptation strategies to help farmers adapt to climate shocks.

However, to identify the appropriate adaptation strategies there is a need to

1



first evaluate the magnitude of climate change threats. There is a variety of
economic models that have been developed to investigate the effects of CC
on agricultural production. These models span from large-scale (Butt et al.,
2005; Medellin-Azuara et al., 2011; Leclére et al., 2014) to small-scale bio-
economic models (Pinky & Rayhan, 2013, Lokonon et al., 2015). In addition
to impact evaluation, bio-economic models are used for policy simulations
such as agricultural and adaptation policy simulations (Barbier & Bergeron,
1999; Judez et al., 2001; Bartolini et al., 2007; Cortignani & Severini, 2009;
Louhichi et al., 2010a; Janssen et al., 2010; Sanfo & Gérard, 2012; Louhichi
& y Paloma, 2014) and environmental policy simulations (Dolisca et al.,
2008; Hellwinckel et al., 2010; Janssen et al., 2010; Louhichi et al., 2010b;
Belhouchette et al., 2011; Egbendewe-Mondzozo et al., 2011; Bamiere et al.,
2011, Egbendewe-Mondzozo et al., 2013; Chen et al., 2014; Egbendewe-
Mondzozo et al., 2015).

Although earlier studies provide useful measures of the impact of climate
change on agriculture at either a continental or national scale in Africa, there
remains a question of how these effects vary across the landscapes (Seo et
al., 2009). The effects of climate change will differ across agro-ecological
(AEZs) and agro-climatic zones (ACZs) in Africa (Seo et al., 2009; van Wart
et al., 2013). The Food and Agriculture Organization (FAO) of the United
Nations define AEZs as geographic units having similar climate and soils for
agriculture, and ACZs as divisions of a region based on homogeneity in
weather variables that have the greatest influence on crop growth and yield
(van Wart et al., 2013). In other words, while AEZs help broadly define
environments where specific agricultural systems may thrive, and ACZs seek

to more adequately distinguish between the diversity of practices for similar
2



agricultural systems within the larger agro-ecological zones, primarily in
terms of different climates (van Wart et al., 2013). Given that soil
characteristics are also important determinants of agricultural systems, an
agro-climatic and soil zone (ACSZ), which contract similar agricultural
systems within the large agro-climatic zones, primarily in terms of different
soils, represents an appropriate geographical unit to upscale, within time and

space, existing or new farming methods based on crop yields.

This paper aims to shed light on the implications of climate change in terms
of land allocation and crop production across ECOWAS countries through a
bio-economic model built from ACSZs. Specifically, the following research
questions are addressed:

e What are the spatial implications of climate change on crop land
allocation in ECOWAS countries?
e To what extent will crop production be affected by CC across these
countries?
The paper is innovative as it incorporates both socio-economic and climate
scenarios into a regional bio-economic model with a detailed time-space
dimension of climate and soil in West Africa where there is good quality
data. Therefore, it is possible to compare various geographic units in West
Africa in terms of land allocations and agricultural production under

different socio-economic and climate scenarios.

The remainder of the paper is organized as follows: section 2 describes the
main components of the bio-economic model and the main results are
presented in section 3. The paper concludes with a discussion of key
findings, policy implications as well as implications for future research.
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Materials and methods

Study area
The study was carried in the ECOWAS region of West Africa (



Figure 1. Maps of ACZs and soils types in ECOWAS countries). The region
includes 15 countries, namely Republic of Benin, Burkina Faso, Cape Verde, Cote
d’Ivoire, The Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Niger,
Nigeria, Senegal, Sierra Leone, and Togo. The ECOWAS region covers 5.1 million
square kilometres of land area, and its population in 2014 was estimated to be about
339,860,900 million. Agriculture is the major source of livelihood in these
countries, and it employs 60 percent of the labour force; it contributes only 35
percent to the Gross Domestic Product (GDP) (Jalloh et al., 2013). Farmers in
ECOWAS member countries produce mainly for subsistence due to poverty and
they face numerous constraints such as changing climate, soil acidity, and nutrient
depletion and soil degradation which negatively affect agricultural development in
the region (Jalloh et al., 2013). The main food crops grown and consumed in the
ECOWAS member countries are: cereals (maize, sorghum, millet, and rice), roots
and tubers (cassava, sweet potatoes, and yams), and legumes (cowpeas and
groundnuts), while the major cash crops are cocoa, coffee, and cotton (Jalloh et al.,
2013). The region is divided into 39 ACZs (Sebastian, 2014). The major soil types

are (



Figure 1. Maps of ACZs and soils types in ECOWAS countries).



Figure 1. Maps of ACZs and soils types in ECOWAS countries.

Agro-climatic zones Main soil types
Source: van Wart et al. (2013) Source: FAO (2015a)
Model

This research uses a bioeconomic model with a representative risk-neutral
and profit maximization economic agent. The model integrates biophysical-
geographic information system (GIS) in a regional economic mathematical
programming model (hereafter ECOLAND). ECOLAND is built from
previous regional bio-economic models in a multi-product partial
equilibrium framework (McCarl & Spreen, 1980; Chang, 2002; Spreen,
2006). For example, the Agricultural Sector Model (AMS) which is a spatial
mathematical programming model for the United States (U.S.) agricultural
sector, was used to simulate market equilibrium effects for resources (land,
water and labor) and commodities (domestic use, imports and exports of
primary and secondary or processed items) (Attwood et al., 2000; Chang et
al., 1992). The Taiwan Agricultural Sector Model (TASM) which is a price-

endogenous spatial equilibrium model, was used to assess the impact of crop
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yield changes on Taiwan regional production, land use, welfare distribution,
as well as the potentials for Taiwan agriculture to adapt to climate change
(Chang, 2002). Howitt et al. (2009) used the Statewide Agricultural
Production Model (SWAP), a price-endogenous optimization model
calibrated with the Positive Mathematical Programming (PMP) approach, to
estimate revenue impacts of climate change in California. ECOLAND is a
strictly supply-oriented model which considers climate and atmosphere
factors such as temperature, precipitation, and CO> as well as non-climate
factors such as soil fertility, demography and output prices as exogenous
variables (Figure 2. Conceptual framework of the ECOLAND). Indeed,
ECOLAND does not consider the relationship between price responses and
induced supply changes. Crop yields are supplied to the bio-economic model
by an econometric crop simulator component. The GIS component supplies
parameters relative to the ACSZs such as croplands and livestock lands. The
economic mathematical programming model is a spatial optimization model

which uses crop yields and lands from the first two components.



Figure 2. Conceptual framework of the ECOLAND.

Climate and Atmosphere
Temperature
Precipitation
Carbon dioxide
Ozone
Agricultural Land

Crops Food Production
Non Climate Factors Livestock
Soil fertility A Fish
Water availability
Fertilizer
Demography
Economics
Sortio-politics

Source: UNU-INRA (2014)

Crop yield model
Crop vyields are generated using climate change outputs from two

Representative Concentration Pathways (RCPs). Following Chang (2002),
this study adopts a multi-regression approach for crop yield generation.
Average crop Yyields from the 39 ACZs and for the three types of soils in
ECOWAS region for the year 2004 were used in the econometric
regressions. The econometric approach is adopted due to the interest of this
paper, which is to estimate the values of the crop yields based only on
changes in environmental conditions such as climate. The model do not
account for crop rotation and other management practices that may improve
or deteriorate environmental conditions such soil nutrient content This study
assumes that crop yields are dependent only on climate and soil conditions,



and CO2 concentration in the atmosphere.! Indeed, agriculture is mainly rain-
fed in ECOWAS countries, and the use of technologies and fertilizers is not
widespread. However, after estimating crop yields variation may arise
depending on environmental conditions, hence, in the study, we adjusted the
result to account for technological change effects. The model in its general

form is presented as follows:

s

iy H .E.' -
Y, = Z,,C028 (11980, T3 ) (112500 P27 ) (T3 ST (1)
Or in logarithmic terms:

log(Yy) = log(Z;) + E_?chqg)-ajloﬁ(ﬂjr} + E_?fwg)-ﬁjlogfpijr} + Ei:ﬂ"k log(S;x) + 8log(C02,)
)

where i and t are respectively the agro-climatic and soil zones index and

time index, Z;. is the technological progress, T;; is the monthly main

temperature, P... is the monthly main precipitation, 5, is the soil

Ejt
characteristics, and £02, is the CO2 concentration in the atmosphere at time

t.

The dynamic of the technological progress? is given by

&0
log(Z,,) = 0.06 % (=) +098 *log(Z,,_)) + Uy ; Zio =1 3)

"It is worth noting that as this study does not follow the duality approach (Segerson &
Dixon, 1999), prices are not included in the model.

2 The idea behind the technological progress is yield can increase by 1% each year. To avoid
non-stationary process, technological change is captured by equation 3.
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Where U, is a white noise with a truncated normal distribution

X(0,0.005, [0,+00[).3

GIS component of the bio-economic model
GIS is used to design a consolidated map of ACZs, soils, land uses,

countries, river basins, and river sub-basins. Agricultural production
decisions take place at the ACZ level. However, country-level, basin-level
and sub-basin level information in regards to their share of ACZs are
necessary to aggregate agricultural land allocation and agricultural
production at country, sub-basin and basin levels. Due to technical
constraints, we consider only five of the major basins which are in
ECOWAS namely Niger basin, Volta basin, Gambia basin, Senegal basin,
and Lake Chad basin*. ACZs’ crop and livestock land information were
obtained from the land use map (Sebastian, 2014; FAO, 2015a; van Wart, et
al., 2013) to compute land shares, which are used as aggregation coefficient

for the modeling outputs.

Economic mathematical programming model
We consider 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 yam), oil seeds (beans, cashew nuts, cowpeas,

3 Refer to Atewamba (in press) for details on crop yields simulations.
4 The results of the basins and sub-basins are not reported. However, these results are
available upon request.
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groundnuts, and soybeans), sugarcane, cotton and other crops (cocoa, coffee,
and sesame), as in the Global Trade Analysis Project (GTAP) classification
of crops. The livestock types were cattle, sheep, chicken and others. The
empirical model is built on the assumption that farmers have to select
portfolio of the seven cropping systems and the four livestock types by
allocating land, labor, and financial resources to maximize the discounted
farm profit for each ACZ. The mathematical programming model is

expressed as:

—0.03ey T . .
Max Loy [e ¥ {EEE?, Ek[sha'rekx * xliver, .. * lpncekmt)_) +

XCTOPg ¢ 5y xliVETEy pytlaby om oy
PN D [:shm"ekx syield, . .. * XCTop, ., * pricemx}.) -

Etm Ez[[fwagez,rmry = famlabz,tm,ry + tWage, o ey * ﬂabz,tm,ty}-”’dpm) -

2. 2. ((rations, ., + vetpr, ,,)) xliver, , .,) = 5. Z. Z.(pcost, ooy * xcrop.0zy) =

X T2, {[xcropmmjt}_ + lio,, * 1000 * xliver&m}_) ® landcost”}_))]

4)
Subject to
X XCrop, ..., = 1000 = landc, _,,
®)
X, lio,, = xliver, ., * 1000 < 1000 = landl__,,
(6)
Z. Ec[:labormm ® xcropmm,t)_) + Er[llabtmm ® xliverzmt}_) = famlab_,, . +tlab_. ..
(7

. 2. [pcostmﬂ. = XCTOp, . }”}.) + E,.[rations”x}. + vemr,Jt}.) = xliver,, .. +
Etm [:magez,rm,r}' * tiabz,rm,r)')“rdpm + Ec Es Er[:xwopz,c,s,ry + iiﬂs,r =1000 =

) * landcost

sty = webar,

xliver ety

LY

(8)
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The sets, parameters, and variables used in the model are defined in Table 1.

The objective function (4) contains six expressions. The first expression
(Zr}_[e—u.ua (X, X, L (share,  * xliver,, .. * lpricekJrJr}.))]) is the total

discounted livestock revenue®. The second expression

(

—I}.I}Er}'[ [ - . . . ))]
Er}. [e 2ol 2y 2| share, _ = yield, ety FXCTOP oo * PTiCE, .

) represents the total discounted crop production revenue from all crops and
groups of crops. The third expression
(Er}-[e_D'DE i [Erm Ez[[fwages,rm,r}- * fﬂmlabz,rm,r}- + twage, ., . * tlabg’m’r)_)fdpm))])

is the total discounted labor costs. The fourth expression
.y [ o —0-03ty (ZrEz {[rationsmm}. + vetpr”}.) * xiiverzmt}_))])

represent the overall discounted livestock feeding and veterinary services

costs. The fifth expression
. [e ®B3 (X 2 E.(p coSt, .. * xcroszerJ.))]) is the overall
discounted technology costs. The sixth expression
(@, [0 (2. 2., %, ((xerop, sy +lio,, = 1000 = xliver, , )  landcost, , ) ) )
represents the total discounted land cost. Equation (5) is the expression of

cropland resource constraints. Equation (6) represents livestock land

resource constraints.

5 All animals produced are not supposed to be sold. The expression enables just to account
for the total livestock revenue in the objective function.
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Table 1. Model sets, parameters, and variables definitions.

Sets, parameters,

and variables

Definition

Sets

c
r

S
km
tm

ty

z

k

b
Parameters
landc; ¢y

landl, , .,

rations; .y
liog,
labor, i

Haby -
price;, coy
i eldz_[._g_r}.
prost; cty

fwag €z itm.ty
twage .ty

faml ubx_m_r}.
Ipricek_,._u.

vetpf',._r}.

landcost, .,
webar, ¢,
sharey ;
dpm
Variables
XCTOPrcory

Set of seven crops and groups of crops studied in the model
Set of four livestock types studied in the model

Set of three soil types

Set of four technologies used in crop production

Set of 12 months of the year

Set of 5-year periods from 2010 to 2100 with 2004 as baseline
Set of 39 agro-climatic zones

Set of 14 countries included in the analyses

Set of five basins included in the analyses

Crop land per ACZ, soil type, and per period (1000 ha)
Livestock land per ACZ, soil type, and per period (1000 ha)

Livestock ration feeding per ACZ, livestock type, and per period
(1000 USD)

Land requirement per livestock type, and per soil type (1000 ha per
head)

Labor requirement per crop and group of crops type, and per month
(man-days)

Labor requirement per livestock type, and per month (man-days)

Crop prices per country, and per period (1000 USD per ton)

Yield of crop ¢ per ACZ, per soil type, and per period (ton/ha)
Technology costs of crop &, per ACZ, and per period (1000 USD)

Family reservation wage per ACZ, month, and period (1000 USD per
man-day)
Hired labor wage per ACZ, month, and period (1000 USD per man-

day)
Family labor per ACZ, month, and period (man-days)

Livestock prices per country, and per period (1000 USD per head)

Cost of veterinary services per livestock type, and per period (1000
uUsD)
Land costs per ACZ, and per period (1000 USD)

Working capital per ACZ, and per period (1000 USD)
Crop land share of ACZs within countries
Number of working days per month

Quantity of land in each ACZ allocated to crop or groups of crops ¢,
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per soil type, and per period (ha)

xlivery, ., Number of animals produced in each ACZ, per livestock type, and per
period (head)
tlab; ey Hired labor to complement family labor per month, and per period in

each ACZ (man-days)

Labor resource constraints are accounted by equation (7), and equation (8)

accounts for financial resource constraints.

Parameterization of the model
The parameters used in the bio-economic model are from several sources and

these are: crop land, livestock land, livestock ration feeding, land
requirement per livestock land requirement, crop labor requirement,
livestock labor requirement, crop prices, crop Yyields, technology costs,
family reservation wage, hired labor wage, family labor, livestock prices,
cost of veterinary services, land costs, working capital requirements, crop
land share, and number monthly working days. In addition to crop yields, an
intensive desk-survey was used to collect data on the remaining socio-
economic parameters required to perform the optimization. Indeed, many
socio-economic parameters used in the modeling are from previously
published studies (e.g., Louhichi et al., 2013; Louhichi & Paloma, 2014;
Lokonon et al., 2015; Yilma, 2006; Kutcher & Scandizzo, 1981; Paloma et
al., 2012). Other socio-economic parameters collected were from the World
Development Indicators (WDI) (World Bank, 2015) and from the FAO
database (FAO, 2015b). Many socio-economic parameters are projected
from 2010 to 2100.

This work relies on four socio-economic scenarios to capture our uncertainty
about future economic prospects of the region (Palazzo et al., 2014).

Scenarios are not projections, predictions, or forecasts; rather they describe
15



potential future conditions and how they came about (Wilkinson & Eidinow,
2008). Two axes of uncertainty have structured the socio-economic
scenarios: (i)- short-term or long-term priorities dominate in regional
governance and (ii) the state or non-state actors are the driving force of
change in the region, though many other drivers play a key role in the
scenario pathways (Palazzo et al.,, 2014). These other drivers (e.g.,
population, GDP, political stability) are assumed to occur in each socio-
economic scenario to allow for comparisons to be made between them
(Palazzo et al., 2014). This paper uses the following four socio-economic
scenarios (or Shared Socio-economic Pathways-SSPs) and was developed by
Palazzo et al. (2014):

v" Cash, Control, and Calories: This scenario is about short-term
priorities with state actors as the dominant force in West Africa
(SSP1);

v" Self-Determination: In this scenario, state actors are dominant and
long-term priorities prevail in West Africa (SSP2);

v" Civil Society to the Rescue?: In this scenario, non-state actors are
dominant and long-term issues have priority (SSP3);

v" Save Yourself: In this scenario, non-state actors are the driving force

and short-term priorities dominate in West Africa (SSP4).

These four SSPs were used to project the various dynamics of socio-
economic parameters of the model. 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) SSP1: 6% for WAEMU
16



countries and 12% for non WAEMU countries, (ii) SSP2: 2% for WAEMU
countries and 8% for non WAEMU countries, (iii) SSP3: 4% for WAEMU
countries and 10% for non-WAEMU countries, (iv) SSP4: 8% for WAEMU
countries and 15% for non-WAEMU countries.

Climate scenarios used in this study were after Sylla, (2015) and was used to
project future crop yields. Climate scenarios were based on a Regional
Climate Model (RCM). A good representative of Coupled Model Inter-
comparison Project, Phase 5 (CMIP5) models were selected and were
dynamically downscaled using a good performing high resolution Regional
Climate Model (RCM) over the West African region for two core
Intergovernmental Panel on Climate Change (IPCC) RCPs, namely RCP4.5
which is a mid-level future greenhouse gas (GHG) forcing and RCP8.5
which is a higher level GHG forcing (Sylla, 2015). Figure 3 reports the
concentration of the main GHGs in the atmosphere with respect to the RCPs
from 2000 to 2100. Climate projections are mainly relative to precipitations

and near surface temperature as well as evapotranspiration.
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Figure 3. The Intergovernmental Panel on Climate Change (IPCC) Representative

Concentration Pathways with the concentration of the main Greenhouse Gases

(GHG) up to 2100
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Source: Sylla (2015)

Bioeconomic model calibration
First of all, the economic-mathematical programming model was calibrated

before being used for climate change impact simulation. The model
calibration adopted consists of reproducing observed data for the baseline
year of 2004. This means reproducing or obtaining the close value of
observed land allocation for various crops per land use in 2004. For the
calibration, we rely on the traditional PMP approach (Howitt, 1995), which
is intensively used in the literature (e.g., Egbendewe-Mondzozo et al., 2015;
Egbendewe-Mondzozo et al., 2011; Heckelei et al., 2012). PMP is more
popular used regarding regional bio-economic models (Howitt, 1995; Rohm
& Dabbert, 2003). A strength of PMP calibration approach is that the
model’s solution is closer to observed reality (Kanellopoulos et al., 2010).
The usual three steps of the PMP approach are followed during the
calibration procedure (Howitt, 1995; Kanellopoulos et al., 2010). Firstly, a
raw linear programming model is run to understand the model behavior
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without calibration. We found that only vegetable and fruits (bananas,
cassava, plantains, potatoes, sweet potatoes, and yam) are grown in all
ACZs. Secondly, we rerun the simulation model, in which land use is
constrained by the observed countries cropland for the years 2004 in order to
replicate the observed crop land for this years at the country level. Finally,
the shadow prices from the second step were used to calculate the
coefficients of the marginal yield functions, which are then used to calibrate
the model as a nonlinear quadratic optimization model under the assumption
of a decreasing linear marginal yield. Following this calibration procedure,
the model is able to predict cropland allocation at country level for the year
2004 with an average percentage deviation of 13.9%, which is within the
acceptable range in modeling farmer behavior (Hazell & Norton, 1986;
Howitt, 1995).

As in Egbendewe-Mondzozo et al. (2015), this study assumes a land
penetration rate of plus and minus 2% each year to constrain cropland
allocation dynamically in the simulations taking into account the fact that the
total crop land use cannot base on greater than the available arable land. This
allows us to adapt the static nature of the traditional PMP approach in a
dynamic context with more realistic levels of acreage over time. It is worth
noting that this approach does not allow the model to capture extreme
climatic events in the short run. As many farmers in ECOWAS consume
their own produce (Seo et al., 2009), there may not be a significant shift in
acreage patterns in the short run. Therefore, our calibration approach is
consistent with observed rigidity in acreage expansion in the short run. A

similar calibration approach is used for livestock production in ECOWAS.
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Results and discussion
In this section, the underlying rationale for crop supply in response to

climate change is investigated using ECOLAND. Given the long time
horizon required for climate change impact assessments, the findings should
not be interpreted as a projection or forecast rather as a probable outcome of
an interaction between several uncertain driving forces (Medellin-Azuara et
al., 2011).

