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Droughts are part of extreme meteorological phenomena that generate serious social, economic and
environmental consequences. This study seeks to characterize the historical (1976-2019) and projected
(2021-2050) meteorological drought in the Niger River Basin in Benin. To achieve this, the present study
used daily rainfall observations and simulations of two regional climate models (RCM) (HIRHAM and
REMO) from fifteen (15) rainfall stations installed around the basin. We used standardized precipitation
indices (SPI) at 12 and 36 months’ time steps. To have a normal distribution, the data were transformed
according to the Gamma distribution. The results revealed that over the historical period (1976-2019),
SPI showed increasing trends with near-normal droughts occurring about 90% and the other drought
classes around 10%. At the 12- and 36-month SPI scales, there are average durations of 17 and 32
months respectively and peaks of -1.52 and -1.12. In the future, according to the average representative
concentration pathway of the RCM, the trends remain very low (1/1000 per decade) with near-normal
droughts occurring at about 80 and 20% for the other classes. For SPI-12 and SPI-36 months, there are
likely mean drought durations of 19 and 40 months respectively with likely mean peaks of -1.5 and -1.6.
The changes assessment shows the decrease in near-normal droughts and the increase in moderate and
severe droughts on average compared to the baseline period. Drought durations are also expected to
increase with smaller peaks. These changes remain non-significant according to the Student's test.
Key words: Meteorological, drought, standardized precipitation index (SPI), Beninese Niger River Basin.

INTRODUCTION
The industrial revolution has favored the impact of human
activities on the environment, which is becoming more
and more important, altering the climatic balance and

thus having effects on precipitation and this phenomenon
leads to drought. Drought is a normal and frequent
feature of the climate. There are several types of
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droughts (Layelmam, 2008). Drought is defined from the
meteorological, hydrological, agricultural or socioeconomic point of view (FAO, 1996). Thus, drought does
not have a universal definition; there are as many
definitions of drought as there are water uses (Layelmam,
2008; McKee et al., 1993). Weather-related drought is a
natural phenomenon due to multiple causes, which vary
from region to region (WMO, 2006).
In recent years, several studies have focused on global
change, many of which have focused on droughts
(Layelmam, 2008). The drought of the 1970s was
manifested by a shortening of rainfall in West Africa
(Sow, 2007; Faye, 2013) and the Sahelian zone does not
say otherwise (Sarr, 2009). Indeed, in West Africa,
drought results in a decrease in river flows, or even a
cessation of flow in some rivers (Nicholson et al., 2000;
Chappell and Agnew, 2004; Dai et al., 2004). In fact, the
WMO counts a total of 1.3 billion people who died from
direct or indirect causes of drought, compared to 1.4
billion people who were affected by this phenomenon
from 1967 to 1991 (Layelmam, 2008). These phenomena
would be intensified by an agricultural practice not
adapted to the environmental and climatological
conditions, combined with the overexploitation of the
hydric reserves which accelerate the process of droughts
and sometimes lead to an irreversible situation, the
desertification. Thus, it appears that drought is one of the
most complex natural disasters that impacts on different
sectors, economic, social and environmental (ILWAC
Project, 2013). This phenomenon of drought does not put
the Beninese basin of the Niger River on the margin.
Benin's Niger River Basin, located in the semi-arid zone
is all the more affected as it is experiencing a significant
population increase. This increase in population
intensifies anthropogenic pressures on fragile resources
whose degradation is increasingly worrying (Ozer et al.,
2010). Throughout the Niger River, the hydrological
regime has evolved due to climate change and
anthropogenic impacts. There are only a few dams on the
Niger River, and future planned works will modify its
regime and the flooded areas (Mahe et al., 2011).
Indeed, in the basin, rainfall has dropped by 15 to 25%
since the beginning of the drought in the 1970s, but
towards the outlet of the basin, at Douna (101,200 km²),
annual flows have fallen by more than 65% (Paturel et
al., 2010). In order to highlight the dry sequences which
are so far slightly addressed in the Benin basin of the
Niger River and to assess their evolution in the near
future on the said basin, this work is interested in the
study of standardized precipitation indices at intervals of
12 and 36 months over the basin.

