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Abstract. This study investigated drought and flooding changes in West Africa between 1983–2012 and pro-
jected near future (2025–2054) periods. The datasets used are the CHIRTS and CHIRPS-2 for observed reanaly-
sis and five (05) models of ISIMIP2b for Shared Socio-economic Pathways (SSP1.2-6 and SSP5-8.5). Extremely
and very wet days total precipitation (R95pTOT; R99pTOT) and Standardized Precipitation Evapotranspiration
Index (SPEI) were employed to investigate floods and drought spatial distribution using Sen Slope trend analysis
method. The results showed that there is a variability in the spatial distribution of extreme indices with an upward
and downward trend of dry and wet rainfall periods in West Africa in both historical and projected periods. This
observation suggests that the study area is faced with rainfall variability marked by extreme events. A further
examination on the spatial and temporal distribution of flood occurrence showed that more flood events were
observed in the Gulf of Guinea and Savannah countries, followed by an increase in uniform spatial distribution
and moderate wet days both under SSP1.2.6, and SSP 5.8.5. In addition, result showed that an upward trend in
wet periods can cause the occurrence of extreme events associated with floods in the context of global warming.
However, with these scenarios negative changes are not excluded in the East, the Sahel and some western part
of the Gulf of Guinea in the study area for the SSP5.8.5 scenario. Thus, the results revealed that the spatio-
temporal variability of extreme rainfall can have repercussions on the hydrological functioning of watersheds,
water availability and water-dependent activities.
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1 Introduction

In recent decades, West Africa has been faced with a high fre-
quency and intensity of extreme hydro-meteorological events
which are mostly detrimental to socio-economic and environ-
mental issues (Quenum et al., 2019; Ajayi et al., 2020). Thus,
with the effects of global warming, precipitation regimes are
not only affected, but also an uneven distribution of pre-
cipitation is observed with repercussions on the hydrody-
namic functioning of watersheds and the quality of water re-
sources within the in ecosystems (Quenum et al., 2019). The
Inter-Governmental Panel on Climate Change (IPCC) pre-
dicts changes in temperature and precipitation regimes with
a high degree of confidence in the increase in the frequency
of extreme events (Pedersen et al., 2022). This frequency is
linked to the increase in the intensity and duration of storms,
cold or heat waves, the increase in the extent of regions af-
fected by drought and unexpected floods accompanied by
uneven consequences distributed for many regions. Accord-
ing to Obahoundjè et al. (2017), the rainfall recession can
reduce the availability of water resources with exacerbation
on agricultural land, industry, energy, food security and river
flow regimes. As for the occurrence of extreme rainfall, it can
cause the destruction of lives and properties of communities,
most of which are already vulnerable to extreme weather and
climate conditions with threats of terrorism (Odoulami et al.,
2019). Faced with this situation, the analysis of the spatio-
temporal distribution of rainfall as well as that of these trends
arouse the curiosity of this study not only to contribute to the
improvement and integrated management of water resources
but also for policy formulation, taking into account the im-
pact of climate change on socio-economic and environmen-
tal developmental programs with a view to integrating it into
the Sustainable Development Goals (SDGs). The analysis of
various characteristics and trends of precipitation is an essen-
tial task to improve the utilization of water resources. To do
this, several works have frequently used trend analysis in the
context of rainfall or even hydrological variability based on
approaches such as linear regression, Sen slope, Spearman’s
rho and trend tests by Mann-Kendall (Quenum et al., 2019).
However, this study conducted statistical analyses of precip-
itation data using the Sen’s slope that is basically applied to
identify the magnitude of trend in a data series which are not
serially auto-correlated (Şen, 2015).

The study therefore seek to investigate the extreme events
of drought and flooding inherent to rainfall in coastal coun-
tries in West Africa in the context of global warming.

1.1 The study area

The study area (Fig. 1) is located between latitudes 0–20° N
and longitudes 20° E–20° N which covers the Sahel, the

Table 1. Type of the scenarios.