Climate Change in ECOWAS zone
Crop yields are predicted based on econometric models for two RCPs

(RCP4.5 and RCP8.5). A regional warming is projected using a Regional
Climate Models (RCM), which is a multi-model ensemble over all the
ECOWAS region (Sylla, 2015)%. However, the warming differs across
geographic units. The largest mean temperature increases are found in the
North of the Gulf of Guinea, with a maximum over the Sahara desert.
Smaller warming occurs over the orographic zones of Guinea, Cameroun
Mountains, and Jos Plateau. The projected warming is substantially larger in
RCP8.5 (the high-level GHG forcing scenario), which records a temperature
increase ranging between 4K and 7K, than in RCP4.5 (the mid-level GHG
forcing scenario) with an increase of about 1K to 3.6K (Figure 4). Regarding

¢ Hundred and thirty years of simulations were performed up to 2100, and a differentiation
between the future projection (RCP: 2070-2099) and the historical (present-day: 1976-2005)
experiments is made in the computations of climate change signal (Sylla, 2015). The
historical daily climate data covers the period 1970-2005, while the data are projected from
2006 to 2100.
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Diurnal Temperature Range (DTR), which is the range between daytime and
nighttime temperatures, RCP4.5 displays positive changes in all ECOWAS
countries, and the maxima occur in Senegal, Northern Mali, and Niger
(Sylla, 2015). However, negative changes are predicted for Southern Ghana,
Cote d’Ivoire, Liberia, and Sierra Leone and more considerable increases in
DTR is predicted with RCP8.5.
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Figure 4. Projected changes (Future minus Historical) in mean seasonal temperature (in K
or oC) for the ensemble of RCMs and for RCP4.5 and RCP8.5
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Projected seasonal mean precipitations are found to reduce substantially in
ECOWAS region for both RCPs, except in Southern Cote d’Ivoire and Sierra
Leone (Sylla, 2015). However, the decrease rate differs across RCPs; the
decrease rates range between 5% and 25% for the RCP4.5 (moderate climate
change) and exceed 50% for the RCP8.5 (harsh climate change) compared to
the historical records (Figure 5). Senegal, Guinea, and Mali are projected to
experience the largest decrease in precipitations. Moreover, the length of the
dry spell and the occurrence of the very heavy precipitation events are
projected to substantially increase in both RCPs, with the largest increase in
RCP8.5, while the wet spell length is projected to have a dipole pattern with
a decrease in the Gulf of Guinea countries and increase in the Sahel.
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Figure 5. Projected changes (Future minus Historical) in mean seasonal precipitation (in
%) for the ensembles of RCMs under RCP4.5 and RCP8.5
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Regarding aridity, both RCPs exhibit in Northern Sahel and the Sahara
desert a prevalent arid climate type, a southward shift of the semi-arid band
located over the Sahel, and for the orographic areas and for the Gulf of
Guinea coastlines, less extensive wet and moist climates (Sylla, 2015). Sahel
countries will experience an increase in arid areas coverage, while for the
countries of the Gulf of Guinea semi-arid conditions gain more areal extent
(Figure 6). Overall, a shift towards more semi-arid and arid regimes is
projected by both scenarios for the whole ECOWAS region, and these shifts
are generally more pronounced in the case of RCP8.5 (Sylla, 2015).
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Figure 6. Distribution of aridity index for the ensemble of RCMs during the Historical and
the Future periods and for RCP4.5 and RCP8.5
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Table 2. Acreage and production for 2004

Acreage (1000 ha) Production (1000 tons)
Paddy Cereals Vegetable Oil Sugarcane Cotton Cocoa, Paddy Cereals Vegetable Oil Sugarcane Cotton Cocoa,
rice and fruits seeds coffee, rice and fruits seeds coffee,
and and
sesame sesame
Benin 248 940.2 412.9 473.0 1.9 116.1 14.6 41.8 1014.0 4131.3 373.1 53.7 103.5 7.1
Burkina 495 2959.8 19.9 336.6 3.6 14.1 15 86.0 2859.3 184.6 247.0 307.4 12.9 0.7
Faso
Cote 341.0 383.7 1290.5 499.2 23.0 257.6 1063.1 552.5 556.1 11094.5 419.5 1372.3 199.6 504.2
d’Ivoire
Gambia 5.2 1734 2.7 47.4 1.4 0.7 11.7 165.1 254 428 1.2 0.3
Ghana 119.4 767.2 1457.7 476.7 5.5 25.0 850.0 185.8 935.5 13000.8 414.6 408.3 20.3 399.5
Guinea 691.1 83.6 342.9 191.2 5.2 31.9 64.7 1040.7 110.4 2554.4 170.2 295.8 325 318
Guinea 65.0 61.9 16.3 154.3 0.2 41 107.5 83.6 158.5 133.4 7.8 3.6
Bissau
Liberia 47.1 6.9 109.6 5.5 0.1 10.0 62.5 8.7 717.8 4.7 7.3 45
Mali 96.7 2800.0 10.9 550.6 45 38.7 0.6 170.4 2681.0 110.1 350.3 373.8 35.0 0.3
Niger 23.4 7364.2 10.7 3090.1 3.8 10.0 43.7 6503.1 210.9 1834.3 325.0 9.7
Nigeria 2348.0 12772.1 8008.0 6962.0 43.0 632.0 1230.6 37349 14608.6 73628.7 5971.7 4746.8 505.6 581.1
Senegal 81.5 890.9 62.1 589.0 7.1 43.6 1.2 184.4 807.0 551.9 367.2 662.9 39.2 0.6
Sierra 452.8 67.5 312.7 120.0 1.0 47.4 556.0 84.7 2189.9 99.3 51.1 225
Leone
Togo 323 3213 176.1 219.4 0.9 117.7 69.9 51.2 361.7 1594.2 194.0 49.2 94.2 343
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Cropland allocation and production without climate change

As previously mentioned, the calibrated model is able to predict crop acreage
of 2004 at country level with an average percentage deviation of 13.9%.
These predicted cropland allocations and crop productions are reported in
Table 2. It appears that acreage and productions differ across countries,
showing the disparities in agricultural conditions on the ground level. Three
groups of crops are not produced by certain countries and these are ugarcane
in The Gambia (Sowe et al., 2015), cotton inLiberia and Sierra Le (Rhodes et
al., 2015) and cocoa, coffee and sesame in the Guinea-Bissau, and Niger
(Cassama et al., 2015; Maman et al., 2015).

Simulations without climate change are conducted to understand agricultural
production paths under different socio-economic scenarios in the absence of
climate change in the zone, thereby defining baseline scenarios against
which the impact of climate change could be estimated. The findings show
that acreage and production have an increasing trend over years for all crops.
Paddy rice acreage and production follow the same patterns across all SSPs.
However, they are almost 35% lower during the second half of the century
than the first half in Senegal. Unlike paddy rice, cereals acreage and
production exhibit heterogeneities across SSPs. Acreage and production are
lower under SSP2 than other SSPs for some countries such as Burkina Faso,
Mali, Niger, Nigeria, and Senegal during all the century, and Benin, The
Gambia, Ghana, and Togo from 2090 to 2100. In 2010, cereals acreage and
production are lower in Benin, Burkina Faso, The Gambia, Mali, Niger,
Nigeria, and Senegal (percentage ranging from 9.28% in Benin to 185% in
Senegal in terms of acreage) under the socio-economic conditions prevailing
under SSP2 than those prevailing under SSP1. Vegetable, fruits, sugarcane,

cocoa, coffee, and sesame acreage and production do not exhibit any
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heterogeneities across SSPs. Although oilseeds, and cotton acreage and
production follow the same patterns for all countries under SSPs 1, 3, and 4,
they differ substantially under SSP2. Indeed, oilseeds, and cotton acreage
and production are lower under SSP2 than SSP1 for countries such as

Burkina Faso, Mali, Niger, Nigeria, and Senegal.
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Climate changes implications in terms of cropland allocation
The changes in land use patterns for each climate scenario are analyzed

across SSPs.

The distribution of paddy rice acreage follows the same patterns across SSPs
under RCP4.5 and RCP8.5 (Tables 3 and 4). The moderate climate change
impact negatively the paddy rice acreage from 2060 to the end of the century
for all countries in the sub-region. However, countries are unevenly affected.
Some countries as Rep. of Benin, Burkina Faso, and Mali will register a
decrease in paddy rice acreage by 8.5%, 3.5%, and 6.8% respectively in
2080, whilst other countries such as The Gambia, Guinea Bissau, and Niger
will not experience any change. The impact of climate change on paddy rice
acreage is also unevenly distributed among countries under the harsh climate
change. Indeed, countries such as Rep. of Benin, Burkina Faso, The Gambia,
Guinea-Bissau, Mali, Niger, and Senegal do not experience any change in
paddy rice acreage under the harsh climate change. Although other countries
start experiencing the negative impacts of the hard climate change from
2070, these impacts become positive at the end of the century.

It is worth mentioning that the impacts of climate change on paddy rice
acreage are higher under moderate climate change compared to the harsh
climate change. It is important also to note that climate change impacts on
paddy rice acreage vary across ACZs within countries. For example, the
paddy rice acreage increases for loamy soils in some ACZs such ACZ15
(22.26% increase) by 2090 under moderate climate change and socio-
economic conditions defined by SSP1. Under harsh climate change, negative
changes in paddy rice acreage are observed in loamy soils for ACZ 3, whilst

positive changes are observed in loamy soils for ACZ 15.
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Table 3. Impact of climate change on paddy rice acreage under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2020
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2030 2040 2050 2060 2070
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 -0.3 -1.9
0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 -14 -75
0.0 0.0 00 -04 -2.2
0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 -17 9.1
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

-1.0 0.0 00 -16 -109
0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 -3.0 -17.0
0.0 0.0 0.0 0.0 0.0

SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 -03 -1.9
0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 -14 -75
0.0 0.0 00 -04 2.2
0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 -17 9.1
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

-1.0 0.0 00 -16 -109
0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 -3.0 -170
0.0 0.0 0.0 0.0 0.0

2080
-8.5
-3.5
-46.9
0.0
-12.4
5.7
0.0
-10.6
-6.8
0.0
-36.2
0.0
-22.2

-13.7

2080
-8.5
-3.5
-46.9
0.0
-12.4
-5.7
0.0
-10.6
-6.8
0.0
-36.2
0.0
-22.2

-13.7

2090
0.0
0.0

-2.1
0.0

-10.2
4.0
0.0

-1.6
0.0
0.0

-17.6
0.0

-28.6
2.7

2090
0.0
0.0

-2.1
0.0

-10.2
4.0
0.0

-1.6
0.0
0.0

-17.6
0.0

-28.6
2.7

2100
0.0
0.0

-1.1
0.0
5.7
-1.8
0.0
-8.6
0.0
0.0
-9.7
0.0

-20.3

0.0

2100
0.0
0.0

-1.1
0.0
-5.7
-1.8
0.0
-8.6
0.0
0.0
-9.7
0.0

-20.3

0.0

2020
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2020
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2030
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-1.0
0.0
0.0
0.0

2030
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-1.0
0.0
0.0
0.0

2040
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2040
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2050 2060 2070
0.0 0.0 0.0
0.0 0.0 0.0
0.0 -0.3 -1.9
0.0 0.0 0.0
0.0 -1.4 -7.5
0.0 -0.4 -2.2
0.0 0.0 0.0
0.0 -1.7 -9.1
0.0 0.0 0.0
0.0 0.0 0.0
0.0 -1.6  -10.9
0.0 0.0 0.0
0.0 -3.0 -17.0
0.0 0.0 0.0

SSP4: Save Yourself

2050 2060 2070
0.0 0.0 0.0
0.0 0.0 0.0
0.0 -0.3 -1.9
0.0 0.0 0.0
0.0 -14 -7.5
0.0 -0.4 -2.2
0.0 0.0 0.0
0.0 -1.7 9.1
0.0 0.0 0.0
0.0 0.0 0.0
0.0 -1.6  -10.9
0.0 0.0 0.0
0.0 -3.0 -17.0
0.0 0.0 0.0

2080
-8.5
-3.5
-46.9
0.0
-12.4
-5.7
0.0
-10.6
-6.8
0.0
-36.2
0.0
-22.2

-13.7

2080
-8.5
-3.5
-46.9
0.0
-12.4
-5.7
0.0
-10.6
-6.8
0.0
-36.2
0.0
-22.2

-13.7

2090
0.0
0.0

-2.1
0.0

-10.2
4.0
0.0

-1.6
0.0
0.0

-17.6
0.0

-28.6
2.7

2090
0.0
0.0

-2.1
0.0

-10.2
4.0
0.0

-1.6
0.0
0.0

-17.6
0.0

-28.6
2.7

2100
0.0
0.0

-1.1
0.0
5.7
-1.8
0.0
-8.6
0.0
0.0
-9.7
0.0

-20.3

0.0

2100
0.0
0.0

-1.1
0.0
5.7
-1.8
0.0
-8.6
0.0
0.0
-9.7
0.0

-20.3

0.0
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Table 4. Impact of climate change on paddy rice acreage under RCP8.5

SSP1: Cash, Control & Calories SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070

Benin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Burkina Faso 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cote d'lvoire 0.0 0.0 0.0 0.0 0.0 -1.9 -3.8 0.1 2.6 0.0 0.0 0.0 0.0 0.0 -1.9
Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 0.0 0.0 -75 -84  -10.0 0.0 0.0 0.0 0.0 0.0 0.0 -7.5
Guinea 0.0 0.0 0.0 0.0 0.0 -2.2 -3.7 5.9 11.6 0.0 0.0 0.0 0.0 0.0 -2.2
Guinea 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bissau
Liberia 0.0 0.0 0.0 0.0 0.0 9.1 -10.2 -1.6 17.2 0.0 0.0 0.0 0.0 0.0 9.1
Mali 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Niger 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria 0.0 0.0 0.0 0.0 0.0 -10.9 -15.0 -14.9 0.2 0.0 0.0 0.0 0.0 0.0 -10.9
Senegal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sierra Leone 0.0 0.0 0.0 0.0 00 -170 221  -286 3.7 0.0 0.0 0.0 0.0 0.0 -17.0
Togo 0.0 0.0 0.0 0.0 0.0 0.0 -1.2 4.3 4.6 0.0 0.0 0.0 0.0 0.0 0.0
SSP3: Civil Society to the Rescue? SSP4: Save Yourself
2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070
Benin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Burkina Faso 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cote d'lvoire 0.0 0.0 0.0 0.0 0.0 -1.9 -3.8 0.1 2.6 0.0 0.0 0.0 0.0 0.0 -1.9
Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 0.0 0.0 -15 -8.4 -10.0 0.0 0.0 0.0 0.0 0.0 0.0 -7.5
Guinea 0.0 0.0 0.0 0.0 0.0 -2.2 -3.7 5.9 11.6 0.0 0.0 0.0 0.0 0.0 -2.2
Guinea 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bissau
Liberia 0.0 0.0 0.0 0.0 0.0 9.1 -10.2 -1.6 17.2 0.0 0.0 0.0 0.0 0.0 9.1
Mali 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Niger 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria 0.0 0.0 0.0 0.0 00 -109 -150 -149 0.2 0.0 0.0 0.0 0.0 0.0 -10.9
Senegal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sierra Leone 0.0 0.0 0.0 0.0 0.0 -17.0 -22.1 -28.6 3.7 0.0 0.0 0.0 0.0 0.0 -17.0
Togo 0.0 0.0 0.0 0.0 0.0 0.0 -1.2 4.3 4.6 0.0 0.0 0.0 0.0 0.0 0.0
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The impact of climate change on maize, sorghum, and millet acreage follow
the same patterns across SSPs, either for RCP4.5 or RCP8.5 (Tables 5, and
6). From 2020 to 2050, except the year 2050, climate change does not have a
significant impact on cereal acreage in almost all countries of the ECOWAS,
except for Mali, Niger, Nigeria and Senegal where we can observe an
increase in cereal acreage under SSP1, 2 and 3 in 2020. After 2050 until the
end of the century, climate change leads to a decrease in cropland allocated
to maize, sorghum, and millet in almost all countries in ECOWAS, except
Niger and The Gambia, where an increase in land allocated to these crops
was observed. Results further showed that some countries such as Rep. of
Benin, Guinea, Guinea-Bissau and Sierra Leone will register a decrease of
more than 50% of the land allocated to cereal production by the end of the
century irrespective of climate and socio-economic scenarios. A decrease of
less than 10% in land allocated to cereal production was also observed in
Burkina Faso, Gambia, Ghana and Nigeria by the end of century regardless
of climate and socio-economic scenarios. In general, the difference of the
distributions of climate change impacts on cereal acreage among countries of
the ECOWAS under different climate and socio-economic scenarios is not
apparent. Land under maize, sorghum, and millet production is differently
impacted by climate change across ACZs. Indeed, a positive impact is
observed in some ACSZs (e.g., in ACZ 20 for loamy soils and in ACZ 22 for
loamy and sandy soils), whilst negative impact is found in another ACZs
(e.g., in ACZs 32 and 34 for clay soils). These observed climate change

impacts on cereal acreage at ACZ levels depend on SSPs.
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Table 5. Impact of climate change on cereal acreage under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2030 2040 2050 2060 2070
0.0 0.0 0.0 0.2 -5.6
0.0 0.0 0.0 0.7 0.2
0.0 0.0 29 260 -224
0.0 0.0 0.1 0.2 0.1
0.0 0.0 0.0 -8.8 -7.5
0.0 0.0 0.6 -7.3 -1.2
0.0 0.0 00 -144 -110
0.0 0.0 0.0 -385 0.0
0.0 0.0 0.0 5.7 2.0
0.0 0.0 0.0 87.2 3.8
0.0 0.0 0.8 3.0 0.4
0.0 0.0 0.0 2.6 11.9
0.0 0.0 00 -793 -191
0.0 0.0 0.1 08 -107

SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
0.0 0.0 0.0 0.2 -5.6
0.0 0.0 0.0 0.7 0.2
0.0 0.0 2.9 260 -224
0.0 0.0 0.1 0.2 0.1
0.0 0.0 0.0 -8.8 -7.5
0.0 0.0 0.6 -7.3 -1.2
0.0 0.0 00 -144 -110
0.0 0.0 0.0 -385 0.0
0.0 0.0 0.0 5.7 2.0
0.0 0.0 0.0 87.2 3.8
0.0 0.0 0.8 3.0 0.4
0.0 0.0 0.0 2.6 11.9
0.0 0.0 00 -793 -191
0.0 0.0 0.1 08 -107

2080

-26.7
-0.1
-7.5

0.0
-4.5
-0.3

-29.2

0.0

2090

-44.8
-0.2
-14.7
0.0
4.1
-88.3
-51.1
-94.5
-0.4
0.0
-1.1
-0.1
-71.1
-32.5

2100

2050 2060 2070
0.0 0.2 -5.6
0.0 0.7 -0.1
2.9 260 -224
0.1 0.2 0.1
0.0 -8.8 -7.5
0.6 -7.3 -1.2
00 -144 -110
00 -385 0.0
0.0 4.0 -0.4
0.0 5.8 0.0
0.8 33 -0.9
0.0 20.7 -0.1
00 -79.3 -191
0.1 08 -10.7

SSP4: Save Yourself

2050 2060 2070
0.0 0.2 -5.6
0.0 0.7 0.2
2.9 260 -224
0.1 0.2 0.1
0.0 -8.8 -75
0.6 -7.3 -1.2
00 -144 -110
00 -385 0.0
0.0 57 2.0
0.0 87.2 3.8
0.8 3.0 0.4
0.0 2.6 11.9
00 -793 -191
0.1 08 -10.7
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Table 6. Impact of climate change on cereal acreage under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2040

2050

2060

-3.5
0.6
-31.9
0.2
-10.6
-15.7
-14.4
-38.5

-79.3
-8.2

2070

-5.6
-0.1
-22.4
0.0
-7.5
-1.2

SSP3: Civil Society to the Rescue?

2040

2050

2060

35
06
-31.9
02
-10.6
-15.7
-14.4
-385
53
87.2
0.2
26
-79.3
-8.2

2070

2080

-26.7
-0.1
-7.9

0.0
-4.5

2090

-44.8
-0.2
-14.7
0.0
4.1

-32.5

2100

-50.4
0.9
-18.3
0.1
-5.2

2050

SSP4: Save Yourself

2050

2060

-3.5
0.5
-31.9
0.2
-10.6
-15.7
-14.4
-38.5
35
5.8
0.2
20.6
-79.3
-8.2

2060

-35
0.6
-31.9
0.2
-10.6
-15.7
-14.4
-385
53
87.2
0.2
26
-79.3
-8.2

2070

-5.6
-0.1
-22.4

2070

-32.5
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Table 7. Impact of climate change on vegetable and fruits acreage under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040

Benin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Burkina Faso 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cote d'lvoire 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Guinea 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Guinea Bissau 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Liberia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mali 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Niger 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Senegal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sierra Leone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Togo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SéPS: Civill Society .to the Reécue?
2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040

Benin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Burkina Faso 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cote d'lvoire 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Guinea 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Guinea Bissau 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Liberia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mali 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Niger 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Senegal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sierra Leone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Togo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2050 2060 2070
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

SSP4: Save Yourself

2050 2060 2070
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
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Table 8. Impact of climate change on vegetable and fruits acreage under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020

0.0
0.0
0.0
0.0
0.0

2030

0.0
0.0
0.0
0.0
0.0

SSP3: Civil Society to the Rescue?

2030

0.0
0.0
0.0

2040

0.0
0.0
0.0
0.0
0.0

2040

0.0
0.0
0.0

2050

0.0
0.0
0.0
0.0
0.0

2050

0.0
0.0
0.0

2060

0.0
0.0
0.0
0.0
0.0

2060

0.0
0.0
0.0

2070

0.0
0.0
0.0
0.0
0.0

2070

0.0
0.0
0.0

2080

0.0
0.0
0.0
0.0
0.0

2090

0.0
0.0
0.0
0.0
0.0

2100

0.0
0.0
0.0
0.0
0.0

2020

0.0
0.0
0.0
0.0
0.0

2030

0.0
0.0
0.0
0.0
0.0

2050

0.0
0.0
0.0
0.0
0.0

2060

0.0
0.0
0.0
0.0
0.0

2070

0.0
0.0
0.0
0.0
0.0

SSP4: Save Yourself

2050

0.0
0.0
0.0

2060

0.0
0.0
0.0

2070

0.0
0.0
0.0
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Except for Senegal, climate change (both moderate and harsh) does not
influence land accolated to vegetable and fruits production in all countries in

ECOWAS regardless of socio-economic scenarios (Tables 7 and 8).

Both moderate and harsh climate change will affect oilseeds acreage
positively or negatively depending on countries (Tables 9, and 10). Countries
such as Rep. of Benin, Cote d’Ivoire, Ghana, Guinea, Nigeria and Togo will
first experience a decrease, and by the end of the century an increase and
eventually a decrease in land allocated to oilseeds production. Guinea-
Bissau, Liberia and Sierra Leone will experience an increase in oilseeds
acreage, whilst other countries (Burkina Faso, Gambia, Mali, Niger and
Senegal) will face a decrease in land allocated to oilseeds production during
the entire period of 2020-2100. These trends do not depend on climate and
socio-economic scenarios. Except for Liberia and Sierra Leone, the impact of
climate change on oilseeds acreage in countries in ECOWAS will vary
between -73.2% and 61.2% for SSP1, SSP3, and SSP4, and between -90.2%
and 85.4% for SSP2 under RCP4.5. The same pattern is observed under
RCP8.5, except that countries experience a decrease in land allocated to
oilseeds production earlier than under RCP4.5. It is worth mentioning that
the impacts of climate change differ also across ACZs. For example, we
observe positive impacts of climate change on oilseeds acreage in ACZ 13
for loamy soils, and in ACZ 27 for clay soils, while these impacts are
negative in ACZs 20 and 22 for loamy soils under both moderate and harsh

climate change coupled with socio-economic scenario SSP1.
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Table 9. Impact of climate change on oil seeds acreage under RCP4.5

SSP1: Cash, Control & Calories SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 0.0 0.0 0.0 0.0 -0.4 -0.3 15.3 47.2 84.7 0.0 0.0 0.0 0.0 -0.4 -0.3 15.3 475 85.4
Burkina Faso 0.0 0.0 0.0 0.0 -5.8 -2.6 -0.3 0.0 -3.3 0.0 0.0 -0.1 0.0 -4.1 -40 -10.8 -1.8 -1.0
Cote d'Ivoire 0.0 0.0 0.0 -1.6 -96 -39.0 -338 15.9 8.9 0.0 0.0 0.0 -1.6 96 -39.0 -338 15.9 8.9
Gambia 0.0 0.0 0.0 -0.6 -1.1 -0.7 0.0 0.0 0.0 0.0 0.0 0.0 -0.6 -1.1 -0.7 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 -0.1 18.9 14.4 8.9 10.8 9.8 0.0 0.0 0.0 -0.1 18.9 14.4 8.9 10.8 9.8
Guinea 0.0 0.0 0.0 -0.3 6.3 73 31.0 61.2 29.7 0.0 0.0 0.0 -0.3 6.3 7.3 31.0 61.2 29.7
Guinea Bissau 0.0 0.0 0.0 0.0 5.8 3.4 6.0 15.9 26.0 0.0 0.0 0.0 0.0 58 3.4 6.0 15.9 26.0
Liberia 0.0 0.0 0.0 0.0 2137 559.1 861.7 14147 1200.4 0.0 0.0 0.0 0.0 2137 559.1 861.7 14147 1200.4
Mali 0.0 0.0 0.0 -0.1  -254  -10.7 -0.8 0.0 -20.7 0.0 0.0 -0.9 -0.1  -258 451  -69.6 -57.0 -46.3
Niger 0.0 0.0 0.0 0.0 -732 -2.4 0.0 0.0 -5.2 0.0 0.0 -2.4 00 -582 -853 -883 -90.2 -86.7
Nigeria 0.0 0.0 0.0 -1.6 -55 -6.4 2.6 11.7 -0.2 0.0 0.0 -0.1 -1.8 -4.4 -76 -12.2 15.6 8.4
Senegal 0.0 0.0 0.0 0.0 -3.7  -149 0.0 0.0 -32.6 0.0 0.0 0.0 0.0 -122 -32 -75.6 -6.2 -4.1
Sierra Leone 0.0 0.0 0.0 0.0 160.0 2853 375.0 500.5 300.1 0.0 0.0 0.0 0.0 160.0 2853 375.0 500.5 300.1
Togo 0.0 0.0 0.0 -0.1 -1.1 -2.1 6.2 24.2 40.9 0.0 0.0 0.0 -0.1 -1.1 -2.1 6.2 24.2 40.9

SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 0.0 0.0 0.0 0.0 -0.4 -0.3 15.3 47.2 84.7 0.0 0.0 0.0 0.0 -0.4 -0.3 15.3 47.2 84.7
Burkina Faso 0.0 0.0 0.0 0.0 -5.8 -2.6 -0.3 0.0 -3.3 0.0 0.0 0.0 0.0 -5.8 -2.6 -0.3 -2.9 -3.3
Cote d'Ivoire 0.0 0.0 0.0 -1.6 -96 -39.0 -338 15.9 8.9 0.0 0.0 0.0 -1.6 96 -39.0 -3338 15.9 8.9
Gambia 0.0 0.0 0.0 -0.6 -1.1 -0.7 0.0 0.0 0.0 0.0 0.0 0.0 -0.6 -1.1 -0.7 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 -0.1 18.9 14.4 8.9 10.8 9.8 0.0 0.0 0.0 -0.1 18.9 14.4 8.9 10.8 9.8
Guinea 0.0 0.0 0.0 -0.3 6.3 7.3 31.0 61.2 29.7 0.0 0.0 0.0 -0.3 6.3 7.3 31.0 61.2 29.7
Guinea Bissau 0.0 0.0 0.0 0.0 5.8 3.4 6.0 15.9 26.0 0.0 0.0 0.0 0.0 5.8 3.4 6.0 15.9 26.0
Liberia 0.0 0.0 0.0 0.0 2137 559.1 861.7 14147 1200.4 0.0 0.0 0.0 0.0 2137 559.1 861.7 14147 1200.4
Mali 0.0 0.0 0.0 -01  -254  -107 -0.8 0.0 -20.7 0.0 0.0 0.0 -0.1  -254  -107 -0.8 -16.9 -20.7
Niger 0.0 0.0 0.0 0.0 -732 -2.4 0.0 0.0 -5.2 0.0 0.0 0.0 00 -732 -2.4 0.0 -4.3 -5.2
Nigeria 0.0 0.0 0.0 -1.6 -55 -6.4 2.6 11.7 -0.2 0.0 0.0 0.0 -1.6 -55 -6.4 2.6 6.7 -0.2
Senegal -0.3 0.0 0.0 0.0 -3.7  -149 0.0 0.0 -32.6 0.0 0.0 0.0 0.0 -3.7  -149 0.0 -26.4 -32.6
Sierra Leone 0.0 0.0 0.0 0.0 160.0 2853 375.0 500.5 300.1 0.0 0.0 0.0 0.0 160.0 2853 375.0 500.5 300.1
Togo 0.0 0.0 0.0 -0.1 -1.1 -2.1 6.2 24.2 40.9 0.0 0.0 0.0 -0.1 -1.1 -2.1 6.2 24.2 40.9
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Table 10. Impact of climate change on oil seeds acreage under RCP8.5

SSP1: Cash, Control & Calories SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 0.0 0.0 0.0 -0.2 -0.2 -0.3 15.3 40.7 84.3 0.0 0.0 0.0 -0.2 -0.2 -0.3 15.3 41.0 85.4
Burkina Faso 0.0 0.0 0.0 -2.3 -55 -0.5 -0.3 -0.1 -6.8 0.0 -7.8 -0.1 -2.5 -3.8 -40 -10.8 -1.9 -1.0
Cote d'lvoire 0.0 0.0 0.0 -1.6 122 -390 -338 -22.2 0.0 0.0 0.0 0.0 -1.6 122 -390 -338 -22.2 0.0
Gambia 0.0 0.0 0.0 -0.9 -1.1 0.0 0.0 0.0 -0.8 0.0 0.0 0.0 -0.9 -1.1 0.0 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 -0.1 19.2 144 8.9 9.7 3.2 0.0 0.0 0.0 -0.1 19.2 144 8.9 9.7 3.2
Guinea 0.0 0.0 0.0 -0.3 8.7 7.3 31.0 338 -0.1 0.0 0.0 0.0 -0.3 8.7 7.3 31.0 33.8 -0.1
Guinea Bissau 0.0 0.0 0.0 0.0 5.8 3.4 6.0 13.8 26.0 0.0 0.0 0.0 0.0 5.8 34 6.0 13.8 26.0
Liberia 0.0 0.0 0.0 0.0 165.2 559.1 861.7 14147 0.0 0.0 0.0 0.0 0.0 1652 559.1 861.7 14147 0.0
Mali 0.0 0.0 0.0 -35  -247 -1.2 -0.8 -0.3  -286 0.0 -343 -0.9 59 240 451 -69.6 -585  -46.3
Niger 0.0 0.0 0.0 -1.1 -732 0.0 0.0 0.0 -1.7 0.0 -244 -2.4 -13 -582 -853 -883 -90.2  -86.7
Nigeria 0.0 0.0 0.0 -4.7 -1.1 -2.0 2.6 6.6 -155 0.0 -5.2 -0.1 -5.1 0.7 56  -12.2 7.5 -0.1
Senegal 0.0 0.0 0.0 -2.8 -3.7 0.0 0.0 0.0 -387 0.0 -50.1 0.0 82  -122 -32  -75.6 -6.2 -4.1
Sierra Leone 0.0 0.0 0.0 0.0 1265 2853 375.0 500.5 -0.4 0.0 0.0 0.0 0.0 1265 2853 375.0 500.5 -0.4
Togo 0.0 0.0 0.0 -0.1 0.0 -2.1 6.2 19.8 40.9 0.0 0.0 0.0 -0.1 0.0 -2.1 6.2 19.8 40.9

SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100

Benin 0.0 0.0 0.0 -0.2 -0.2 -0.3 15.3 40.7 84.3 0.0 0.0 0.0 -0.2 -0.2 -0.3 153 40.7 84.3
Burkina Faso 0.0 0.0 0.0 -2.3 -5.5 -0.5 -0.3 -0.1 -6.8 0.0 0.0 0.0 -2.3 -5.5 -2.6 -0.3 -0.1 -6.8
Cote d'lvoire 0.0 0.0 0.0 -1.6 122 -390 -338 -22.2 0.0 0.0 0.0 0.0 -1.6 122 -390 -338 -22.2 0.0
Gambia 0.0 0.0 0.0 -0.9 -1.1 0.0 0.0 0.0 -0.8 0.0 0.0 0.0 -0.9 -1.1 0.0 0.0 0.0 -0.8
Ghana 0.0 0.0 0.0 -0.1 19.2 14.4 8.9 9.7 3.2 0.0 0.0 0.0 -0.1 19.2 14.4 8.9 9.7 3.2
Guinea 0.0 0.0 0.0 -0.3 8.7 7.3 31.0 33.8 -0.1 0.0 0.0 0.0 -0.3 8.7 7.3 31.0 33.8 -0.1
Guinea Bissau 0.0 0.0 0.0 0.0 5.8 3.4 6.0 13.8 26.0 0.0 0.0 0.0 0.0 5.8 3.4 6.0 138 26.0
Liberia 0.0 0.0 0.0 0.0 1652 559.1 861.7 14147 0.0 0.0 0.0 0.0 0.0 1652 559.1 861.7 14147 0.0
Mali 0.0 0.0 0.0 -35 -247 -1.2 -0.8 -0.3  -28.6 0.0 0.0 0.0 -35 247  -107 -0.8 -03 -286
Niger 0.0 0.0 0.0 -1 -732 0.0 0.0 0.0 =17 0.0 0.0 0.0 -1.1 -732 -2.4 0.0 0.0 -1.7
Nigeria 0.0 0.0 0.0 -4.7 -1.1 -2.0 2.6 6.6 -155 0.0 0.0 0.0 -4.7 -1.1 -4.7 2.6 6.6 -155
Senegal -0.3 0.0 -0.5 -2.8 -3.7 0.0 0.0 0.0 -387 0.0 0.0 0.0 -2.8 -3.7  -149 0.0 0.0 -387
Sierra Leone 0.0 0.0 0.0 0.0 1265 2853 375.0 500.5 -0.4 0.0 0.0 0.0 0.0 1265 2853 375.0 500.5 -0.4
Togo 0.0 0.0 0.0 -0.1 0.0 -2.1 6.2 198 409 0.0 0.0 0.0 -0.1 0.0 -2.1 6.2 19.8 40.9
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As reported in (Tables 11 and 12), climate change does not have any
significant impact on the sugarcane acreage in most countries in the
ECOWAS region such as Benin, Burkina-Faso, Cote d’Ivoire, Ghana,
Liberia, Mali, Niger and Togo during the period of the study. However,
countries like Guinea, Guinea-Bissau and Sierra Leone will, however,
experience a sharp increase in land allocated to sugarcane production by the
end of the century starting from 2070. In Guinea-Bissau, the increase will
reach almost 70%, whilst it will be less than 10% in Guinea and Sierra
Leone. These trends do not depend on climate and socio-economic scenarios.
In some countries (e.g. Senegal and Nigeria), climate change impact on
sugarcane acreage will exhibit different patterns under RCP4.5 and RCP8.5.
Indeed, land allocated to sugarcane production in Nigeria will first increase,
then decrease, and finally, increase by the end of the century under RCP4.5,
whilst it will only increase by the end of the century 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
combined with SSP2. This decrease will reach almost 24% in 2090.

As reported in Tables 13 and 14, only Rep. of Benin, Ghana, Guinea,
Guinea-Bissau, Senegal, Togo and The Gambia exhibited a constant trend in
cotton acreage changes overall climate and socio-economic scenarios.
Indeed, climate change will lead to an increase in cotton acreage by the end
of the century for Benin, Ghana, and Togo; a U-shape form in cotton acreage
for Senegal; an inverted U-shape for in cotton acreage for Guinea and
Guinea Bissau and; a steady state in cotton acreage for Gambia. For other

countries, the impact of climate change on cotton acreage depends on climate
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and socio-economic scenarios. For example, Burkina-Faso will experience
an increase in land allocated to cotton production by the end of the century
under RCP4.5, whilst the climate impact will exhibit a U-shape form under
RCP8.5 irrespective of socio-economic scenarios. Some countries like Mali,
Niger, and Nigeria exhibiting a steady state or an increase in land allocated
to cotton production under RCP4.5, will experience a climate change impact
on cotton acreage with a U-shape form under RCP8.5, regardless of socio-
economic scenarios. Only Senegal exhibited a decrease in cotton acreage at
the beginning of the study period (less than 20% in 2020) under RCP4.5,
whilst more countries including Senegal, Burkina Faso, Mali, Niger and
Nigeria experience a decrease in cotton acreage under RCP8.5 during the
same period. In general, the drop in land allocated to cotton production may
reach 20%, 65%, and 28% respectively for SSP1, SSP2, and SSP3 under
RCP4.5, whilst it may reach 48%, 65%, and 48% respectively for SSP1,
SSP2, and SSP3 under RCP8.5. It is worth noticed that all countries exhibit
an increase or a steady state in cotton acreage by the end of the century

regardless of climate and socio-economic scenarios.

Land under cotton production also exhibited different patterns across ACZs
for different climate and socio-economic scenarios. Indeed, the negative
impact is observed in some ACZs (e.g., in ACZ 17 on sandy soils under
RCP4.5 and SSP1, in ACZ 17 on sandy soils, and in ACZ 28 on loamy soils,
which register a drop in cotton acreage of about 47.27% by 2020 under
RCP8.5 and SSP1).
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Table 11

. Impact of climate change on sugarcane acreage under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2030 2040 2050 2060 2070

SSP3: Civil Society to the Rescue?
2030 2040 2050 2060 2070

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.2
0.0 0.0 0.0 0.0 67.5
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
115.3 0.0 0.0 0.0 3332
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 4.8
0.0 0.0 0.0 0.0 0.0

2080

0.0
0.0
0.0
0.0
0.2
70.4
0.0
0.0
0.0
3732
0.0
4.9
0.0

2020

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2030

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
115.3
0.0
0.0
0.0

2040

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2050 2060 2070

SSP4: Save Yourself
2050 2060 2070

0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.2
0.0 0.0 67.5
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 3332
0.0 0.0 0.0
0.0 0.0 4.8
0.0 0.0 0.0

2090

0.0
0.0
0.0
0.0
0.2
724
0.0
0.0
0.0
404.3
0.0

0.0
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Table 12

. Impact of climate change on sugarcane acreage under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2020
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2030
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2040
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2050
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2060
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2070
0.0
0.0
0.0
0.0
0.2

67.5
0.0
0.0
0.0

333.2
0.0
4.8
0.0

SSP3: Civil Society to the Rescue?

2030
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2040
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2050
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2060
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2070
0.0
0.0
0.0
0.0
0.2

67.5
0.0
0.0
0.0

333.2
0.0
4.8
0.0

2080
0.0
0.0
0.0
0.0
0.2

704
0.0
0.0
0.0

373.2
0.0
4.9
0.0

2080
0.0
0.0
0.0
0.0
0.2

70.4
0.0
0.0
0.0

373.2
0.0
4.9
0.0

2090
0.0
0.0
0.0
0.0
0.2

724
0.0
0.0
0.0

404.3
0.0
5.0
0.0

2090
0.0
0.0
0.0
0.0
0.2

724
0.0
0.0
0.0

404.3
0.0
5.0
0.0

2100
0.0
0.0
0.0
0.0
0.2

73.8
0.0
0.0
0.0
0.0
0.0
51
0.0

2100
0.0
0.0
0.0
0.0
0.2

73.8
0.0
0.0
0.0
0.0
0.0
51
0.0

2020
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2020
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2030
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2030
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2040
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2040
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2050
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2060
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2070
0.0
0.0
0.0
0.0
0.2

67.5
0.0
0.0
0.0

333.2

-1.8
4.8
0.0

SSP4: Save Yourself

2050
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2060
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2070
0.0
0.0
0.0
0.0
0.2

67.5
0.0
0.0
0.0

333.2
0.0
4.8
0.0

2080
0.0
0.0
0.0
0.0
0.2

70.4
0.0
0.0
0.0

373.2
0.0
4.9
0.0

2080
0.0
0.0
0.0
0.0
0.2

70.4
0.0
0.0
0.0

373.2
0.0
4.9
0.0

2090
0.0
0.0
0.0
0.0
0.2

724
0.0
0.0
0.0

404.3

-23.7
5.0
0.0

2090
0.0
0.0
0.0
0.0
0.2

724
0.0
0.0
0.0

404.3
0.0
5.0
0.0

2100
0.0
0.0
0.0
0.0
0.2

73.8
0.0
0.0
0.0
0.0
0.0
5.1
0.0

2100
0.0
0.0
0.0
0.0
0.2

73.8
0.0
0.0
0.0
0.0
0.0
51
0.0
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Table 13. Impact of climate change on cotton acreage under RCP4.5

SSP1: Cash, Control & Calories SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 0.0 0.0 0.0 0.0 0.0 43.8 229.0 1755 83.2 0.0 0.0 0.0 0.0 0.0 43.8 229.0 1755 83.2
Burkina Faso 0.0 0.0 0.0 0.0 0.0 45.9 59.0 314 319 00 -351 0.0 0.0 0.0 2183 330.8 2005 2255
Cote d'lvoire 0.0 0.0 0.0 0.0 00 1378 279.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1378 279.9 0.0 0.0
Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 0.0 0.0 88.0 133.6 88.1  98.0 0.0 0.0 0.0 0.0 0.0 88.0 133.6 88.1 98.0
Guinea 0.0 0.0 0.0 0.0 0.0 57.0 119.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 57.0 119.8 0.0 0.0
Guinea Bissau 0.0 0.0 0.0 0.0 0.0 11.2 250.7 1974 0.0 0.0 0.0 0.0 0.0 0.0 11.2 250.7 1974 0.0
Mali 0.0 0.0 0.0 0.0 0.0 51.7 71.2 284  29.0 0.0 -344 0.0 0.0 0.0 306.2 536.4 2635 3189
Niger 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -64.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria 0.0 0.0 0.0 0.0 0.0 4629 1023.8 751 817 0.0 -2.4 0.0 0.0 0.0 6509 1696.7 148.1 197.8
Senegal -20.0 0.0 0.0 0.0 0.0 13 14 14 20 -200 -25.2 0.0 0.0 0.0 5.4 6.8 8.3 9.9
Togo 0.0 0.0 0.0 0.0 0.0 30.3 49.5 456  45.0 0.0 0.0 0.0 0.0 0.0 30.3 49.5 45.6 45.0

SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100

Benin 0.0 0.0 0.0 0.0 0.0 43.8 2290 1755 832 0.0 0.0 0.0 0.0 0.0 43.8 229.0 1755 83.2
Burkina Faso 0.0 0.0 0.0 0.0 0.0 45.9 59.0 314 319 0.0 0.0 0.0 0.0 0.0 45.9 59.0 31.4 31.9
Cote d'lvoire 0.0 0.0 0.0 0.0 0.0 1378 279.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1378 279.9 0.0 0.0
Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 0.0 0.0 88.0 133.6 88.1 980 0.0 0.0 0.0 0.0 0.0 88.0 133.6 88.1 98.0
Guinea 0.0 0.0 0.0 0.0 0.0 57.0 119.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 57.0 119.8 0.0 0.0
Guinea Bissau 0.0 0.0 0.0 0.0 0.0 11.2 250.7 1974 0.0 0.0 0.0 0.0 0.0 0.0 11.2 250.7 1974 0.0
Mali 0.0 0.0 0.0 0.0 0.0 51.7 71.2 284  29.0 0.0 0.0 0.0 0.0 0.0 51.7 71.2 28.4 29.0
Niger 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria 0.0 0.0 0.0 0.0 0.0 4629 10238 751 817 0.0 0.0 0.0 0.0 0.0 4629 10238 75.1 81.7
Senegal -200 -27.4 0.0 0.0 0.0 13 14 14 2.0 0.0 0.0 0.0 0.0 0.0 13 14 14 2.0
Togo 0.0 0.0 0.0 0.0 0.0 30.3 49.5 456  45.0 0.0 0.0 0.0 0.0 0.0 30.3 49.5 45.6 45.0
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Table 14. Impact of climate change on cotton acreage under RCP8.5