Types of Scenarios Description

SSP1-2.6 More gradual decline in emissions
than RCP2.6 and a higher starting
point

SSP2-4.5 Higher starting point and slightly
slower decline than RCP4.5

SSP4-6.0 Quite different from RCP6.0, with
CO2 emissions peaking and declin-
ing

SSP3-7.0 Middle of the range of baseline re-
sults produced by energy system
models.

SSP5-8.5 Substantially higher CO2 emissions
than RCP8.5

Source: Adapted from CMIP 5 and CMIP6 Scenario comparison

Sudano-Sahelian and the Guinea coast regions. The study
focused much more on this last region with specific analy-
ses on the coastal countries (Senegal, Côte d’Ivoire, Benin,
Togo and Nigeria) which have watersheds with hydrological
potential for energy and agricultural purposes.

2 Data sources and methods

2.1 Data sources

For this study we used the daily observed reanalysis
covering (1983–2012) of CHIRTS (Tmin and Tmax) and
CHIRPS-2 (Rainfall) for 0.05°× 0.05° resolution to evalu-
ate the accuracy of the climate models (https://data.chc.ucsb.
edu/products/CHIRPS-2.0/, last access: 7 September 2023)
CHIRTS and CHIRPs-2 data have been validated with ob-
servation over West Africa by previous studies (Atiah et al.,
2020; Dembélé et al., 2016). The ensemble mean of the five
models of ISIMIP2b (GFDL, IPSL, MPI, MRI, UKESM1,
daily 0.5°× 0.5°) of (pr, tasmin, tasmax) over the historical
period spanning 1983 to 2012 and near future 2025–2054
with the scenarios SSP 1.2.6 and SSP 5.8.5 were merged to
analyse drought and flooding areas in coastal countries of
West Africa (Table 1) https://www.isimip.org/gettingstarted/
isimip2b-bias-adjustment/ (last access: 7 September 2023).

We used minimum and maximum temperature to compute
the Potential Evapotranspiration (PET) in the study area.

2.2 Methods

2.2.1 Characterization of flood events

For the characterization of areas or land prone to drought or
flooding in the coastal countries of West Africa in the context
of global warming, certain indices were developed by the Ex-
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Figure 1. Geographical location of the study area.

pert Team on Climate Change Detection Indices (ETCCDI)
were employed. Detailed descriptions of these indices are
available on the ETCCDI website (http://cccma.seos.uvic.ca/
ETCCDMI/software.shtml, last access: 7 September 2023).
In the present study, two (02) indices were calculated and
they are based on the extreme rainfall characteristic of floods.

– R95pTOT. Annual total PRCP when RR > 95p.
Let RRwj be the daily precipitation amount on a wet
day w (RR≥ 1.0 mm) in period I and let RRwn95 be
the 95th percentile of precipitation on wet days. If
W represents the number of wet days in the period.
R95pTOT were calculated by Eq. (1):

R95pj =

w∑
w=1

RRwj with RRwj > RRwn95 (1)

– R99pTOT. Annual total PRCP when RR > 99p:
Let RRwj be the daily precipitation amount on a wet
day w (RR≥ 1.0 mm) in period i and let RRwn99 be the
99th percentile of precipitation on wet days. If W rep-
resents the number of wet days in the period. R99pTOT
were calculated by Eq. (2):

R99pj =

w∑
w=1

RRwj with RRwj > RRwn995 (2)

2.2.2 Standardized Precipitation and Evapotranspiration
Index (SPEI)

The normalized precipitation evapotranspiration index
(SPEI) was highlighted in 2010 and has been the subject of
several studies in climatology, hydrology, water availability
and in research relating to agrarian systems (N’guessan Bi

Table 2. Classification of SPEI values.