SSP1: Cash, Control & Calories SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 0.0 0.0 0.0 0.0 28.3 438 2244 2356 83.2 0.0 0.0 0.0 0.0 28.3 43.8 2244 2356 83.2
Burkina Faso -25.7 0.0 0.0 0.0 277 45.9 40.1 347 319 00 -35.1 0.0 0.0 108.1 2183 2246 2219 2255
Cote d'lvoire 0.0 0.0 0.0 0.0 0.0 1378 935 39.9 0.0 0.0 0.0 0.0 0.0 0.0 137.8 935 39.9 0.0
Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 0.0 54.2 88.0 95.5 98.1 98.0 0.0 0.0 0.0 0.0 54.2 88.0 95.5 98.1 98.0
Guinea 0.0 0.0 0.0 0.0 0.0 57.0 40.0 17.2 0.0 0.0 0.0 0.0 0.0 0.0 57.0 40.0 17.2 0.0
Guinea Bissau 0.0 0.0 0.0 0.0 0.0 112 250.7 3199 0.0 0.0 0.0 0.0 0.0 0.0 112 250.7 3199 0.0
Mali -25.2 0.0 0.0 0.0 2438 51.7 42.2 335 290 0.0 -344 0.0 0.0 1128 306.2 317.8 311.2 3189
Niger -47.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -64.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria -1.7 0.0 0.0 0.0 29.7 4629 3845 2160 817 0.0 -2.4 0.0 0.0 37.7 6509 637.2 4259 1978
Senegal -31.8 0.0 0.0 0.0 1.2 13 14 14 20 -200 -25.2 0.0 0.0 4.6 5.4 6.8 8.4 9.9
Togo 0.0 0.0 0.0 0.0 240 30.3 445 511 450 0.0 0.0 0.0 0.0 24.0 30.3 44.5 51.1 45.0

SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100

Benin 0.0 0.0 0.0 0.0 283 438 2244 2356 832 0.0 0.0 0.0 0.0 28.3 438 2244 2356 83.2
Burkina Faso -25.7 0.0 0.0 00 277 45.9 40.1 347 319 0.0 0.0 0.0 0.0 27.7 45.9 40.1 34.7 31.9
Cote d'lvoire 0.0 0.0 0.0 0.0 0.0 1378 935 39.9 0.0 0.0 0.0 0.0 0.0 0.0 1378 93.5 39.9 0.0
Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 0.0 0.0 0.0 0.0 542 88.0 95.5 98.1 980 0.0 0.0 0.0 0.0 54.2 88.0 95.5 98.1 98.0
Guinea 0.0 0.0 0.0 0.0 0.0 57.0 40.0 17.2 0.0 0.0 0.0 0.0 0.0 0.0 57.0 40.0 17.2 0.0
Guinea Bissau 0.0 0.0 0.0 0.0 0.0 112 2507 319.9 0.0 0.0 0.0 0.0 0.0 0.0 112 250.7 319.9 0.0
Mali -25.2 0.0 0.0 0.0 248 51.7 42.2 335  29.0 0.0 0.0 0.0 0.0 24.8 51.7 42.2 33.5 29.0
Niger -47.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria -1.7 0.0 0.0 0.0 29.7 4629 3845 2160 817 0.0 0.0 0.0 0.0 29.7 4629 3845 216.0 81.7
Senegal -31.8  -27.4 0.0 0.0 12 13 14 14 2.0 0.0 0.0 0.0 0.0 12 13 14 1.4 2.0
Togo 0.0 0.0 0.0 0.0 240 30.3 44.5 511 450 0.0 0.0 0.0 0.0 24.0 30.3 44.5 511 45.0
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As reported in Tables 15 and 16, both moderate and harsh climate changes
do not affect land under cocoa, coffee, and sesame production regardless of

socio-economic conditions.
Climate changes implications in terms of crop production

Except for rice, production of sugarcane and cotton should be interpreted as

an indicator of production because it refers to a group of crops.

Except for Niger and Senegal, paddy rice production decreased in most of
the years for all countries in ECOWAS region regardless of climate and
socio-economic scenarios (Tables 17, and 18). These decreases range
between 5-60 percent with an average of 11 percent under RCP4.5, and
between 2-40 percent with an average of 8 percent under RCP8.5.
Irrespective of socio-economic scenarios, it will register an increase in
paddy rice production for all countries in ECOWAS, ranging between 0.1-9
percent (with an average of 4.5 percent) by 2050 under RCP4.5, and between
0.3-23 percent (with an average of 9.5 percent) by 2040, 2050 and 2060
under RCP8.5. Furthermore, countries like Niger and Senegal will
experience an increase in paddy rice production almost every year of the
study period, regardless of climate and socio-economic scenarios. However,
the yearly distribution of these impacts will depend significantly on climate
and socio-economic scenarios. For example, paddy rice production will
increase in Niger during the period (i.e. between years 2010 and 2100) of
study by 07-14.2 percent (with an average of 6.1 percent) under SSP1 and
RCP4.5, and by 0.7-17.4 percent (with an average of 5.2 percent) under
SSP2 and RCP4.5. As for paddy rice acreage, the impact of climate change

on paddy rice production also exhibits heterogeneities across ACZs. For
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example, ACZs 3 and 6 will experience an increase in paddy rice production
from 2045 to 2060 in loamy soils under both moderate and harsh climate

change coupled with SSP1.
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Table 15. Impact of climate change on cocoa, coffee, and sesame acreage under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire

Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal

Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire

Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal

Sierra Leone
Togo

2020

2020

2030

2040

2050

2060

2070

SSP3: Civil Society to the Rescue?

2030

2040

2050

2060

2070

2080

2080

2090

2090

2100

2100

2020

2020

2030

2030

2040

2040

2050 2060 2070

SSP4: Save Yourself
2050 2060 2070

2080

2080

2090

2090

2100

2100
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Table 16. Impact of climate change on cocoa, coffee, and sesame acreage under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal
Sierra Leone
Togo

2020

2030

2030

2040

2040

2050

2050

2060

2060

2070

2070

2050

2060

2070
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Table 17

. Impact of climate change on paddy rice production under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020

-3.7
-1.2
-5.4
-5.0
-7.6
-11.5
-12.0
-14.0
-0.3
2.7
-1.4
2.6
-14.4
-5.6

2020

2030

-8.0
-2.9
-6.7
-10.1
-8.1
-8.5

2040

-1.3

13
-0.9
-5.5
-1.4

2050

2060

125
18.4
3.1
12.3
-2.9
-4.6
-7.0
-12.5
19.3
24.6
0.9
14.2
-15.9

2070

-1.3
6.3
-10.7
-3.4
-17.2
-18.3
-15.1
-27.7
79
16.3
-18.2
9.0
-36.6
-4.9

SSP3: Civil Society to the Rescue?

2030

-8.0
-2.9
-6.7
-10.1
-8.1
-8.5
-11.9
-9.1
-0.9
5.7
-9.2
0.7
-10.9
-1.2

2040

2050

2060

125
18.4
3.1
123
-2.9
-4.6
-7.0
-12.5
19.3
24.6
0.9
14.2
-15.9

2070

-1.3
6.3
-10.7
-3.4

2080

2090

-11.6
-5.3
-16.0
-10.8
-20.9
-14.0
-18.3
-17.4
-3.5
4.4
-26.4
6.6
-42.5
-10.0

2100

-1.3
-0.7
-9.0
-7.9
-13.1
-10.9
-13.9
-18.4
14
9.6
-15.3
9.0
-32.2
-7.0

2100

2020

-3.7
-1.2
-5.4
-5.0
-7.6
-11.5
-12.0
-14.0
-0.3
2.7
-1.4
2.6
-14.4
-5.6

2030

-8.0
-2.9
-6.7
-10.1
-8.1
-8.5

-9.2

2040

-1.3

13
-0.9
-5.5
-1.4

2050 2060 2070

53 12.5 -1.3
6.9 18.4 6.3
55 3.1 -10.7
0.1 12.3 -3.4
4.0 29 -17.2
3.6 46 -18.3
2.5 -7.0  -15.1
17 -125 -27.7
7.4 19.3 7.9
9.0 24.6 16.3
4.9 09 -182
4.5 17.4 6.8
14 -159 -36.6
5.8 9.0 -4.9

SSP4: Save Yourself
2050 2060 2070

53 12.5 -1.3
6.9 18.4 6.3
55 31  -107
0.1 12.3 -3.4
4.0 29  -17.2
3.6 -46 -18.3
2.5 -7.0  -151
17 -125 -27.7
7.4 19.3 79
9.0 24.6 16.3
4.9 09 -182
5.4 14.2 9.0
14 -159 -36.6
5.8 9.0 -4.9

2080

-23.3
-11.8
-61.0
-19.1
-31.4
-32.0
-24.7
-36.6
-12.7

2.0

2080

-23.3
-11.8
-61.0
-19.1
-31.4
-32.0
-24.7
-36.6
-12.7
2.0
-50.9
-0.9
-47.5
-30.7
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Table 18

. Impact of climate change on paddy rice production under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020

-1.2
0.2
-3.6
-2.5
-4.7
-8.5
-6.7
-10.1
0.6
2.1
-4.7
4.6
-10.5
-3.0

2030

06

14
-0.2
-4.7

2040

6.4

2050

14.9
12.6
12.5
5.0
5.6
10.1
-3.4
4.4
11.3
6.6

2060

16.4
20.2
10.9
13.8

2.7

6.1
-4.6
-2.5
20.7
235

7.6
191
-7.8
14.7

2070

3.7
10.0
-1.4
-1.8
-12.7
-6.7
-10.7
-18.2
117
18.6
-11.3
16.5
-30.4
21

SSP3: Civil Society to the Rescue?

2030

2040

5.2
4.6
6.0
0.3
2.3

2050

14.9
12.6
125
5.0
5.6
10.1
-3.4
4.4
11.3
6.6

2060

16.4
20.2
10.9
13.8

2.7

6.1
-4.6
-2.5
20.7
235

7.6
19.1
-7.8
14.7

2070

3.7
10.0
-1.4
-1.8

2080

-14.6
-6.0
-17.7
-15.4
-23.4
-20.0
-15.6
-26.2
-3.0
8.3
-26.5
10.5
-40.0
-15.3

2090

-8.8
-0.2
-8.7
-6.2
-18.1
-8.6
<15
-12.7
2.9
14.3
-19.5
16.4
-39.0
-5.0

2090

2100

0.3
7.7
-0.8
1.9
-2.0
4.7
-1.0
12.4
9.9
19.3
-1.2
15.7
-2.6
4.4

2020

-1.2

0.2
-3.6
-2.5
-4.7
-8.5

-10.1
0.6
2.1

-4.7
4.6
-10.5
-3.0

2030

0.6
1.4
-0.2
-4.7

2040

2050

14.9
12.6
12.5
5.0
5.6
10.1
-3.4
4.4
113
6.6

SSP4: Save Yourself

2050

14.9
12.6
12.5

2060

16.4
20.2
10.9
13.8

2.7

6.1
-4.6
-2.5
20.7
235

7.6
18.7
-7.8
14.7

2060

16.4
20.2
10.9
13.8

2.7

6.1
-4.6
-2.5
20.7
235

7.6
19.1
-7.8
14.7

2070

3.7
10.0
-1.4
-1.8
-12.7
-6.7
-10.7
-18.2
11.7
18.6
-11.3
9.6
-30.4
2.1

2070

3.7
10.0
-1.4
-1.8

2080

-14.6
-6.0
-17.7
-15.4
-23.4
-20.0
-15.6
-26.2
-3.0
8.3
-26.5
-1.9
-40.0
-15.3
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As reported in Tables 19 and 20, climate change will negatively affect the
production of these cereals (i.e. maize, sorghum, and millet) regardless of
climate and socio-economic scenarios. Although the negative impact of
climate change on cereal production is significantly different between RCPs,
it exhibits a similar pattern under SSPs. Indeed, cereal production will
decrease by 0.3-95.8 percent (with an average of 19.5, 20.1, 19.5 and 19.4
percent respectively for SSP1, SSP2, SSP3, and SSP4) under RCP4.5, whilst
it will decrease by 0.2-96.9 percent (with an average of 22.9, 23.0, 22.6, and
22.2 percent respectively for SSP1, SSP2, SSP3, and SSP4) under RCP8.5.
However, climate change also has a positive impact on cereal production in
some countries in ECOWAS. For example, Niger, and Senegal experience an
increase in maize, sorghum, and millet production from 2020 to 2060 under
harsh climate change regardless of socio-economic scenarios. During the
first half of the century, Cote d’Ivoire, Guinea, Liberia, and Sierra Leone
experience a higher drop in cereal production under RCP8.5 than under
RCP4.5, whilst other countries are more negatively affected by moderate
climate change than under harsh climate change. After the mid-century, all
countries seem to be less negatively affected by moderate climate change

than under harsh climate change.

The disparity in climate change impacts on cereal production is also
observed across ACZs. Under SSP1, the production of maize, sorghum, and
millet will benefit from moderate climate change on loamy soils in ACZ 15
from 2020 to 2050 and in ACZ 22 from 2050 to 2060, with an increase of
about 743.39% by 2060. Furthermore, we will observe an increase (an

average increase of about 731.13%) in maize, sorghum, and millet
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production from 2050 to 2065 for sandy soils in ACZ 30 under the harsh
climate change and SSP1.
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Table 19

. Impact of climate change on cereal production under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020

-7.1
-6.1
-5.4
-6.2
-1.4
-1.4
-6.0

0.2
-2.6
29.5
-5.9
-2.7
-1.6
-8.2

2030

-5.4
-5.1
-3.3
-5.2
-5.5

1.6
-4.3

31
-4.3
-1.7
-4.9
-3.1

0.4
-5.9

2040

-9.3
-9.9
-5.8
-10.0
-9.1
-0.7
-6.5
13
-9.2
-6.9
-9.3
-8.0
-0.8
-10.0

2050

-5.0
-4.9
-0.3
-5.0
-5.0

0.0
-8.4
-0.5
-4.2
-2.7
-3.2
-3.3
-3.0
-4.5

2060

-9.7

2070

Civil Society to the Rescue?

2040
-9.3
-9.9
-5.8

-10.0
-9.1

2050
-5.0
-4.9
-0.3
-5.0

2060
-10.2
-3.6
6.8
-4.4
-20.2

2070
-28.8
-18.4
-44.4
-18.6
-32.2

2080

2090

2100

-60.3
-9.0
-11.3
-9.3

2020

-7.1
-4.1
-5.4
-6.5
-1.4
-14
-6.0

0.2

4.4
33.9
-4.6
111
-1.6
-8.2

2030

-6.5
-21.3
-3.3
-23.6
-5.5
1.6

2040

-9.3
-10.0
-5.8
-10.0
-9.1
-0.7
-6.5
13
-9.8
-7.8
-9.5
-9.0
-0.8
-10.0

2050

-5.0
-5.1
-0.3
-5.0
-5.0

0.0
-8.4
-0.5
-4.8
-3.6
-3.3
-4.5
-3.0
-4.5

2060

-10.2
-4.4
6.8
-4.4
-20.2
-18.6
-34.1
-44.8
-1.1
6.9
-4.4
18.7
-82.1
-9.7

2070

SSP4: Save Yourself

2050
-5.0
-4.9
-0.3

2060
-10.2
-3.6
6.8
-4.4
-20.2
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Table 20

. Impact of climate change on cereal production under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020

-4.4
-2.7
-4.9
-2.8
-5.7
-2.5

2020

-4.4
-3.1

-3.3
-5.7
-2.5
-5.2
-1.8

404
37
3.0

-6.1

2030

-2.8
-1.0
-3.3
-0.8
-4.1

2040

-6.6
-5.1
-5.4
-5.0
-7.2
-3.4
-55
-2.7
-4.1

-5.6

2050

5.9
3.7
2.0
3.7
6.6
-3.6
7.7

2060

-16.8
-6.5
-44.7
-7.3
-25.3
-27.0
-33.9
-45.5
11
98.7
-9.7
53
-82.3
-21.9

2070

SSP3: Civil Society to the Rescue?

2030

-2.8
-1.0
-3.3
-0.8
-4.1
-2.7
-3.9
-2.8

0.2

55
-2.0

2.9
-3.0
-4.3

2040

-6.6
5.1
-5.4
-5.0
-7.2
-3.4
-5.5
-2.7

0.6

2050

-5.9
-3.7
-2.0
-3.7
-6.6
-3.6
-1.7
-4.2
-2.4

13
-1.9

1.0
-4.3
-6.7

2060

-16.8
-6.5
-44.7
-7.3
-25.3
-27.0
-33.9
-45.5
11
98.7
-9.7
5.3
-82.3
-21.9

2070

2020

-4.4
-0.7
-4.9
-3.3
-5.7
-2.5
-5.2
-1.8

8.8
43.0
-2.3
17.4
-3.2
-6.1

2030

-2.8
-1.3
-3.3
-0.8
-4.1
-2.7
-3.9
-2.8
-0.9

2040

-6.6
-5.4
-5.4
-5.0
-7.2
-3.4

2050

-5.9
-3.9
-2.0
-3.7
-6.6
-3.6
-1.7
-4.2
-3.3

SSP4: Save Yourself

2050

-5.9
-3.7
-2.0
-3.7
-6.6
-3.6
-1.7
-4.2
-2.4

13
-1.9

1.0
-4.3
-6.7

2060

-16.8
-1.7
-44.7
-7.3
-25.3
-27.0
-33.9
-45.5
-4.5
7.2
-10.9
17.8
-82.3
-21.9

2060

-16.8
-6.5
-44.7
-7.3
-25.3
-27.0
-33.9
-45.5
11
98.7
-9.7
53
-82.3
-21.9

2070

-30.6

2080

-52.3

2080

-52.3
-28.5
-38.0
-28.3
-38.0
-32.1
-54.3
-31.7
-27.5
-22.6
-31.4
-23.5
-36.4
-50.0
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As reported in Table 21, vegetable and fruits production will increase for
almost all countries in ECOWAs, except The Gambia, Niger, and Senegal
under the moderate climate change regardless of socio-economic scenarios.
This increase ranges between 1.8-75.2 percent (with an average of 26.0
percent). Under the moderate climate change, the production of vegetable
and fruits in The Gambia, Niger and Senegal will first decrease until 2060 or
2070, and will increase thereafter until the end of the century. In these
countries, the reduction in vegetable and fruit production ranges between
0.8-21.6 percent (with an average of 6.4 percent), regardless of socio-
economic scenarios. We observe similar trends under the harsh climate
change, except that more countries will experience a decrease in their
productions of vegetable and fruits. Countries like Rep. of Benin, Burkina
Faso, Mali, Niger, Nigeria, Senegal, and Togo will first face a decrease in
their productions ranging between 0.1-10.8 percent (with an average of 3.8
percent), then an increase ranging between 0.5-67.7 percent (with an average
of 29.9 percent) until the end of the century, regardless of socio-economic
scenarios. Other countries such as Cote d’Ivoire, Ghana, Guinea, Guinea-
Bissau, Liberia, and Sierra Leone will exhibit an increase in vegetable and
fruits production oscillating between 1.4-81.2 percent (with an average of

34.2 percent), irrespective of socio-economic scenarios.

The observed disparities of the impact of climate change on production of
vegetable and fruits at the country level also hold at the ACZ level. Indeed,
there are ACZs experiencing a drop in vegetable and fruit production under
both moderate, and harsh climate change. For example, ACZs 17, 19, and 20
experience a decrease in vegetable and fruit production from 2020 to 2030
under SSP1 for both sandy and loamy soils.
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Table 21

. Impact of climate change on vegetable and fruits production under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone

Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020
55

2030
8.5
8.2
113
-0.8
111
16.4
10.6
18.5

7.0
-6.0

6.1
-1.2
19.0

10.4

2040
7.9
7.3

11.9
-2.9
11.8
16.5

2050
3.0
1.8
121
-6.4
12.9
20.1
10.5
31.9

2.0
-6.2

35
-3.8
31.0

7.4

2060
9.1
5.5

25.1
-12.0
27.9
30.6
23.0
46.4
24

-21.6
5.0

-8.8
47.3

15.1

2070
27.8
24.8
43.0

9.1
45.2
48.5
39.7
56.2
22.4

-12.4
25.7

55
59.0

34.8

SSP3: Civil Society to the Rescue?

2030

8.5

8.2
11.3
-0.8
111
16.4
10.6

2040

7.9

7.3
11.9
-2.9
11.8
16.5
10.5

2050

3.0
1.8
121
-6.4
12.9
20.1
105
31.9
2.0
-6.2
35
-3.8
31.0
7.4

2060

9.1
55
25.1
-12.0
279
30.6
23.0

2070

27.8
24.8
43.0
9.1
45.2
48.5
39.7
56.2
22.4
-12.4
25.7
55
59.0
34.8

2080

52.4
51.7
63.8
353
64.0
713
58.1
75.2
47.9

513
22.9
74.6
61.6

2100

20.9
23.7
29.7
25.8
28.0
40.9
24.1
45.6
23.7

28.4
17.3
42.8
31.7

2030
8.5
8.2
113
-0.8
111
16.4
10.6
18.5

7.0
-6.0

6.1
-1.2
19.0

10.4

2050
3.0
1.8
121
-6.4
129
20.1
10.5
31.9

2.0
-6.2

35
-3.8
31.0

7.4

SSP4: Save Yourself

2050

3.0
1.8
121
-6.4
12.9
20.1
10.5
31.9
2.0
-6.2
35
-3.8
31.0
7.4

2060
9.1
55

25.1
-12.0
27.9
30.6
23.0
46.4
2.4

-21.6
5.0

-8.8
47.3

15.1

2060

9.1
55
25.1
-12.0
279
30.6
23.0

2070
27.8
24.8
43.0

9.1
45.2
48.5
39.7
56.2
22.4

-12.4
25.7

55
59.0

348

2070

27.8
24.8
43.0
9.1
45.2
48.5
39.7
56.2
22.4
-12.4
25.7
55
59.0
34.8

2080

52.4
51.7
63.8
353
64.0
713
58.1
75.2
47.9

51.3
22.9
74.6
61.6

2100

20.9
23.7
29.7
25.8
28.0
40.9
241
45.6
237

28.4
17.3
42.8
31.7
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Table 22. Impact of climate change on vegetable and fruits production under RCP8.5

SSP1: Cash, Control & Calories SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin -1.6 -0.1 -2.3 19 7.7 324 59.1 51.3 43.2 -1.6 -0.1 -2.3 19 7.7 32.4 59.1 51.3 43.2
Burkina Faso -1.7 0.0 -1.7 1.0 46 293 590 523 426 -1.7 0.0 -1.7 1.0 46 293 590 523 426
Cote d'lvoire 1.9 2.3 14 9.7 22.7 48.4 68.4 57.7 51.8 1.9 2.3 14 9.7 22.7 48.4 68.4 57.7 51.8
Gambia -9.6 -5.9 -4.1 -2.0 -9.3 16.7 48.4 46.3 30.5 -9.6 -5.9 -4.1 -2.0 -9.3 16.7 48.4 46.3 30.5
Ghana 2.2 25 16 113 254 513 682 565 499 2.2 25 1.6 113 254 513 682 565 499
Guinea 5.6 7.9 7.6 15.2 28.6 55.0 80.0 68.3 62.4 5.6 7.9 7.6 15.2 28.6 55.0 80.0 68.3 62.4
Guinea Bissau 1.4 1.6 -0.1 8.2 19.9 452 64.2 53.4 46.1 14 1.6 -0.1 8.2 19.9 45.2 64.2 53.4 46.1
Liberia 7.4 44 85 196 414 589 787 663 655 7.4 4.4 85 196 414 589 787 663 655
Mali -1.8 0.3 -0.7 17 27 282 599 533 395 -1.8 0.3 -0.7 1.7 27 282 599 533 395
Niger -4.9 -7.8 -2.3 -29 -10.8 0.5 17.9 18.2 14.9 -4.9 -7.8 -2.3 -29 -10.8 0.5 17.9 18.2 14.9
Nigeria -3.7 0.0 -0.5 3.7 51 324 624 546 427 -3.7 0.0 -0.5 3.7 51 324 624 546 427
Senegal -8.7 -4.5 -1.8 0.9 -8.0 86 283 255 200 -8.7 -4.5 -1.8 0.9 -8.0 86 285 257 244
Sierra Leone 8.8 7.3 70 208 41.0 642 812 673 622 8.8 7.3 70 208 410 642 812 673 622
Togo -0.1 0.9 -0.3 4.9 139 390 677 60.0 545 -0.1 0.9 -0.3 49 139 390 67.7 600 545

SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin -1.6 -0.1 -2.3 19 7.7 324 59.1 51.3 432 -1.6 -0.1 -2.3 1.9 7.7 324 59.1 51.3 43.2
Burkina Faso -1.7 0.0 -1.7 1.0 46 293 59.0 523 426 -1.7 0.0 -1.7 1.0 46 293 590 523 426
Cote d'lvoire 19 2.3 14 9.7 22.7 48.4 68.4 57.7 51.8 1.9 2.3 1.4 9.7 22.7 48.4 68.4 57.7 51.8
Gambia -9.6 -5.9 -4.1 -2.0 -9.3 16.7 48.4 46.3 30.5 -9.6 -5.9 -4.1 -2.0 -9.3 16.7 48.4 46.3 30.5
Ghana 2.2 25 1.6 11.3 254 51.3 68.2 56.5 49.9 2.2 25 1.6 11.3 254 51.3 68.2 56.5 49.9
Guinea 5.6 7.9 7.6 15.2 28.6 55.0 80.0 68.3 62.4 5.6 7.9 7.6 15.2 28.6 55.0 80.0 68.3 62.4
Guinea Bissau 14 1.6 -0.1 8.2 19.9 452 64.2 53.4 46.1 1.4 1.6 -0.1 8.2 19.9 45.2 64.2 53.4 46.1
Liberia 7.4 4.4 8.5 19.6 41.4 58.9 78.7 66.3 65.5 7.4 4.4 8.5 19.6 41.4 58.9 78.7 66.3 65.5
Mali -1.8 0.3 -0.7 17 2.7 28.2 59.9 53.3 39.5 -1.8 0.3 -0.7 17 2.7 28.2 59.9 53.3 39.5
Niger -4.9 -7.8 -2.3 -29 -10.8 0.5 17.9 18.2 14.9 -4.9 -7.8 -2.3 -29 -10.8 0.5 17.9 18.2 14.9
Nigeria -3.7 0.0 -0.5 3.7 5.1 324 62.4 54.6 42.7 -3.7 0.0 -0.5 3.7 5.1 324 62.4 54.6 42.7
Senegal -8.7 -4.5 -1.8 0.9 -8.0 86 283 255 200 -8.7 -4.5 -1.8 0.9 -8.0 86 283 255 200
Sierra Leone 8.8 7.3 7.0 20.8 41.0 64.2 81.2 67.3 62.2 8.8 7.3 7.0 20.8 41.0 64.2 81.2 67.3 62.2
Togo -0.1 0.9 -0.3 4.9 139 390 677 60.0 545 -0.1 0.9 -0.3 49 139 390 67.7 600 545
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Both moderate, and harsh climate change will hamper oilseeds production in
all the countries at least for some years (Tables 23, and 24). Under the
moderate climate change, countries like Burkina Faso, The Gambia, Mali,
Nigeria and Senegal will experience a decrease in oilseeds production all
over the study period ranging between 3.5-81.6 percent for SSPs 1, 3 and 4
(with an average of 18.7, 19.6 and 20.3 percent respectively for SSP1, SSP3
and SSP4), and between 2.9-92.6 percent (with an average of 24.6 percent)
for SSP2. For these countries, a similar trend is observed for the harsh
climate change, except that the impact is now ranged between 0.7-81.7
percent (with an average of about 22.5 percent) for SSPs 1, 3 and 4, and
between 0.7-92.9 percent (with an average of 31.2 percent) for SSP2. Other
countries such as Rep. of Benin, Cote d’Ivoire, Ghana, Guinea, guinea
Bissau, Liberia, Sierra Leone and Togo exhibit a climate change impact on
oilseeds production having a U-shape form under moderate climate change
regardless of socio-economic scenarios. Indeed, these countries will first
experience a decrease in oilseeds production ranging between 0.5-39.2
percent (with an average of 7.6 percent) and then an increase ranging
between 1.4-82.3 percent (with an average of 25.4 percent), except Sierra
Leone and Liberia, which will experience an increase of more than 100
percent. For these countries, except Sierra Leone and Liberia, the
production of oilseeds will fluctuate between -38.1 percent and 49.7 percent
(with an average of 0.73 percent) for SSPs 1, 3 1nd 4, and between -38.1
percent and 50.5 percent (with an average of 0.75 percent) for SSP2 under

harsh climate change.

Moderate and harsh climate change will also have differentiated impacts at
ACZ level. For example, oilseeds production rises at an exponential rate on

clay soils in ACZ 27 under SSP1 from 2055 until the end of the century
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under RCP4.5, and until 2095 under RCP8.5 (the average increased rate is
1765.81%, and 1791.17%, respectively under RCP4.5 and RCP8.5).
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Table 23

. Impact of climate change on oil seeds production under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020

-1.4
-5.2
-0.5
-6.2
-2.0
-2.0
-2.9
-5.9
-8.0
-9.2
-6.1
-8.7
-5.8
-1.5

2020

2030 2040 2050 2060 2070

-7.2 -6.5 -15.7 -17.8 -9.6
-11.4 -8.6 -18.2 -30.4 -24.1
-2.3 -5.1 -13.9 -21.3 -39.2
-12.2 -84 -194 -25.5 -21.1

-0.9 -3.6 -7.8 73 153
-1.7 -3.7 -8.9 -3.0 10.9
-4.8 -5.0 -5.3 3.2 133

-3.1 -3.7 -3.7 2049 6142
-12.9 -7.2 -17.1 -47.4 -38.1
-13.5 -6.7 -16.9 -81.6 -34.2
-10.7 -8.0 -18.0 -26.2 -24.4

-13.4 -7.1 -17 -32.6 -41.8
-3.6 -3.9 -2.9 1484 2995
-5.9 -4.8 -16 -16.6 -7.9

SSP3: Civil Society to the Rescue?
2030 2040 2050 2060 2070

-7.2 -6.5 -15.7 -17.8 -9.6
-11.4 -8.6 -18.2 -30.4 -24.1
-2.3 -5.1  -139 -21.3 -39.2
-12.2 -84 -194 -25.5 -21.1
-0.9 -3.6 -7.8 7.3 15.3
-1.7 -3.7 -8.9 -3.0 10.9
-4.8 -5.0 -5.3 3.2 13.3
-3.1 -3.7 -3.7 2049 6142
-12.9 -7.2 -17.1 -47.4 -38.1
-13.5 -6.7 -16.9 -81.6 -34.2
-10.7 -8.0 -18.0 -26.2 -24.4

-13.4 -7.1 -17 -32.6 -41.8
-3.6 -3.9 -29 1484 2995
-5.9 -4.8 -16 -16.6 -7.9

2080

18.9
-11.1
-28.0

9.1

151

45.7

19.8

952.4
-25.9
-27.7

-8.8

-26.5
390.4
14.0

2080

18.9
-11.1
-28.0

9.1

15.1

45.7

19.8

952.4
-25.9
-27.7

-8.8

-26.5
390.4
14.0

2090

55.4
4.4
31.2
35
18.7
82.3
23.4
1597.1
211
241
5.4
228
520.6
353

2090

55.4
4.4
31.2
35
18.7
82.3
23.4
1597.1
211
241
5.4
228
520.6
35.3

2100

69.4
-16.4
6.2
-13.8
1.4
24.1
17.8
1164.5
-37.7
-27.4
-14.8
-47.7
261.1
30.7

2100

69.4
-16.4
6.2
-13.8
1.4
24.1
17.8
1164.5
-37.7
-27.4
-14.8
-47.7
261.1
30.7

2020

-1.4
-5.2
-0.5
-6.2
-2.0
-2.0
-2.9
-5.9
-8.0
-9.2
-6.1
-8.7
-5.8
-1.5

2020

2030

7.2
-11.4
2.3
-12.2
-0.9
1.7
4.8
3.1
-12.9
-13.5
-10.7
-13.4
3.6
-5.9

2030

-7.2
-11.4
-2.3
-12.2
-0.9
-1.7
-4.8
-3.1
-12.9
-13.5
-10.7
-13.4
-3.6
-5.9

2040

2040

-6.5

-5.1
-8.4
-3.6
-3.7
-5.0
-3.7

-6.7
-8.0
-7.1
-3.9
-4.8

2050 2060 2070

-15.7 -17.8 -9.6
-18.3 -28.7 -23.8
-13.9 -21.3 -39.2
-19.4 -25.5 -21.1

-7.8 7.3 153
-8.9 -3.0 10.9
-5.3 3.2 133

-3.7 2049 6142
-17.4 -45.6 -59.4
-16.9 -70.6 -89.8
-18.1 -24.3 -23.3
-17.6 -36.9 -29.5

-2.9 1484 2995

-16 -16.6 -7.9

SSP4: Save Yourself
2050 2060 2070

-15.7 -17.8 -9.6
-18.2 -30.4 -24.1
-13.9 -21.3 -39.2
-19.4 -25.5 -21.1
-7.8 7.3 15.3
-8.9 -3.0 10.9
-5.3 3.2 13.3
-3.7 2049 614.2
-17.1 -47.4 -38.1
-16.9 -81.6 -34.2
-18.0 -26.2 -24.4
-17 -32.6 -41.8
-2.9 1484 2995
-16 -16.6 -7.9

2080

18.9
-17.7
-28.0

9.1

15.1

45.7

19.8

952.4
-74.4
-91.0
-18.0
-80.0

390.4

14.0

2080

18.9
-11.1
-28.0

9.1

15.1

45.7

19.8

952.4
-25.9
-27.7

-8.8

-26.5
390.4
14.0

2090

55.8
29
31.2
34
18.7
823
234
1597.1
-60.7
-92.6
15.6
233
520.6
353

2090

55.4
-6.4
31.2
-3.5
18.7
82.3
234
1597.1
-33.5
-27.2
19
-42.5
520.6
353

2100

70.1
-13.3

-13.7
14
24.1
17.8
1164.5
-54.6
-89.9

-23.7
261.1
30.7

2100

69.4
-16.4
6.2
-13.8
1.4
24.1
17.8
1164.5
-37.7
-27.4
-14.8
-47.7
261.1
30.7
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Table 24

. Impact of climate change on oil seeds production under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2030

-4.8
-10.9
0.2
-8.9
-1.7
-0.7
-3.4
2.4
-19.9
-23.0
-9.9
-21.7
0.6
-1.3

2040

-9.9
-12.4
-7.1
-10.1
-9.0
-8.4
-11.2
-4.7
-15.9
-17.4
-11.6
-16.8
-6.3
-1.2

2040

-9.9
-12.4
-1.1
-10.1

2050

-16.3
-21.0
-15.9
-19.8
-15.6
-14.8
-17.6

-9.6
-25.1
-24.0
-22.8
-25.0
-10.8
-14.9

2050

-16.3
-21.0
-15.9
-19.8
-15.6
-14.8
-17.6

-9.6

2060

-14.7
-25.6
-0.8
-21.9
8.9
0.1
-3.8
161.3
-46.8
-81.7
-20.4
-33.3
115.2
-13.1

2060

-14.7
-25.6

-0.8
-21.9

2070

-5.2
-19.4
-38.1
-17.1
16.2
134
12.8
654.6
-28.5
-29.1
-18.2
-28.3
316.7

-2.8

SSP3: Civil Society to the Rescue?

2070

-5.2
-19.4
-38.1
-17.1

16.2

134

12.8

654.6

2080

-16.3
-28.6
-13.4
13.4
45.8
22.3
1032.7
-27.6
-28.9
-10.6
-28.0
423.4
10.4

2080

144
-163
-28.6
-13.4

13.4
458
223

1032.7
276
-28.9
-10.6
-28.0

4234
104

2090

-21.1
-20.7
-18.7
4.2
38.7
23.2
1590.3
-26.6
-27.0
-11.6
-26.8
519.7
17.3

2090

29.9
-21.1
-20.7
-18.7

38.7
23.2
1590.3
-26.6
-27.0
116
-26.8
519.7
17.3

2100

49.7
-30.1
-10.0
-25.5
-14.9

-9.4

14.1

-2.8
-50.2
-36.5
-35.9
-57.7
-6.0
17.2

2100

49.7
-30.1
-10.0
-25.5
-14.9

-9.4

14.1

-2.8
-50.2
-36.5
-35.9
-57.7
-6.0
17.2

2030

-4.8
-16.5
0.2
-8.9
-1.7
-0.7
-3.4
2.4
-45.7
-41.4
-13.6
-59.7
0.6
-1.3

2030

-4.8
-10.9
0.2
-8.9
-1.7
-0.7
-3.4
2.4
-19.9
-23.0
-9.9
-21.7
0.6
-1.3

2040

-9.9
-12.0
-7.1
-10.1
-9.0
-8.4
-11.2
-4.7
-15.7
-19.3
-11.2
-15.5
-6.3
-1.2

2040

9.9
-12.4
71
-10.1
-9.0
8.4
112
-47
-15.9
-17.4
-116
-16.8
-6.3
7.2

2050

2060

-14.7
-23.1
-0.8
-21.9
8.9
0.1
-3.8
161.3
-42.6
-70.6
-17.5
-35.8
115.2
-13.1

SSP4: Save Yourself

2060

-14.7
-25.6

-0.8
-21.9

2070

-5.2
-20.6
-38.1
-17.1

16.2

134

12.8
654.6
-57.9
-89.3
-18.8
-26.7
316.7

-2.8

2070
-5.2

2080

-23.0
-28.6
-13.4
13.4
45.8
22.3
1032.7
-75.5
-91.3
-19.7
-80.8
423.4
10.4

2090

29.9
-21.1
-20.7
-18.7

38.7
23.2
1590.3
-26.6
-27.0
-11.6
-26.8
519.7
17.3
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As reported in Tables 25 and 26, sugarcane production will increase in most
of the years under both moderate and harsh climate change for all countries
except Liberia and Sierra Leone. This trend does not depend on socio-
economic scenarios. Except for Liberia, Sierra Leone, Guinea-Bissau and
Nigeria, the increase in sugarcane production is ranged between 0.5-78.7
percent (with an average of 22.8 percent) under RCP4.5, and between 1.3-
64.2 percent (with an average of 26.4 for SSPs 1, 3 and 4, and an average of
27.0 percent for SSP2) under RCP8.5. Guinea-Bissau and Nigeria will
exhibit an increase in sugarcane production that will exceed 100 percent in
some years depending on climate and socio-economic scenarios. Liberia and
Sierra Leone will experience a decrease in sugarcane production until 2060,
and thereafter the production will increase until 2095 under both moderate
and harsh climate change, regardless of socio-economic scenarios. However,
the observed U-shape form will stand between -17.1 percent and 31.1
percent for the moderate climate change, and between -13.4 percent and 23.2
percent for the harsh climate change. The heterogeneity of climate change
impacts on sugarcane production is also observed at ACZ level. For
example, on loamy soils in ACZ 9, the sugarcane production will decrease in
almost all years under both moderate and harsh climate change coupled with
SSP1.

As reported in Tables 27 and 28, almost all countries in ECOWAS region
will experience a decrease in cotton production between 2050 and 2060,
regardless of climate and socio-economic scenarios. This decrease in cotton
production will range between 1.3-17.4 percent (with an average of 7.2

percent for SSPs 1, 3 and 4, and an average of 6.2 percent for SSP 2) under
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RCP4.5, and between 0.1-13.9 percent (with an average of 6.0 percent for
SSPs 1, 3 and 4, and an average of 5.3 percent for SSP2) under RCP8.5.
Cotton production will decrease in Burkina Faso, Mali, Niger, and Senegal
between 2020 and 2060, irrespective of climate and socio-economic
scenarios. However, this decrease in cotton production ranges between 1.3-
26.1 percent for SSP1, 1.6-67.7 percent for SSP2, 1.3-29.1 percent for SSP3
and 1.3-21.0 percent for SSP4 under RCP4.5, whilst it ranges between 3.4-
55.9 percent for SSP1, 4.3-68.7 percent for SSP2, 3.4-55.9 percent for SSP3
and 3.4-17.4 percent for SSP4 under RCP8.5.
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Table 25. Impact of climate change on sugarcane production under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 21 134 53 150 230 40.1 21.6 204 24.4 2.1 134 53 150 230 40.1 216 204 244
Burkina Faso 9.7 17.9 6.4 145 481 57.3 431 36.9 26.5 9.7 17.9 6.4 145 481 57.3 43.1 36.9 26.5
Cote d'lvoire -2.0 7.0 11 91 167 31.6 14.0 12.6 11.6 -2.0 7.0 11 91 167 316 14.0 12.6 116
Ghana 05 11.8 41 120 226 36.0 16.3 144 14.1 05 11.8 41 120 226 36.0 16.3 14.4 141
Guinea -3.1 3.8 -2.7 3.7 113 28.1 11.9 11.2 9.4 -3.1 3.8 -2.7 37 113 28.1 11.9 11.2 9.4
Guinea Bissau 29 14.0 93 199 352 1302 106.7 99.6 94.8 29 14.0 93 199 352 1302 106.7 99.6 94.8
Liberia -17.1 -127 -104 82  -6.8 235 54 3.4 -36 -171  -127 -104 -82 -68 235 5.4 34 -3.6
Mali 18.0 22.1 79 172 730 78.7 68.2 54.5 342 180 221 79 172 730 78.7 68.2 54.5 34.2
Niger 18.0 22.1 79 172 730 78.7 68.2 54.5 342 180 221 79 172 730 78.7 68.2 54.5 34.2
Nigeria 112 1204 53 148 604 3605 3177 3518 3270 112 1204 53 148 604 3605 3177 3518 327.0
Senegal 55 9.0 15 52 289 30.6 23.0 20.9 10.4 55 9.0 15 52 289 30.6 239 215 317
Sierra Leone -16.8  -12.3 -9.7 72 49 31.1 12.3 9.7 19 -168 -123 97 712 49 311 12.3 9.7 1.9
Togo -0.2 10.2 35 124 206 35.9 17.7 16.1 17.2 -0.2 10.2 35 124 206 359 17.7 16.1 17.2

SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 21 134 53 150 230 40.1 21.6 20.4 24.4 2.1 134 53 150 230 40.1 21.6 20.4 24.4
Burkina Faso 9.7 17.9 6.4 145 481 57.3 431 36.9 26.5 9.7 179 6.4 145 481 57.3 43.1 36.9 26.5
Cote d'lvoire -2.0 7.0 11 91 167 31.6 14.0 12.6 11.6 -2.0 7.0 11 91 167 316 14.0 12.6 11.6
Ghana 0.5 11.8 41 120 226 36.0 16.3 14.4 14.1 05 11.8 41 120 226 36.0 16.3 144 141
Guinea -3.1 38 -2.7 3.7 113 28.1 11.9 11.2 9.4 -3.1 3.8 -2.7 3.7 113 28.1 11.9 11.2 9.4
Guinea Bissau 29 14.0 93 199 352 1302 106.7 99.6 94.8 29 14.0 93 199 352 1302 106.7 99.6 94.8
Liberia -17.1 -127 -104 82  -6.8 235 54 34 -36 -171  -127 -104 -82 -68 235 5.4 34 -3.6
Mali 18.0 22.1 79 172 730 78.7 68.2 54.5 342 180 221 79 172 730 78.7 68.2 54.5 34.2
Niger 18.0 22.1 79 172 730 78.7 68.2 54.5 342 180 221 79 172 730 78.7 68.2 54.5 34.2
Nigeria 112 1204 53 148 604 3605 3177 351.8 3270 112 1204 53 148 604 3605 3177 3518 327.0
Senegal 55 9.0 15 52 289 30.6 23.0 20.9 104 55 9.0 15 52 289 30.6 23.0 209 10.4
Sierra Leone -16.8  -12.3 -9.7 72 49 31.1 12.3 9.7 19 -168 -123 97 712 49 311 12.3 9.7 1.9
Togo -0.2 10.2 35 124 206 35.9 17.7 16.1 17.2 -0.2 10.2 35 124 206 359 17.7 16.1 17.2
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Table 26