Periods Indicators SPEI Values

Wet periods Extremely wet SPEI≥ 2
Severalty/very wet 1.5≤ SPEI < 1.99
Moderately wet 1≤ SPEI < 1.49

Near-Normal periods Near-Normal −0.99 < SPEI < 0.99

Drought periods Moderately dry −1.49 < SPEI≤−1
Severalty/very dry −1.99 < SPEI≤−1.5
Extremely dry SPEI≤−2

Source: Adapted from Vicente-Serrano et al. (2010).

et al., 2020). The normalized precipitation evapotranspira-
tion index (SPEI) focus on the difference between precipi-
tation and potential evaporation instead of just precipitation
(Vicente-Serrano et al., 2010). Thus, given its specificity in
measuring the severity of drought, analyzed drought vari-
ability and also of extreme wetness (Allen et al., 2011), it
was adopted in this research. The normalized precipitation
evapotranspiration index were calculated for 1, 3, 6, 9 and
12 months on each grid point for each dataset (Quenum et al.,
2019). However for this study, the results presented are those
of the SPEI generated over 12 months because the latter pro-
vide a representation of long-term precipitation patterns such
as those calculated over 12 months and contribute to the de-
tection of hydrological impacts (OMM and GWP, 2016). The
calculation method used in this research is presented in Ta-
ble 2.

The computation of potential evapotranspiration is used
to calculate the normalized Precipitation-Evapotranspiration
Index (SPEI). For that, Thornthwaite equation was used in
this research.
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Figure 2. Trends of the slope in the precipitation on very and ex-
tremely wet period during 1983–2012.

2.2.3 Method of trend analysis

Trend analysis of rainfall time series includes determination
of increasing and decreasing trend and magnitude of trend
and its statistical significance” (Quenum et al., 2019). Then
the Sen Slope trend was employed for this research. In ad-
dition these indicators were calculated on historical (1983–
2012) and near future periods (2025–2054) of precipitation
in West Africa.

3 Results and discussion

3.1 Spatial trend analysis of precipitation on very wet by
R95pTOT and extremely wet R99pTOT under
historical period (1983–2012)

The spatial trend of the extremely wet period under 1983–
2012 (Fig. 2), reveals on the one part that the very wet period
(R95pTOT) trend increase (between 0 to 0.5) over the entire
West Africa domain characterized by a positive slope. It is
important to note that this increase is slightly small in South-
ern and concern Benin, Togo, Ghana, Ivory Coast during the
historical periods. This is also true in Sahel countries.

As for the trend of extremely wet (R99pTOT) period, a
slight increase was observed (between 0 to 1) over the entire
West Africa domain characterized by a positive slope. For
this result, it is clear that there will be a decreasing trend of
R99pTOT along the Guinea Coast (North Benin, Togo and
Ghana). A similar trend was also observed in other countries
located in the Sahara and Sahel such as Burkina Faso and
Mali as well as Northern Cameroon and the lac Tchad.

3.2 Spatial trend analysis of precipitation on very wet by
R95pTOT and extremely wet R99pTOT near future
period (2025–2054) with scenario SSP 1.2.6 and
SSP 5.8.5

Trend in very wet period characterize by R95pTOT (Fig. 3)
shows a slight decrease and increase trend during the SSP
1.2.6 scenario in the near future while the results reveals a
clear increasing trend over the entire West Africa domain un-
der SSP 5.8.5 scenario characterized by a positive slope.

The analysis of the results by R99pTOT (Fig. 4) shows a
slight decrease trend during the SSP1.2.6 scenario in the near
future while we noted a clear increasing trend over the entire

Figure 3. Trend of Slope on very wet period in near future period
(2025–2054) with scenario SSP 1.2.6 and SSP 5.8.5.

Figure 4. Trend of Slope of the Scenarios SSP 1.2.6 and SSP 5.8.5
of wet period from SPEI for 12 months on 2025–2054.

West Africa, basically in the gulf of Guinea under SSP 5.8.5
scenario characterized by a positive slope (Fig. 4).