. Impact of climate change on sugarcane production under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin -09 100 142 245 297 411 29.9 36.7 31.2 -0.9 100 142 245 297 41.1 29.9 36.7 31.2
Burkina Faso 6.1 17.1 8.5 19.6 415 52.2 44.8 49.4 40.4 6.1 171 8.5 19.6 41.5 52.2 44.8 49.4 40.4
Cote d'lvoire 1.7 11.2 114 15.2 22.0 331 26.3 31.8 34.6 17 11.2 114 15.2 22.0 33.1 26.3 31.8 34.6
Ghana -0.3 111 103 185 26.8 39.3 30.1 35.9 336 -03 111 103 185 268 39.3 30.1 35.9 33.6
Guinea 2.2 9.8 8.0 7.6 14.3 27.3 24.1 311 35.8 2.2 9.8 8.0 7.6 14.3 27.3 24.1 31.1 35.8
Guinea Bissau 14 11.5 15.3 26.3 376 1308 1164 1214 105.3 14 115 15.3 26.3 37.6 130.8 1164 1214 1053
Liberia -13.4 -8.9 -4.9 -9.3 -4.7 15.9 10.1 8.0 75 -134 -8.9 -4.9 -9.3 -4.7 15.9 10.1 8.0 7.5
Mali 14.9 25.0 9.7 215 56.9 64.2 57.8 58.6 45.5 149 25.0 9.7 215 56.9 64.2 57.8 58.6 455
Niger 149 250 9.7 215 569 64.2 57.8 58.6 455 149 250 97 215 56.9 64.2 57.8 58.6 455
Nigeria 60 219 129 223 522 3476 3110 3409 43.8 6.0 219 129 223 522 3476 311.0 3409 43.8
Senegal 7.2 11.2 -3.1 3.3 16.7 20.4 12.1 15.8 6.9 7.2 11.2 -3.1 3.3 16.7 18.6 12.9 -20.3 42.8
Sierra Leone -13.3 -8.7 -4.6 -8.5 -3.2 23.2 16.9 14.3 127  -133 -8.7 -4.6 -85 -3.2 232 16.9 14.3 12.7
Togo 1.3 11.9 134 20.2 26.9 38.1 29.2 34.7 339 1.3 11.9 13.4 20.2 26.9 38.1 29.2 34.7 33.9

SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin -0.9 10.0 14.2 245 29.7 411 29.9 36.7 31.2 -0.9 10.0 14.2 24.5 29.7 41.1 29.9 36.7 31.2
Burkina Faso 6.1 17.1 8.5 19.6 415 52.2 44.8 49.4 40.4 6.1 171 8.5 19.6 41.5 52.2 44.8 49.4 40.4
Cote d'lvoire 1.7 11.2 114 15.2 22.0 331 26.3 31.8 34.6 1.7 11.2 114 15.2 22.0 33.1 26.3 31.8 34.6
Ghana -0.3 111 10.3 185 26.8 39.3 30.1 35.9 33.6 -0.3 111 10.3 185 26.8 39.3 30.1 35.9 33.6
Guinea 2.2 9.8 8.0 7.6 14.3 27.3 241 311 35.8 2.2 9.8 8.0 7.6 14.3 27.3 24.1 31.1 35.8
Guinea Bissau 14 11.5 15.3 26.3 376 1308 1164 1214 1053 14 115 15.3 26.3 376 130.8 1164 1214 1053
Liberia -13.4 -8.9 -4.9 -9.3 -4.7 15.9 10.1 8.0 75 -134 -8.9 -4.9 -9.3 -4.7 15.9 10.1 8.0 7.5
Mali 14.9 25.0 9.7 215 56.9 64.2 57.8 58.6 45.5 14.9 25.0 9.7 215 56.9 64.2 57.8 58.6 455
Niger 149 250 9.7 215 569 64.2 57.8 58.6 455 149 250 9.7 215 56.9 64.2 57.8 58.6 455
Nigeria 6.0 21.9 12.9 22.3 522 347.6 311.0 340.9 43.8 6.0 21.9 12.9 22.3 522 3476 311.0 3409 43.8
Senegal 7.2 11.2 -3.1 3.3 16.7 20.4 12.1 15.8 6.9 7.2 11.2 -3.1 3.3 16.7 20.4 12.1 15.8 6.9
Sierra Leone -13.3 -8.7 -4.6 -85 -3.2 23.2 16.9 14.3 12.7 -133 -8.7 -4.6 -8.5 -3.2 23.2 16.9 14.3 12.7
Togo 1.3 11.9 134 20.2 26.9 38.1 29.2 34.7 33.9 13 11.9 13.4 20.2 26.9 38.1 29.2 34.7 33.9
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Table 27

. Impact of climate change on cotton production under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Mali

Niger

Nigeria
Senegal

Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Mali

Niger

Nigeria
Senegal

Togo

2020

2020

17
-6.7
0.5
0.5
0.9
6.2
21
-6.6
-125
0.2
-26.1
0.9

2030

8.8
-1.4

2040

0.2
-3.3
-2.0
-2.1
-0.7
-0.1

0.2
-3.4
-5.3
-1.9
-5.8
-0.9

SSP3: Civil

2040

0.2
-3.3
-2.0
-2.1
-0.7
-0.1

0.2
-3.4
-5.3
-1.9
-5.8
-0.9

2050

-5.1
-11.8
-7.0
-9.1
-6.8
-9.1
-2.7
-12.1
-13.9
-9.2
-13.7
-6.2

2060

3.2
-18.4
13
-3.3

-6.9
-19.7
2.4

2070

101.6
52.8
234.9
36.1
162.3
115.0
61.1
57.9
-8.1
618.1
-8.4
84.5

Society to the Rescue?

2050

-5.1
-11.8
-7.0
-9.1
-6.8
-9.1
-2.7
-12.1
-13.9
-9.2
-13.7
-6.2

2060

3.2
-18.4
13
-3.3
1.2
3.2
6.4
-19.0
-21.0
-6.9
-19.7
2.4

2070

101.6
52.8
234.9
36.1
162.3
115.0
61.1
57.9
-8.1
618.1
-8.4
84.5

2080

416.9

97.2
522.0

59.5
279.7
236.8
461.5
1117

2080
416.9

522.0

59.5
279.7
236.8
461.5
1117

1555.8
0.4
1435

2090

284.3
447
434
41.8

170.3
57.9

318.1
38.8

0.1

118.3
-6.0

109.0

2100
114.9

2020

2020

17
-6.7

0.5
0.9
6.2

-6.6
-12.5

-11.1
0.9

2030

8.8
-35.1

2040

0.2
-1.6
-2.0
2.1
-0.7
-0.1

0.2
-1.8
-5.3
-1.8
-4.2
-0.9

2050 2060 2070 2080

5.1 32 1016 416.9
-9.2  -10.0 303.1 556.5
-7.0 1.3 2349 522.0
-9.1 -3.3 36.1 59.5
-6.8 12 1623 279.7
-9.1 32 1150 236.8
-2.7 6.4 61.1 461.5
-9.4  -11.3  408.5 857.3
-139 -21.0 -8.1 6.8
-8.5 -2.6  899.8 2673.1
-10.0 -6.5 345 59.1
-6.2 2.4 84.5 1435

SSP4: Save Yourself
2050 2060 2070 2080

-5.1 32 1016 416.9
-11.8  -184 52.8 97.2
-7.0 13 2349 522.0
-9.1 -3.3 36.1 59.5
-6.8 12 1623 279.7
-9.1 32 1150 236.8
-2.7 6.4 61.1 461.5
-121 -19.0 57.9 111.7
-139 -21.0 -8.1 6.8

-9.2 -6.9 618.1 1555:8
-137  -197 -8.4 -0.4

-6.2 2.4 84.5 1435

2090

284.3
311.1
43.4
41.8
170.3

318.1
389.2

0.1
243.7
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Table 28

. Impact of climate change on cotton production under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Mali

Niger
Nigeria
Senegal

Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Mali

Niger

Nigeria
Senegal

Togo

2020

0.9
-31.5
1.9
2.0
13
6.7
11
-30.8
-55.9
-0.5
-39.1
1.4

2020

0.9
-315
1.9
2.0
13
6.7

-30.8
-55.9
-0.5
-39.1
14

-3.4
-11.5
6.6
-8.7
7.3

2040

-1.8
-1.5
-1.9
-2.3
-1.5
2.9
-1.6
-7.5
-11.2
-2.6
-10.9
-1.3

2050

-14.5
-6.9
-9.5
-1.2
-6.7
-2.9

-14.9

-17.4

-10.2

-14.8
-6.3

2060

-19.5
28.0

2070

102.3
53.0
237.1
37.9
165.7
114.7
58.5
57.8
-10.2
627.5
-6.9
85.2

SSP3: Civil Society to the Rescue?

2030

6.5
-3.6

2040

-1.8
-1.5
-1.9

2050

-5.8
-14.5
-6.9
-9.5
-7.2
-6.7
-2.9
-14.9
-17.4
-10.2
-14.8
-6.3

2060

2070

102.3
53.0
237.1
37.9
165.7
114.7
58.5
57.8
-10.2
627.5
-6.9
85.2

2080

415.1
67.2
223.6
64.8
227.8
141.0
450.5
67.0
-0.8
627.3
-4.2
140.0

2080
415.1

223.6
64.8
227.8
141.0
450.5
67.0
-0.8
627.3

140:0

2090

357.0
43.0
101.2
41.9
185.1
88.8
467.3
39.0
-7.0
299.4
-12.6
116.1

2090
357.0

101.2
419
185.1
88.8
467.3
39.0

299.4
1256
116.1

2100

116.0
20.7
17.1
17.2

135.7
37.9
16.4
15.7

-16.9
85.8

-16.8
71.8

2030

6.5
-36.3
7.4
7.3
7.1
145
6.5
-35.6
-68.7
4.2
-31.8
7.3

2030

6.5
-3.6
7.4
7.3
7.1
145
6.5
-3.4
-11.5
6.6
-8.7
7.3

2040

-1.8
-4.3
-1.9
-2.3
-1.5
2.9
-1.6
-4.3
-11.2
-2.2
-7.2
-1.3

2040

-1.8
-1.5
-1.9
-2.3
-1.5
2.9
-1.6
-7.5
-11.2
-2.6
-10.9
-1.3

2050

-5.8
-10.9
-6.9
-9.5
-1.2
-6.7
-2.9
-11.1
-17.4
-9.1
-10.5
-6.3

SSP4: Save Yourself

2050

-5.8
-14.5
-6.9
-9.5
-7.2
-6.7
-2.9
-14.9
-17.4
-10.2
-14.8
-6.3

2060

32.8
92.1

28.0

2060

2070

102.3
312.1
237.1
37.9
165.7
1147
58.5
419.1
-10.2
914.5
34.8
85.2

2070

102.3
53.0
237.1
37.9
165.7
114.7
58.5
57.8
-10.2
627.5
-6.9
85.2

2080

415.1
412.5
223.6
64.8
227.8
141.0
450.5
548.7
-0.8
1080.4
60.3
140.0

2080
415.1

223.6
64.8
227.8
141.0
450.5
67.0
-0.8
627.3

140:0

2090

357.0
342.3
101.2

185.1

88.8
467.3
456.0

624.4
445
116.1

2090
357.0

101.2
41.9
185.1
88.8
467.3
39.0
-7.0
299.4
-12.6
116.1
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Depending on climate and socio-economic scenarios, only Senegal and Niger
will exhibit a decrease in cotton production 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 climate and socio-economic
scenarios. The direction of the impacts also varies across ACZs. For
example, both loamy and sandy soils in ACZ 17 experience a decrease in
cotton production from 2020 to the end of the century under both moderate,
and harsh climate change coupled with SSP1.

As reported in Table 29, countries in ECOWAS region will exhibit a
decrease in production of cocoa, coffee, and sesame in all years except in
2050 and 2060 under the moderate climate change, regardless of socio-
economic scenarios. This decrease ranges between 1-21.2 percent (with an
average of 7.37 percent). Except Guinea, Liberia, Sierra Leone, and Togo,
countries other countries in ECOWAS region will experience an increase in
cocoa, coffee and sesame production in 2050 and 2060 ranging between 2-
8.1 percent (with an average of 4.5), under the moderate climate and
regardless of socio-economic scenarios. Under the harsh climate change, all
countries in ECOWAS will exhibit a decrease in cocoa, coffee, and sesame
production at the beginning of the study period (2020) and by the end of the
century (2070, 2080, 2090 and 2100) and this will range between land 17.1
percent (with an average of 9.2 percent), regardless of the socio-economic
scenarios. For the other years, cocoa, coffee and sesame production in
ECOWAS countries will either increase or decrease, with changes ranging
between -6.9 percent and 7.9 percent (with an average of 2.1 percent),
regardless of socio-economic scenarios. It appears that the negative impact

of climate change on cocoa, coffee, and sesame production is moderate
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under the hard climate than under the harsh climate change. The impacts of
climate change on cocoa, coffee, and sesame production also vary across
ACZs. For instance, clay soils in ACZ 22, and sandy soils in ACZ 33
experience an increase in cocoa, coffee, and sesame production under both
moderate, and harsh climate change coupled with SSP1 from 2050 to 2065.
Overall, the impacts of climate change vary across countries or across
geographic units as predicted by a previous study (Mendelsohn et al., 2006;
Seo et al., 2009; Medellin-Azuara et al., 2011). Moreover, climate impacts
do not differ only in terms of the direction of the impacts, but also in terms

of the magnitude of the impacts.
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Table 29. Impact of climate change on cocoa, coffee, and sesame production under RCP4.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal
Sierra Leone
Togo

2020

-2.3
-1.0
-2.1
-2.3
-1.9
-5.3
-9.9
-2.3
-1.6
-1.6
-10.1
-5.0

2020

-2.3
-1.0
-2.1
-2.3
-1.9
-5.3
-9.9
-2.3
-1.6
-1.6
-10.1
-5.0

2030

-2.3

-2.7

2040

-2.6

28

2050

-0.4

2060

8.1
7.6
3.3
8.1
35
-1.6

7.8
84
0.1

2070

-1.1
-1.3
-6.4
-1.1
-6.1
-11.0
-14.9
-1.1
-5.5
-1.2
-14.6
-9.7

SSP3: Civil Society to the Rescue?

2030

-1.3
-2.3
-0.4
-1.3
-0.3
-2.7
-5.6
-1.3
-0.1
-1.8
-5.4
-2.7

2040

-2.8
-2.6
-1.1
-2.8
-0.9
-2.7
-3.8
-2.8
-0.8
-2.7
-3.8
-2.8

2050

3.4
2.4
2.0
3.4
2.2
-1.0
-3.9
3.4
25
2.9
-4.2
-0.4

2060

8.1
7.6
33
8.1
35
-1.6
-8.7
8.1
4.1
7.8
-8.4
-0.1

2070

-1.1
-1.3
-6.4
-1.1
-6.1

2080

-16.0
-16.0
-17.7
-16.0
-17.6
-19.6
-21.2
-16.0
-17.3
-16.0
-20.7
-19.2

2090

2100

-7.1
-7.2
-6.4
-7.1
-6.3
-6.9
-1.5
-7.1
-6.2
-7.1
-7.3
-6.9

2100

-7.1
-7.2
-6.4
-7.1
-6.3
-6.9
-1.5
-7.1
-6.2
-7.1
-7.3
-6.9

2020

-2.3
-1.0
-2.1
-2.3
-1.9
-5.3
-9.9
-2.3
-1.6
-1.6
-10.1
-5.0

2030

-2.3

2040

-2.6

2050 2060 2070

3.4 8.1 -1.1
2.4 7.6 -1.3
2.0 3.3 -6.4
3.4 8.1 -1.1
2.2 35 -6.1
-1.0 -1.6  -11.0
-3.9 -8.7 -149
3.4 8.1 -1.1
25 4.1 -5.5
2.9 7.8 -1.2
-4.2 -84 -146
-0.4 -0.1 -9.7

SSP4: Save Yourself
2050 2060 2070

3.4 8.1 -1.1
2.4 7.6 -1.3
2.0 33 -6.4
3.4 8.1 -1.1
2.2 35 -6.1
-1.0 -16  -11.0
-3.9 -8.7 -149
3.4 8.1 -1.1
25 4.1 -5.5
29 7.8 -1.2
-4.2 -84 -146
-0.4 -0.1 -9.7

2080

-16.0
-16.0
-17.7
-16.0
-17.6
-19.6
-21.2
-16.0
-17.3
-16.0
-20.7
-19.2

2090

-11.6
-11.6
-12.2
-11.6
-12.0
-12.4
-10.3
-11.6
-12.2
-11.6
-10.4
-12.6

2090

-11.6
-11.6
-12.2
-11.6
-12.0
-12.4
-10.3
-11.6
-12.2
-11.6
-10.4
-12.6
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Table 30. Impact of climate change on cocoa, coffee, and sesame production under RCP8.5

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal
Sierra Leone
Togo

2020

-1.0
-14
-1.7
-1.0
-1.7
-2.8
-5.2
-1.0
-1.5
-1.2
-4.7
-2.7

2030

5.0
2.1
2.4
5.0
2.1
3.3
14

2040

2050

2060

2070

2070
0.0
-0.4
-1.3
0.0
-0.9
-4.9
-6.9
0.0
-0.6
-0.1
-6.7
-4.4

2080

-14.4
-14.4

2090

-11.8

2100

-8.3
-8.2
-6.7
-8.3
-6.0
-8.7
-7.1
-8.3
-6.1
-8.2
-7.8
-8.7

2020

-1.0
-1.4
-1.7
-1.0
-1.7
-2.8
-5.2
-1.0
-1.5
-1.2
-4.7
-2.7

2030

5.0
2.1
2.4
5.0
2.1
3.3
14

2050

4.1

SSP4: Save Yourself

2060

2070

0.0
-0.4
-1.3

0.0
-0.9
-4.9
-6.9

0.0
-0.6
-0.1
-6.7
-4.4

2070
0.0
-0.4
-1.3
0.0
-0.9
-4.9
-6.9
0.0
-0.6
-0.1
-6.7
-4.4

2080

-14.4
-14.4
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Conclusion
This paper investigates the impacts of climate change on land allocation and

crop production in ECOWAS zone. It adopts an approach based on
environmental characteristics of Agro-Climatic and Soil Zones (ACSZs) to
predict the impacts of climate change across ECOWAS landscape. Following
Chang (2002), the methodology adopted involves a two-step procedure. In
the first step, data on crop yields, climate, soil characteristics, and CO>
concentration in the atmosphere were used to estimate yield response
functions to environmental and climate conditions. These yield functions
were then used to predict future crop yields following two RCPs (RCP4.5
and RCP8.5).

In the second step, the predicted yields were then incorporated into
ECOLAND, a mathematical programming model for agricultural production
with exogenous prices, to assess climate change impact on the agricultural
land use and agricultural production in ECOWAS following four probable
socio-economic conditions (SSPs). ECOLAND was calibrated following the
traditional PMP approach to ensure that the model is able to replicate the
observed cropland uses for 2004, our base year. The findings suggest that
acreage will be lower, higher, or remains the same depending on the crops
and the future conditions (combinations of climate and socio-economic
scenarios). In terms of production, negative impacts, as well as positive, are
observed. However, paddy rice, maize, sorghum, millet, oilseeds, cocoa,
coffee, and sesame production experience a decrease in production under
both moderate and harsh climate change in most of the cases. Thus, the study
showed that bacreage and crop production in ECOWAS countries are
sensitive to climate change. Climate change will lead to a shift in land use

for agricultural production within and among countries as a rational response
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to its impact on crop yield by farmers seeking to maximize the profit of their
farm activities. A structural transformation of the agricultural sector is,
therefore, inevitable to offset the negative impacts of climate change to
achieve a better level of livelihoods for the population. The findings are not
uniform across countries, and ACZs, highlighting their disparities across

geographic units.

Although the paper bring more lights on the impacts of climate change on
agricultural land use and agricultural production in ECOWAS countries
when most of the inefficiencies in crop production have to be removed, it
does not investigate possible adaptation strategies to alleviate these impacts.
However, our findings advocate for international/collective actions for
reducing GHGs emissions as well as for developing adequate climate change
adaptation strategies to improve the livelihood of people in developing
countries of West Africa. Our modeling approach does not account for water
scarcity as well as supply-induced price changes due to climate change.
Including these factors could more or less affect the results of this paper.

This will be investigated in future research.
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Appendices
Appendix 1. Paddy rice acreage without climate change (1,000 ha)

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020
34.0
68.0

468.1

7.1
163.9
948.7

89.2
64.6
132.7
32.1
3223.3
111.9
621.7
44.3

2020
34.0
68.0

468.1

163.9
948.7
89.2
64.6
132.7
32.1
3223.3
111.9
621.7
443

2030 2040 2050 2060 2070
41.4 50.5 51.4 60.1 72.1
82.9 101.0 120.2 145.8 1775
570.6 693.7 777.4 916.8  1089.0
8.7 10.6 12.9 15.7 19.1
199.8 2435 275.7 330.4 391.1
1156.5 14069 1687.1 2021.2  2360.6

108.8 130.6 157.1 180.4 198.3
78.8 96.0 117.0 142.7 168.7
161.8 197.2 239.4 291.6 355.4
39.1 47.7 58.1 70.9 86.4
3877.7 4651.0 52916 6203.1 7120.1
136.4 166.2 202.2 246.3 300.2
757.8 923.8 1126.0 13726  1583.3
54.0 65.7 77.0 92.0 110.6

SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
41.4 50.5 51.4 60.1 72.1
82.9 101.0 120.2 145.8 1775
570.6 693.7 777.4 916.8  1089.0
8.7 10.6 12.9 15.7 19.1
199.8 2435 275.7 330.4 391.1
1156.5 14069 1687.1 2021.2  2360.6
108.8 130.6 157.1 180.4 198.3
78.8 96.0 117.0 142.7 168.7
161.8 197.2 239.4 291.6 355.4
39.1 41.7 58.1 70.9 86.4
3877.7 4651.0 5291.6 6203.1 7120.1
136.4 166.2 202.2 246.3 300.2
757.8 923.8 1126.0 1372.6  1583.3
54.0 65.7 77.0 92.0 110.6

2080
86.1
216.2
1280.8
233
441.8
2555.0

209.0
180.5
433.2
105.3
7631.5
365.9
1518.3
1331

2080
86.1
216.2
1280.8
233
441.8
2555.0
209.0
180.5
433.2
105.3
7631.5
365.9
1518.3
1331

2090
103.4
263.4

14315
255
452.0
2496.8

214.6
167.2
528.1
128.4
8008.3
431.2
1345.6
152.9

2090
103.4
263.4

1431.5

452.0
2496.8
214.6
167.2
528.1
128.4
8008.3
431.2
1345.6
152.9

2100
123.3
319.9

1507.4
26.7
433.6
2418.0

2175
150.9
639.2
156.5
8112.8
504.2
1129.4
174.5

2100
1233
319.9

1507.4
26.7
433.6
2418.0
2175
150.9
639.2
156.5
8112.8
504.2
1129.4
174.5

2020
34.0
68.0

468.1

163.9
948.7
89.2
64.6
132.7
32.1
32233
111.9
621.7
44.3

2020
34.0
68.0

468.1

163.9
948.7
89.2
64.6
132.7
32.1
3223.3
111.9
621.7
44.3

2030
414
82.9

570.6

199.8
1156.5
108.8
78.8
161.8
39.1
3877.7
136.4
757.8
54.0

2030
41.4
82.9

570.6

199.8
1156.5
108.8
78.8
161.8

3877.7
136.4
757.8

54.0

2040
50.5
101.0
693.7

2435
1406.9
130.6
96.0
197.2
47.7
4651.0
166.2
923.8
65.7

2040
50.5
101.0
693.7
10.6
2435
1406.9
130.6
96.0
197.2
47.7
4651.0
166.2
923.8
65.7

2050 2060 2070
51.4 60.1 72.1
120.2 145.8 177.5
777.4 916.8  1089.0
12.9 15.7 19.1
275.7 330.4 3911
1687.1 2021.2  2360.6

157.1 180.4 198.3
117.0 142.7 168.7
239.4 291.6 355.4
58.1 70.9 86.4
52916 6203.1 7120.1
131.2 154.4 183.8
1126.0 1372.6  1583.3
77.0 92.0 110.6

SSP4: Save Yourself

2050 2060 2070
51.4 60.1 72.1
120.2 145.8 1775
777.4 916.8  1089.0
12.9 15.7 19.1
275.7 330.4 3911
1687.1 2021.2  2360.6
157.1 180.4 198.3
117.0 142.7 168.7
239.4 291.6 355.4
58.1 70.9 86.4
5291.6 6203.1 7120.1
202.2 246.3 300.2
1126.0 1372.6  1583.3
77.0 92.0 110.6

2080
86.1
216.2
1280.8

4418
2555.0

209.0
180.5
433.2
105.3
7631.5
220.4
1518.3
133.1

2080
86.1
216.2
1280.8
233
441.8
2555.0
209.0
180.5
433.2
105.3
7631.5
365.9
1518.3
133.1

2090
103.4
263.4

14315

452.0
2496.8
214.6
167.2
528.1
128.4
8008.3
250.9
1345.6
152.9

2090
103.4
263.4

1431.5
255
452.0
2496.8
214.6
167.2
528.1
128.4
8008.3
431.2
1345.6
152.9

2100
123.3
319.9

1507.4

433.6
2418.0
2175
150.9
639.2
156.5
8112.8
282.0
1129.4
1745

2100
123.3
319.9

1507.4
26.7
433.6
2418.0
2175
150.9
639.2
156.5
8112.8
504.2
1129.4
1745
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Appendix 2. Cereals acreage without climate change (1,000,000 ha)

SSP1: Cash, Control & Calories

SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040
Benin 13 15 17 1.9 2.1 2.2 2.4 2.6 2.8 12 15 17
Burkina Faso 3.9 4.9 5.8 6.9 7.7 8.2 8.8 9.5 10.4 3.4 4.7 5.6
Cote d'lvoire 0.5 0.6 0.6 0.5 0.4 0.3 0.2 0.2 0.2 0.5 0.6 0.6

Gambia 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.2 0.3 0.3
Ghana 11 13 1.4 15 15 1.4 13 1.2 1.2 11 13 14
Guinea 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.1 0.1 0.2
Guinea Bissau 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Liberia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mali 35 4.6 5.4 6.2 6.8 7.2 7.6 8.0 85 3.1 3.9 4.6
Niger 7.2 10.3 9.6 8.7 7.7 6.7 6.8 6.9 7.1 7.0 6.7 6.5
Nigeria 170 199 222 239 246 242 241 242 244 162 192 213
Senegal 11 1.4 1.7 2.0 2.4 25 2.7 2.9 3.2 0.9 11 13
Sierra Leone 0.1 0.1 0.1 0.2 0.2 0.1 0.0 0.0 0.1 0.1 0.1 0.1
Togo 0.4 0.5 0.6 0.7 0.8 0.8 0.8 0.8 0.9 0.4 0.5 0.6

SSP3: Civil Society to the Rescue?
2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040
Benin 1.2 15 17 1.9 2.1 2.2 2.4 2.6 2.8 13 15 17
Burkina Faso 3.4 4.9 5.8 6.9 7.7 8.2 8.8 9.5 10.4 4.0 4.9 5.8
Cote d'Ivoire 0.5 0.6 0.6 0.5 0.4 0.3 0.2 0.2 0.2 0.5 0.6 0.6

Gambia 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.2 0.3 0.3
Ghana 11 13 1.4 15 15 1.4 13 1.2 1.2 11 1.3 1.4
Guinea 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.1 0.1 0.2
Guinea Bissau 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Liberia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mali 31 4.6 5.4 6.2 6.8 7.2 7.6 8.0 85 3.8 4.6 5.4
Niger 70 103 9.6 8.7 7.7 6.7 6.8 6.9 7.1 9.7 103 9.6
Nigeria 16.3 199 222 239 246 242 241 242 244 174 199 222
Senegal 0.9 1.4 1.7 2.0 2.4 25 2.7 2.9 3.2 1.2 1.4 1.7
Sierra Leone 0.1 0.1 0.1 0.2 0.2 0.1 0.0 0.0 0.1 0.1 0.1 0.1
Togo 0.4 0.5 0.6 0.7 0.8 0.8 0.8 0.8 0.9 0.4 0.5 0.6

2050 2060 2070
1.9 2.1 2.2
6.6 7.3 7.8
0.5 0.4 0.3
0.4 0.4 0.5
15 15 14
0.2 0.2 0.2
0.1 0.1 0.1
0.0 0.0 0.0
5.2 5.6 5.9
6.2 6.1 6.1

227 231 227
1.4 1.6 1.8
0.2 0.2 0.1
0.7 0.8 0.8

SSP4: Save Yourself

2050 2060 2070
1.9 21 2.2
6.9 7.7 8.2
0.5 0.4 0.3
0.4 0.4 0.5
15 15 1.4
0.2 0.2 0.2
0.1 0.1 0.1
0.0 0.0 0.0
6.2 6.8 7.2
8.7 7.7 6.7

239 246 242
2.0 2.4 25
0.2 0.2 0.1
0.7 0.8 0.8

2080
2.4
8.8
0.2




Appendix 3. Vegetable, and fruits acreage without climate change (1,000,000 ha)

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020
0.6
0.0
1.8
0.0
2.0
0.5
0.0
0.2
0.0
0.0

10.8
0.1
0.4
0.2

2030 2040 2050 2060 2070
0.7 0.8 0.9 1.0 11
0.0 0.0 0.0 0.1 0.1
2.2 2.6 3.2 3.7 4.3
0.0 0.0 0.0 0.0 0.0
24 3.0 3.6 4.3 52
0.6 0.6 0.7 0.8 1.0
0.0 0.0 0.0 0.0 0.1
0.2 0.2 0.3 0.3 0.4
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

12.3 13.8 154 16.7 18.2
0.1 0.1 0.1 0.1 0.1
0.5 0.6 0.8 0.9 1.2
0.3 04 04 04 0.5

SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
0.7 0.8 0.9 1.0 11
0.0 0.0 0.0 0.1 0.1
2.2 2.6 3.2 3.7 43
0.0 0.0 0.0 0.0 0.0
24 3.0 3.6 4.3 52
0.6 0.6 0.7 0.8 1.0
0.0 0.0 0.0 0.0 0.1
0.2 0.2 0.3 0.3 0.4
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

12.3 13.8 15.4 16.7 18.2
0.1 0.1 0.1 0.1 0.1
0.5 0.6 0.8 0.9 1.2
0.3 0.4 0.4 0.4 05

2080
1.2
0.1
4.9
0.0
6.0
11
0.1
0.5
0.0
0.0

19.7
0.1

2090
13
0.1

2100
1.4
0.1
5.4
0.0
6.3
15
0.1
0.7

2020 2030
0.6 0.7
0.0 0.0
1.8 2.2
0.0 0.0
2.0 2.4
0.5 0.6
0.0 0.0
0.2 0.2
0.0 0.0
0.0 0.0

108 123
0.1 0.1
0.4 0.5
0.2 0.3

2020 2030
0.6 0.7
0.0 0.0
1.8 2.2
0.0 0.0
2.0 2.4
0.5 0.6
0.0 0.0
0.2 0.2
0.0 0.0
0.0 0.0

108 123
0.1 0.1
0.4 0.5
0.2 0.3

2040
0.8
0.0
2.6
0.0
3.0
0.6
0.0
0.2
0.0
0.0

13.8
0.1
0.6
0.4

2050 2060 2070
0.9 1.0 11
0.0 0.1 0.1
3.2 3.7 4.3
0.0 0.0 0.0
3.6 43 5.2
0.7 0.8 1.0
0.0 0.0 0.1
0.3 0.3 0.4
0.0 0.0 0.0
0.0 0.0 0.0

154 167 18.2
0.1 0.1 0.1
0.8 0.9 1.2
0.4 0.4 0.5

SSP4: Save Yourself

2050 2060 2070
0.9 1.0 11
0.0 0.1 0.1
3.2 3.7 4.3
0.0 0.0 0.0
3.6 43 5.2
0.7 0.8 1.0
0.0 0.0 0.1
0.3 0.3 0.4
0.0 0.0 0.0
0.0 0.0 0.0

154 167 18.2
0.1 0.1 0.1
0.8 0.9 1.2
0.4 0.4 0.5

2080
1.2
0.1
4.9
0.0
6.0
11
0.1
0.5
0.0
0.0

19.7
0.1




Appendix 4. Oil seeds acreage without climate change (100,000 ha)

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2030 2040 2050 2060 2070
7.9 9.6 11.8 14.3 17.3
5.6 6.9 8.2 9.8 11.6
8.3 9.2 9.6 9.5 8.0
0.7 0.8 0.8 0.9 0.9
7.9 8.7 8.1 7.1 6.5
3.2 3.7 38 35 3.1
25 2.7 2.9 2.9 3.0
0.1 0.1 0.1 0.0 0.0
9.2 11.2 13.3 15.4 17.7

51.7 63.0 76.3 91.7 105.2

103.7 1109 116.6 1156 1144
9.8 12.0 14.3 16.9 19.9
2.0 2.3 2.7 1.2 1.0
37 43 4.8 5.4 5.6

SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
7.9 9.6 11.8 14.3 17.3
5.6 6.9 8.2 9.8 11.6
8.3 9.2 9.6 9.5 8.0
0.7 0.8 0.8 0.9 0.9
7.9 8.7 8.1 7.1 6.5
3.2 3.7 3.8 35 3.1
25 2.7 2.9 2.9 3.0
0.1 0.1 0.1 0.0 0.0
9.2 11.2 13.3 15.4 17.7

51.7 63.0 76.3 91.7 105.2

103.7 1109 1166 1156 1144
9.8 12.0 14.3 16.9 19.9
2.0 2.3 2.7 1.2 1.0
3.7 43 48 5.4 5.6

2080
18.3
134

6.2
1.0
5.8
2.6
3.0
0.0
18.1
107.4
112.4
20.6
0.9
5.4

2090

2100
145
16.6

1.9
11
3.8
15
2.6
0.0
18.2
109.9
108.5
20.5
0.8
4.2

2030
7.9
5.6
8.3
0.7
7.9

2050 2060 2070
11.8 14.3 17.3
7.5 8.5 10.3
9.6 9.5 8.0
0.8 0.9 0.9
8.1 7.1 6.5
3.8 35 3.1
29 2.9 3.0
0.1 0.0 0.0
7.9 6.2 8.9
66.1 33.6 91.9
106.7  100.9 98.3
4.8 4.4 4.3
2.7 1.2 1.0
4.8 5.4 5.6
SSP4: Save Yourself
2050 2060 2070
11.8 14.3 17.3
8.2 9.8 11.6
9.6 9.5 8.0
0.8 0.9 0.9
8.1 71 6.5
3.8 35 3.1
29 2.9 3.0
0.1 0.0 0.0
13.3 154 17.7
76.3 91.7 105.2
116.6 1156 1144
14.3 16.9 19.9
2.7 1.2 1.0
4.8 5.4 5.6

2080
18.3
131

6.2
1.0
5.8
2.6
3.0
0.0
15.8
103.9
108.2




Appendix 5. Sugarcane acreage without climate change (1000 ha)

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020
2.6
5.0

316
7.6
7.1
0.3
0.2

2030 2040 2050 2060 2070
32 3.9 48 5.8 7.1
6.1 7.4 9.0 11.0 13.4

385 470 573 666 727
9.2 11.2 13.7 16.2 18.6
87 106 129 158 19.2
0.3 04 0.5 0.6 0.4
0.2 0.3 04 04 0.5
7.5 9.1 111 135 16.5
6.4 7.8 9.4 11.5 14.0

334 323 324 339 367

11.9 145 17.6 215 26.2
1.7 2.0 25 3.0 35
15 18 2.2 2.7 3.3
SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
32 3.9 4.8 5.8 7.1
6.1 7.4 9.0 11.0 13.4

385 47.0 57.3 66.6 72.7
9.2 11.2 13.7 16.2 18.6
87 106 129 158 19.2
0.3 04 0.5 0.6 0.4
0.2 0.3 04 0.4 0.5
7.5 9.1 111 135 16.5
6.4 7.8 9.4 115 14.0

334 323 324 339 367

11.9 145 17.6 215 26.2
1.7 2.0 2.5 3.0 35
15 1.8 2.2 2.7 3.3

2080
8.7
15.2
80.2
20.0
23.4
0.5
0.6
20.1
17.1
40.9
31.4
43
41

2080
8.7
15.2
80.2
20.0
23.4

2090
10.6
16.5
89.2
20.5
285

0.6
0.8
24.5
20.9
46.8
37.5
5.2
4.9

2090
10.6
16.5
89.2
20.5
285

0.6
0.8
245
20.9
46.8
37.5
5.2
4.9

2100
12.9
18.2

100.2
21.2
34.7

0.8
1.0
29.9
25.4
54.5
45.0
6.4
6.0

2100
12.9

2020
2.6
5.0

316
7.6
7.1
0.3
0.2
6.1
5.2

39.5

2030
3.2
6.1

385

8.7
0.3
0.2
7.5

334
11.9
17
15

2050 2060 2070
4.8 5.8 7.1
9.0 11.0 134

57.3 666 727
13.7 16.2 186
12.9 158 19.2
0.5 0.6 0.4
0.4 0.4 0.5
111 135 165
94 115 140
324 339 367
176 215 26.2
2.5 3.0 35
2.2 2.7 33
SSP4: Save Yourself

2050 2060 2070
4.8 5.8 7.1
9.0 11.0 134

573 666 727
13.7 16.2 186
12.9 158 19.2
0.5 0.6 0.4
0.4 0.4 0.5
111 135 165
94 115 140
324 339 367
176 215 26.2
25 3.0 35
2.2 2.7 33

2090
10.6
16.5
89.2
20.5
285

0.6
0.8
245
20.9
46.8
36.4

4.9

2090
10.6
16.5
89.2
20.5
285

0.6
0.8
245
20.9
46.8
375
5.2
4.9
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Appendix 6. Cotton acreage without climate change (1000 ha)

SSP1: Cash, Control & Calories SSP2: Self-determination
2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 159.4 1944 2352 2835 269.0 296.0 159.0 1865 221.3 1594 1944 2352 2835 269.0 296.0 159.0 1865 221.3

Burkina Faso 194 23.6 27.0 29.6 27.9 333 40.0 48.3 58.5 194 23.6 151 135 7.1 7.0 7.1 7.6 8.3
Cote d'lvoire 353.6 4310 3950 237.0 2583 289.8 2956 2942 2955 353.6 4310 3950 237.0 2583 2898 2956 2942 2955

Gambia 1.9 2.4 2.9 35 43 5.2 6.3 7.7 9.4 1.9 2.4 2.9 35 43 5.2 6.3 7.7 9.4
Ghana 343 41.8 46.8 49.3 38.4 44.7 46.1 48.3 51.3 343 41.8 46.8 49.3 384 44.7 46.1 48.3 51.3
Guinea 437 533 54.9 48.0 55.2 54.3 535 53.0 52.5 43.7 53.3 54.9 48.0 55.2 54.3 535 53.0 525
Guinea Bissau 5.6 6.9 8.4 10.2 12.4 13.6 5.1 4.9 4.8 5.6 6.9 8.4 10.2 12.4 13.6 5.1 4.9 4.8
Mali 53.1 64.7 71.9 745 715 849 101.7 1225 1482 53.1 64.7 39.8 315 15.7 14.3 135 13.2 135
Niger 13.7 16.7 20.4 24.9 30.3 36.9 45.0 54.9 66.9 13.7 16.7 4.8 3.9 3.2 2.6 2.2 1.8 14
Nigeria 867.6 1057.6 907.0 389.2 2964 2774 2525 2518 2605 867.6 1057.6 870.7 3403 2332 1973 1524 127.7 1075
Senegal 59.8 729 889 1083 1304 1589 189.7 222.0 198.2 59.8 46.4 339 345 34.8 37.8 383 38.3 39.0
Togo 161.6 197.0 2363 280.8 2753 3278 326.6 339.2 3551 161.6 197.0 2363 280.8 2753 3278 3266 339.2 355.1
SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100

Benin 159.4 1944 2352 2835 269.0 2960 159.0 1865 221.3 159.4 1944 2352 2835 269.0 2960 159.0 1865 221.3

Burkina Faso 19.4 23.6 27.0 29.6 279 333 40.0 48.3 58.5 19.4 23.6 27.0 29.6 27.9 333 40.0 48.3 58.5
Cote d'lvoire 353.6 431.0 395.0 237.0 2583 289.8 2956 2942 2955 353.6 431.0 3950 237.0 2583 289.8 2956 2942 2955

Gambia 1.9 2.4 2.9 3.5 4.3 5.2 6.3 77 9.4 1.9 2.4 2.9 35 4.3 5.2 6.3 7.7 9.4
Ghana 343 41.8 46.8 49.3 38.4 44.7 46.1 48.3 51.3 343 41.8 46.8 49.3 38.4 44.7 46.1 48.3 51.3
Guinea 437 53.3 54.9 48.0 55.2 54.3 53.5 53.0 52.5 43.7 53.3 54.9 48.0 55.2 54.3 53.5 53.0 52.5
Guinea Bissau 5.6 6.9 8.4 10.2 12.4 13.6 51 4.9 4.8 5.6 6.9 8.4 10.2 12.4 13.6 51 4.9 4.8
Mali 53.1 64.7 71.9 74.5 715 849 101.7 1225 1482 53.1 64.7 71.9 74.5 715 849 1017 1225 1482
Niger 13.7 16.7 20.4 24.9 30.3 36.9 45.0 54.9 66.9 13.7 16.7 20.4 24.9 30.3 36.9 45.0 54.9 66.9
Nigeria 867.6 1057.6 907.0 389.2 296.4 2774 2525 2518 2605 8676 1057.6 907.0 389.2 296.4 2774 2525 2518 2605
Senegal 59.8 72.9 889 1083 1304 1589 189.7 222.0 198.2 59.8 72.9 889 1083 1304 1589 189.7 2220 198.2
Togo 161.6 197.0 236.3 2808 2753 3278 326.6 339.2 3551 1616 197.0 2363 2808 2753 3278 3266 339.2 3551
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Appendix 7. Cocoa, coffee, and sesame acreage without climate change (1,000,000 ha)

SSP1: Cash, Control & Calories SSP2: Self-determination
2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1

Burkina Faso 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cote d'lvoire 15 18 1.9 2.0 2.0 2.0 2.1 2.2 2.2 15 18 1.9 2.0 2.0 2.0 2.1 2.2 2.2

Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 1.2 14 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.2 14 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Guinea 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3
Liberia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mali 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria 1.7 2.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2 1.7 2.1 2.2 2.2 2.2 22 2.2 2.2 2.2
Senegal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sierra Leone 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2
Togo 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.3
SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100

Benin 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1

Burkina Faso 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cote d'lvoire 15 1.8 1.9 2.0 2.0 2.0 2.1 2.2 2.2 15 1.8 1.9 2.0 2.0 2.0 2.1 2.2 2.2

Gambia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ghana 12 14 1.6 16 16 16 16 16 16 12 14 1.6 16 16 1.6 16 1.6 1.6
Guinea 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3
Liberia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mali 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nigeria 17 21 2.2 2.2 2.2 2.2 2.2 2.2 2.2 17 21 22 2.2 2.2 22 2.2 2.2 2.2
Senegal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sierra Leone 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2
Togo 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.3
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Appendix 8. Paddy rice production without climate change (100,000 tons)