3.3 Analysis of trend in the wet and drought period with
SPEI for 12 months in the historical period
(1983–2012)

From near normal to extremely wet (Fig. 5), the spatial analy-
sis of trend by SPEI under 12 months, show a slight decrease
(between 0 to−2) and an increase (between 0 to 2) trend dur-
ing the historical which varies from one country to another.
Such a situation can contribute to the occurrence of floods.

Concerning the characterization of drought (Fig 6), it was
observed that from moderate to extremely dry, the spatial
analysis of trend by SPEI shows a slight increase (between
0 to 1) and decrease (between 0 to −2) trend during the his-
torical area; which suggests that there is an upward trend of
wet rain events reported on the analysis of Fig. 3.

This situation described above may have repercussions
both on water-dependent activities and on the hydrological
and hydroelectric dynamics of the West African watersheds.

The results show that from normal to extremely wet, the
spatial analysis of trend by SPEI show a slight decrease (be-
tween 0 to −2) and increase (between 0 to 2) which varies
from one country to another in near future (2025–2054) un-
der the SSP 1.2.6 (Fig. 7).

According to the analysis of Fig. 8, it should be noted that
the same scenario under SSP 1.2.6 was observed but the wet
period under SSP 5.8.5 will decrease slightly more than the
SSP 1.2.6 scenario.

Based on this result, we inferred that the data from the
SSP 1.2.6 scenarios are less pessimistic than those of SSP
5.8.5 and can be used to characterize wet rainfall events.
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Figure 5. Trend of the slope of historical wet from SPEI for 12
months under 1983–2012.

Figure 6. Trend of the slope of historical drought from SPEI for 12
months under 1983–2012.

During the near future period (2025–2054) with scenario
SSP 1.2.6, the results (Fig. 9), depict moderate to extremely
dry, while the spatial trend by the SPEI show a slight increase
of dry period in costal country in the Gulf of Guinea and
significance increase in the Sahel under the SSP 1.2.6.

This situation with SSP 1.2.6 scenario in the Gulf of
Guinea may be due to the influence of other physical fac-
tors such as oceanic effects that contributed to rainfall and
the regulation of global warming.

The results of Fig. 10, revealed the same situation as sce-
nario SSP 1.2.6. However, the drought with SSP 5.8.5 will
be slightly more severe than the 1.2.6 scenario that was char-
acterized by the drought period. We opined that the data of
the SSP 5.8.5 scenario are more pessimistic than those of the
SSP 1.2.6 scenario in terms of global warming.

4 Conclusions

The study confirmed that there is variability in the spatial
distribution of rainfall indices with an upward and downward
trend of dry and wet periods in the study area.

This situation is much more remarkable in the countries of
the Gulf of Guinea and can however cause extreme rainfall
events associated with floods or dry spells and consequently
repercussions on water-dependent activities and the hydro-
logical dynamics of rivers. Considering the data series stud-
ied, the upward trends in rainfall confirmed the return period

Figure 7. Trend of the in the wet period from SPEI for 12 months
in near future period (2025–2054) with scenario SSP 1.2.6.

Figure 8. Trend of the in the wet period with SPEI for 12 months
in near future period (2025–2054) with scenario SSP 1.2.6.

Figure 9. Trend of the in the drought period with SPEI for 12
months in near future period (2025–2054) with scenario SSP 1.2.6.

of rainfall reported in many studies over West African coun-
tries. However, the upward trend is weak. In conclusion, the
countries of the Gulf of Guinea and the Sahelian border to
the north of the study area are the wettest. In addition, the
upward or downward trend varies from one scenario to an-
other. The data analysis of the different scenarios SSP 1.2.6
and 5.8.5 deserve to be deepened in future studies.
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Figure 10. Trend of the in the drought period with SPEI for 12
months in near future period (2025–2054) with scenario SSP 5.8.5.
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