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020
0.6
11
7.8
0.1
25

2030 2040 2050 2060 2070
0.7 0.9 11 14 1.9
14 1.9 25 3.4 4.8
98 129 16.1 217 29.8
0.2 0.2 0.3 0.4 0.5
3.2 4.2 5.2 7.1 9.8

186 245 329 45.0 60.5
1.8 2.4 3.2 4.2 5.3
11 14 2.0 2.7 3.8
2.8 3.6 4.9 6.9 9.7
0.7 0.9 1.2 17 2.4

614 795 1003 1337 177.7
3.0 4.0 5.4 7.5 10.5
95 125 17.1 239 31.8
0.9 1.2 1.6 2.1 3.0

SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
0.7 0.9 11 14 19
14 1.9 25 3.4 4.8
9.8 129 16.1 217 29.8
0.2 0.2 0.3 0.4 0.5
3.2 4.2 5.2 7.1 9.8

186 245 329 45.0 60.5
18 2.4 3.2 4.2 5.3
11 14 2.0 2.7 3.8
2.8 3.6 4.9 6.9 9.7
0.7 0.9 1.2 17 2.4

614 795 1003 1337 1777
3.0 4.0 5.4 7.5 10.5
95 125 17.1 239 31.8
0.9 1.2 1.6 2.1 3.0

2080
2.7
6.7

40.8
0.8
13.0
75.9
6.5
4.7
13.6
33

2100
51
13.2
65.1
1.2
17.4
96.5
8.9
5.3
26.7
6.6
3317
21.7
35.4
7.2

2020
0.6
11
7.8
0.1
25

2030
0.7
1.4
9.8
0.2

2050 2060 2070
11 14 1.9
25 3.4 4.8

16.1 21.7 29.8
0.3 0.4 0.5
5.2 7.1 9.8

329 45.0 60.5
3.2 4.2 5.3
2.0 2.7 38
4.9 6.9 9.7
12 1.7 2.4

100.3 133.7 1777
29 3.9 5.3

17.1 23.9 318

1.6 2.1 3.0
SSP4: Save Yourself

2050 2060 2070
11 14 19
25 3.4 4.8

16.1 21.7 29.8
0.3 0.4 0.5
5.2 7.1 9.8

329 45.0 60.5
3.2 4.2 5.3
2.0 2.7 38
4.9 6.9 9.7
1.2 1.7 2.4

100.3 1337 177.7
5.4 75 10.5
17.1 23.9 31.8
1.6 2.1 3.0

2080
2.7
6.7

40.8
0.8
13.0
75.9
6.5
4.7
13.6
33
224.9
7.2
35.6
4.1

2100




Appendix 9. Cereals production without climate change (100,000 tons)

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2030 2040 2050 2060 2070
18.2 227 28.7 36.4 447
545 71.0 937 1181 1455
8.7 8.6 8.8 7.1 6.8
31 4.0 5.4 6.9 8.5
16.4 19.7 22.9 26.5 28.7
1.9 24 3.1 3.7 43
14 1.6 1.9 2.2 25
0.2 0.2 0.3 0.4 0.3
50.1 64.3 82.6 1033 1254
100.4 1022 1047 107.0 1095
2417 2893 3459 403.0 453.9
15.0 19.5 255 34.0 40.8
15 2.0 2.7 3.7 1.2
6.8 8.9 11.4 14.1 16.6
SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
18.2 227 28.7 36.4 447
54.5 71.0 937 1181 1455
8.7 8.6 8.8 7.1 6.8
3.1 4.0 5.4 6.9 8.5
16.4 19.7 229 26.5 28.7
1.9 2.4 3.1 3.7 43
14 1.6 1.9 2.2 25
0.2 0.2 0.3 0.4 0.3
50.1 64.3 826 1033 1254
1004 102.2 1047 107.0 109.5
2417 2893 3459 403.0 453.9
15.0 19.5 255 34.0 40.8
15 2.0 2.7 3.7 1.2
6.8 8.9 11.4 14.1 16.6

2080
55.8
180.5
6.3
10.7

2090
70.3
224.7
6.6
13.6
34.2
7.8
3.2
0.7
186.0
152.0
600.5

2100
88.7
281.4
75
17.3
38.2
10.6
3.8
0.9
227.8
181.4
694.2
83.6

2030
18.2
52.9

8.7
3.1

50.1
100.4
241.7

15.0

15
6.8

2050 2060 2070
28.7 36.4 44.7
90.2 113.0 1385

8.8 7.1 6.8
5.4 6.9 8.5
229 26.5 28.7
3.1 3.7 4.3
1.9 2.2 25
0.3 0.4 0.3
71.6 87.9 106.4
76.5 86.3 99.8
332.6 3842 4320
184 23.6 30.3
2.7 3.7 1.2
114 14.1 16.6
SSP4: Save Yourself

2050 2060 2070
28.7 36.4 44.7
93.7 1181 1455

8.8 7.1 6.8
5.4 6.9 8.5
229 26.5 28.7
3.1 3.7 4.3
19 2.2 25
0.3 0.4 0.3
82.6 1033 1254
104.7 107.0 109.5
3459 403.0 4539
255 34.0 40.8
2.7 3.7 1.2
114 14.1 16.6

2080
55.8
172.3
6.3
10.7

89



Appendix 10. Vegetable, and fruits production without climate change (1,000,000 tons)

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali

Niger
Nigeria
Senegal
Sierra Leone
Togo

2020
55
0.3

14.2

2030 2040 2050 2060 2070
7.0 9.1 111 13.7 17.1
0.3 0.4 0.6 0.7 0.9

18.0 23.8 324 42.6 56.8
0.0 0.1 0.1 0.1 0.1

19.9 26.2 355 48.3 66.5
4.6 5.5 6.9 8.9 11.8
0.2 0.3 0.4 0.6 0.8
13 1.7 2.4 3.3 4.6
0.2 0.2 0.3 0.4 0.5
0.2 0.3 0.4 0.6 0.9

116.0 1409 1752 2165 2722
1.0 1.2 14 17 2.0
3.9 5.2 7.1 9.9 13.9
2.8 3.6 4.3 5.3 6.6

SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
7.0 9.1 111 13.7 17.1
0.3 0.4 0.6 0.7 0.9

18.0 23.8 324 42.6 56.8
0.0 0.1 0.1 0.1 0.1

19.9 26.2 35.5 48.3 66.5
4.6 55 6.9 8.9 11.8
0.2 0.3 0.4 0.6 0.8
1.3 17 2.4 3.3 4.6
0.2 0.2 0.3 0.4 0.5
0.2 0.3 0.4 0.6 0.9

116.0 1409 1752 2165 2722
1.0 1.2 14 17 2.0
3.9 5.2 7.1 9.9 13.9
2.8 3.6 4.3 5.3 6.6

2080
21.6
1.0
73.5
0.2

2090
271.7
13
88.9
0.2
105.6
211
1.6
9.2
0.9
18
416.3
3.1
21.7
10.5

2100
35.5
15
107.7
0.3
125.7
28.4
2.2
12.9
1.2

2020
55
0.3

14.2

2030
7.0
0.3

18.0
0.0

2040
9.1
0.4

2050 2060 2070
111 137 17.1
0.6 0.7 0.9
324 42.6 56.8
0.1 0.1 0.1
355 48.3 66.5
6.9 8.9 11.8
0.4 0.6 0.8
2.4 3.3 4.6
0.3 0.4 0.5
0.4 0.6 0.9
1752 2165 2722
1.4 1.7 2.0
7.1 9.9 13.9
4.3 5.3 6.6
SSP4: Save Yourself
2050 2060 2070
111 137 17.1
0.6 0.7 0.9
324 42.6 56.8
0.1 0.1 0.1
355 48.3 66.5
6.9 8.9 11.8
0.4 0.6 0.8
2.4 3.3 4.6
0.3 0.4 0.5
0.4 0.6 0.9
175.2 2165 2722
14 17 2.0
7.1 9.9 13.9
4.3 5.3 6.6




Appendix 11. Oil seeds production without climate change (100,000 tons)

SSP1: Cash, Control & Calories SSP2: Self-determination

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 5.0 6.4 8.4 114 15.9 222 27.2 30.3 295 5.0 6.4 8.4 11.4 15.9 222 272 30.1 29.2
Burkina Faso 3.6 45 6.0 8.0 10.9 14.9 20.2 27.2 33.2 3.6 45 5.5 7.3 9.6 134 19.7 22.8 27.9
Cote d'lvoire 5.6 7.0 85 9.9 114 111 9.9 7.2 4.2 5.6 7.0 8.5 9.9 114 111 9.9 7.2 42
Gambia 0.5 0.6 0.7 0.8 1.0 1.2 15 2.0 2.3 0.5 0.6 0.7 0.8 1.0 12 15 1.9 2.3
Ghana 5.1 6.4 7.7 7.9 7.9 8.4 8.7 8.7 7.6 51 6.4 7.7 7.9 7.9 8.4 8.7 8.7 7.6
Guinea 2.1 2.7 3.4 3.9 4.1 4.2 4.2 3.9 3.2 21 2.7 3.4 3.9 4.1 4.2 4.2 3.9 3.2
Guinea Bissau 17 2.1 25 3.0 3.4 4.2 4.7 5.2 55 17 21 25 3.0 34 4.2 4.7 5.2 55
Liberia 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0
Mali 5.6 7.1 9.3 12.4 16.4 21.6 25.6 29.8 34.3 5.6 7.1 6.1 7.4 6.7 11.2 22.4 7.3 6.0
Niger 317 402 532 72.2 99.0 1311 1554 1818 2111 317 402 483 62.8 36.3 1151 1505 93.7 64.6
Nigeria 754 864 996 1166 1317 1492 1691 1937 2160 754 864 936 1076 1163 1299 1632 126.6 1358
Senegal 5.9 7.4 9.8 131 17.6 24.0 28.6 33.1 38.0 5.9 7.4 4.0 4.4 4.7 5.3 22.8 2.3 2.2
Sierra Leone 13 1.6 2.1 2.7 15 14 15 1.6 1.7 13 1.6 2.1 2.7 15 14 15 1.6 17
Togo 2.6 33 4.1 5.2 6.7 7.9 8.9 9.4 9.6 2.6 3.3 41 5.2 6.7 7.9 8.9 9.4 9.6

SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 5.0 6.4 8.4 11.4 15.9 22.2 27.2 30.3 29.5 5.0 6.4 8.4 11.4 15.9 222 272 30.3 295
Burkina Faso 3.6 45 6.0 8.0 10.9 14.9 20.2 27.2 33.2 3.6 45 6.0 8.0 10.9 14.9 20.2 27.2 33.2
Cote d'lvoire 5.6 7.0 85 9.9 114 111 9.9 7.2 4.2 5.6 7.0 8.5 9.9 114 111 9.9 7.2 4.2
Gambia 0.5 0.6 0.7 0.8 1.0 1.2 15 2.0 2.3 0.5 0.6 0.7 0.8 1.0 1.2 15 2.0 2.3
Ghana 5.1 6.4 7.7 7.9 7.9 8.4 8.7 8.7 7.6 51 6.4 7.7 7.9 7.9 8.4 8.7 8.7 7.6
Guinea 2.1 2.7 3.4 3.9 4.1 4.2 4.2 3.9 3.2 21 2.7 34 3.9 41 42 4.2 3.9 3.2
Guinea Bissau 17 2.1 25 3.0 3.4 4.2 4.7 5.2 5.5 17 21 2.5 3.0 3.4 4.2 4.7 5.2 55
Liberia 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0
Mali 5.6 7.1 9.3 12.4 16.4 21.6 25.6 29.8 343 5.6 7.1 9.3 12.4 16.4 216 25.6 29.8 343
Niger 317 402 532 72.2 99.0 1311 1554 1818 2111 317 402 532 72.2 99.0 1311 1554 1818 2111
Nigeria 754 864 996 1166 1317 149.2 169.1 1937 2160 754 864 996 1166 131.7 149.2 169.1 193.7 216.0
Senegal 5.9 7.4 9.8 131 17.6 24.0 28.6 33.1 38.0 5.9 7.4 9.8 131 17.6 24.0 28.6 33.1 38.0
Sierra Leone 13 1.6 2.1 2.7 15 14 15 1.6 1.7 13 1.6 2.1 2.7 15 14 15 1.6 1.7
Togo 2.6 33 4.1 5.2 6.7 7.9 8.9 9.4 9.6 2.6 33 41 5.2 6.7 7.9 8.9 9.4 9.6




Appendix 12. Sugarcane production without climate change (100,000 tons)

SSP1: Cash, Control & Calories SSP2: Self-determination
2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Benin 11 1.4 1.9 25 35 5.0 7.0 9.9 14.0 11 14 1.9 25 35 5.0 7.0 9.9 14.0

Burkina Faso 2.4 3.0 4.0 5.4 7.6 10.7 14.2 18.4 23.8 2.4 3.0 4.0 5.4 76 107 142 18.4 23.8
Cote d'lvoire 132 167 221 302 403 513 662 862 1126 132 167 221 302 403 513 662 862 112.6

Ghana 3.0 3.8 5.0 6.8 9.2 12.1 15.2 18.2 21.7 3.0 3.8 5.0 6.8 9.2 12.1 15.2 18.2 21.7
Guinea 34 4.3 5.7 7.8 10.8 15.2 21.4 30.3 42.4 34 4.3 5.7 7.8 10.8 15.2 21.4 30.3 42.4
Guinea Bissau 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.8 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.8
Liberia 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.6 0.9 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.6 0.9
Mali 3.9 4.9 6.5 8.8 12.2 17.2 24.3 34.3 48.2 3.9 4.9 6.5 8.8 12.2 17.2 24.3 34.3 48.2
Niger 3.2 4.0 5.3 72 100 141 199 280 39.4 3.2 4.0 53 72 100 141 199 280 39.4
Nigeria 13.8 134 15.2 18.4 235 31.0 419 57.3 78.8 13.8 13.4 15.2 18.4 235 31.0 41.9 57.3 78.8
Senegal 83 105 138 188 262 368 518 723 100.6 83 105 138 188 262 368 501 699 49.5
Sierra Leone 0.5 0.6 0.8 11 15 2.0 2.9 4.1 5.7 0.5 0.6 0.8 11 15 2.0 29 4.1 5.7
Togo 0.5 0.7 0.9 1.2 1.7 2.4 3.4 4.8 6.8 0.5 0.7 0.9 1.2 17 2.4 3.4 4.8 6.8
SSP3: Civil Society to the Rescue? SSP4: Save Yourself

2020 2030 2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100

Benin 11 1.4 1.9 25 35 5.0 7.0 9.9 14.0 11 14 1.9 25 35 5.0 7.0 9.9 14.0

Burkina Faso 2.4 3.0 4.0 5.4 7.6 10.7 14.2 18.4 23.8 2.4 3.0 4.0 5.4 76 107 142 18.4 23.8
Cote d'lvoire 132 16.7 221 302 403 513 662 862 1126 132 167 221 302 403 513 662 862 112.6

Ghana 3.0 3.8 5.0 6.8 9.2 121 15.2 18.2 21.7 3.0 3.8 5.0 6.8 92 121 152 18.2 217
Guinea 3.4 4.3 5.7 7.8 10.8 152 214 303 42.4 3.4 43 5.7 7.8 108 152 214 303 42.4
Guinea Bissau 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.8 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.8
Liberia 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.6 0.9 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.6 0.9
Mali 3.9 4.9 6.5 8.8 12.2 172 243 343 48.2 3.9 4.9 6.5 8.8 122 172 243 343 48.2
Niger 3.2 4.0 5.3 7.2 10.0 14.1 199 280 39.4 3.2 4.0 5.3 72 100 141 199 280 39.4
Nigeria 13.8 134 152 184 235 310 419 573 788 138 134 152 184 235 310 419 573 78.8
Senegal 8.3 105 138 188 262 368 518 723 1006 8.3 105 138 188 262 368 518 723 100.6
Sierra Leone 0.5 0.6 0.8 11 15 2.0 2.9 4.1 5.7 0.5 0.6 0.8 11 15 2.0 2.9 4.1 5.7
Togo 0.5 0.7 0.9 1.2 17 2.4 3.4 4.8 6.8 0.5 0.7 0.9 1.2 17 2.4 3.4 4.8 6.8
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Appendix 13. Cotton production without climate change (10,000 tons)

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Mali

Niger
Nigeria
Senegal

Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Mali

Niger
Nigeria
Senegal

Togo

2020
14.0
1.9
311
0.2
3.0

2030 2040 2050 2060 2070
17.7 232 312 334 425
2.4 2.9 3.6 4.0 5.5
394 390 259 322 417
0.2 0.3 0.4 0.5 0.8
3.8 4.7 5.5 4.8 6.4
5.6 6.4 6.6 8.7 9.9
0.6 0.8 11 15 1.9
6.4 7.8 92 102 141
1.8 2.3 3.2 4.4 6.2
983 916 449 396 433
6.4 84 115 158 222
179 232 309 342 470
SSP3: Civil Society to the Rescue?
2030 2040 2050 2060 2070
177 232 312 334 425
2.4 2.9 3.6 4.0 5.5
394 390 259 322 417
0.2 0.3 0.4 0.5 0.8
3.8 4.7 55 4.8 6.4
5.6 6.4 6.6 8.7 9.9
0.6 0.8 11 15 1.9
6.4 7.8 92 102 141
1.8 2.3 3.2 4.4 6.2
983 916 449 396 433
6.4 84 115 158 222
179 232 309 342 470

2080
27.0
7.7
49.3
11
7.7
11.4
0.8
19.6
8.8
46.5
30.7
54.4

2080
27.0
7.7
49.3
11
7.7
11.4
0.8
19.6
8.8
46.5
30.7
54.4

2090
36.8

2100
50.3
14.9
65.8

21
115
15.0

11
38.0
17.3
65.3
43.9
79.1

2100
50.3
14.9
65.8

2.1
115
15.0

11
38.0
17.3
65.3
43.9
79.1

2020
14.0
1.9
311
0.2
3.0

2030
17.7
2.4
39.4
0.2
3.8

2040
232
1.6
39.0
0.3
4.7

2050 2060 2070
312 334 425
1.6 1.0 11
259 322 417
0.4 0.5 0.8
55 4.8 6.4
6.6 8.7 9.9
11 15 19
3.7 2.1 2.2
0.5 0.5 0.4
387 304 299
3.7 4.3 5.4
309 342 470
SSP4: Save Yourself
2050 2060 2070
312 334 425
3.6 4.0 55
259 322 417
0.4 0.5 0.8
55 4.8 6.4
6.6 8.7 9.9
11 15 1.9
92 102 14.1
3.2 4.4 6.2
449 396 433
115 158 222
309 342 470
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Appendix 14. Cocoa, coffee, and sesame production without climate change (10,000 tons)

SSP1: Cash, Control & Calories

SSP2: Self-determination

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal
Sierra Leone
Togo

Benin
Burkina Faso
Cote d'lvoire
Gambia
Ghana
Guinea
Liberia

Mali

Nigeria
Senegal
Sierra Leone
Togo

2030 2040 2050 2060 2070
12 1.6 21 3.0 4.2
0.1 0.2 0.2 0.3 0.2

88.3 104.7 1188 1374 161.6
0.1 0.1 0.1 0.1 0.2

70.3 83.0 935 1072 124.6
5.3 6.7 8.4 10.8 14.2
0.7 1.0 13 1.8 2.6
0.0 0.1 0.1 0.1 0.2

1023 1203 1345 1529 1759
0.1 0.1 0.2 0.2 0.3
34 4.6 6.2 8.6 12.2
5.8 7.4 9.3 12.2 16.2

SSP3: Civil Society to the Rescue?

2030 2040 2050 2060 2070
1.2 1.6 2.1 3.0 4.2
0.1 0.2 0.2 0.3 0.2

88.3 1047 1188 1374 1616
0.1 0.1 0.1 0.1 0.2

70.3 83.0 935 107.2 1246
5.3 6.7 8.4 10.8 14.2
0.7 1.0 13 1.8 2.6
0.0 0.1 0.1 0.1 0.2

1023 1203 1345 1529 1759
0.1 0.1 0.2 0.2 0.3
34 4.6 6.2 8.6 12.2
5.8 7.4 9.3 12.2 16.2

2080

202.9

217

2090

2100

2020
0.9
0.1

69.5
0.0
55.4

0.6
0.0
80.6
0.1
2.7
4.6

2030
1.2
0.1

88.3
0.1
70.3

2040

2050 2060 2070
2.1 3.0 4.2
0.2 0.3 0.2

118.8 137.4 161.6
0.1 0.1 0.2

935 1072 1246
8.4 10.8 14.2
13 18 2.6
0.1 0.1 0.2

1345 1529 175.9
0.2 0.2 0.3
6.2 8.6 12.2
9.3 12.2 16.2
SSP4: Save Yourself

2050 2060 2070
21 3.0 4.2
0.2 0.3 0.2

1188 1374 1616
0.1 0.1 0.2

935 1072 1246
8.4 10.8 14.2
1.3 1.8 2.6
0.1 0.1 0.2

1345 1529 1759
0.2 0.2 0.3
6.2 8.6 12.2
9.3 12.2 16.2

2080
5.9
0.2

1914
0.3
144.1

202.9
0.3
16.5
217

94






keep”-Symbol of
wisdom, knowledge
and understanding.

(N

Wy

S
g% UNITED NATIONS Economic Commission
@ UNIVERSITY for Africa

UNU-INRA ACPQC

Institute for Natural Resources in Africa

UNU-INRA Contact

United Nations University Institute for Natural Resources in Africa
(UNU-INRA)
Second Floor, International House,
Annie Jiagge Road, University of Ghana, Legon
Accra, Ghana

Private Mail Bag,
Kotoka International Airport, Accra, Ghana

Tel: +233-302- 213850. Ext. 6318
Email: inra@unu.edu

Website: www.inra.unu.edu

Y IO

ISBN: 978-9988-633-15-8
MATE MASIE NEA ONNIMNO SUA NYANSAPO
A, OHU
“What I hear, I “He who does not know
can know from learning, “Wisdom knot” — Symbol of
-Symbol of life-long wisdom, ingenuity, intelligence 9M7899881633158

education and continued and patience.

.