42% of the total area of Benin (114,763 km²). Located between
latitudes 10° and 12°30' north and longitudes 1°32' and 3°50' east,
it includes the Mékrou, Alibori and Sota sub-basins, and is generally
oriented SSW-NNE (Vissin, 2007). The implementation of this
research work required the collection of daily rainfall data observed
from 1976 to 2019 at 15 rainfall stations (Figure 1) installed around
the Beninese basin of the Niger River. These data are collected
from the Benin Meteorological Agency (Météo-Bénin) and are
complemented by data from the regional climate models DMIHIRHAM5 (Denmark) and MPI- REMO (Germany) which have
produced good results in the area (Badou, 2016). These RCM have
a resolution of 50 km each and have been forced by GCM outputs
(ECHAM5 for DMI-HIRHAM5 and MPI for MPI-REMO (table 1).
These models have, at the daily scale for precipitation, historical
simulations over the period 1960-2005 and simulations of RCP4.5
and RCP8.5 scenarios over the period 2006-2100. The future period
selected is 2021-2050. For the observations, the period 1990-2019
was chosen as the historical period to evaluate the changes.

Standardized precipitation Index
To analyze the drought in the Beninese Niger River Basin, we use
methods derived from the calculation of the Standardized
Precipitation Index which was developed by the University of
Colorado in 1990 (McKee et al., 1993). For this index, the
distribution of precipitation is generally positively skewed, and a
transformation is applied to the data to make their distribution
normal or Gaussian (Sharma, 1997).
In the present research, the data were transformed according to
the Gamma distribution. The calculation of the SPI therefore
involves fitting a Gamma probability density function to a given time
series of precipitation, whose probability density function is defined
as follows (Angelidis et al., 2011).
⁄
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Where: α>0 is a shape parameter; β>0 is a scale parameter
and x>0 is the amount of precipitation.

( ) : is the gamma function, defined by:
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Fitting the distribution to the data requires the estimation of α
and β. Using Thom's (1958) approximation, these parameters can
be estimated as follows:
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METHODOLOGY

̅

(5)

Description of the study environment and data
The Beninese Niger River Basin is located in the extreme north of
Benin (Figure 1). It covers an area of approximately 48,000 km² or

where: ̅ is the average value of the precipitation amount; n is the
precipitation measurement number, and x is the precipitation
amount in a data sequence.
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Figure 1. Location of the study stations.

Table 1. Characteristics of the regional climate models.

Model

Institution

HIRHAM5
REMO

DMI
CSC

Forcing
MCG de
EC-EARTH
MPI-ESM-LR

Horizontal
resolution (km)
50
50

The integration of the probability density function with respect to
x gives the expression G (x) for the cumulative probability given
below:

Vertical
level
31
27

Simulation

Reference

1951-2100
1951-2100

Christensen et al. (2006)
Jacob et al. (2007)

Where q is the probability of zero precipitation, calculated using the
following equation:
(9)
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∫
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(
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By substituting t= x / ß, the last equation is reduced to:

( )

( )

∫

(7)

It is possible to have several zero values in a sample. In order to
take into account the probability of zero values, since the Gamma
distribution is not defined for x=0, the cumulative probability function
for the Gamma distribution is modified as follows:

( )

(

) ( )

(8)

With m: number indicating how many times the precipitation was
zero in a temporal sequence of data; and n: number of observations
of precipitation in a sequence of data.
Finally, the cumulative probability distribution is transformed into
a normal distribution to give the SPI. After the approximate
conversion provided by Abramowitz and Stegun (1965), it follows
that:

(
√ ((

)
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)
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Table 2. Drought classes.

SPI value
-0.99 to 0.99
-1.49 to -1.0
-1.99 to -1.5
≤ -2

Evaluation of changes
Quantifying the effects of future changes in the extremes of daily
climate variables is of great necessity to enable assessment of the
vulnerability of hydrological systems to climate change.
In this study, future changes from the baseline period are
evaluated using Equation 17. The 2021-2050 projection period was
chosen to assess changes in droughts under the RCP4.5 and
RCP8.5 scenarios of the REMO and HIRHAM climate models. A
sub-period (1990-2019) was chosen as the reference period for
assessing changes.

Degree of drought
Near the normal
Moderate drought
Severe drought
Extreme drought

For: 0<H(x)<0.5
̅

̅
̅

(
√ ((

)

( ))

(17)

(12)

)

(13)

Where ̅ is the average of the hydroclimatic parameter over the
considered projection period and ̅ its average over the reference
period. Also, Student's t-test was applied on the hydrometeorological parameters to assess the significance of the quantified
changes.

For: 0.5<H(x)<1
;
.

RESULTS

To calculate the SPI, daily, weekly, or monthly records spanning at
least 20 to 30 years are ideally available, but 50 to 60 years or
more is the optimal time period (Guttman, 1994). Four classes have
been defined as shown in Table 2. The 12 and 36 month steps of
the SPI were considered for the study.
Considering these four drought classes, the drought risk was
estimated by the following formula:
(14)
RSi: Drought Risk of an event I; Fi: its Frequency; Fir: its rank
considering the 10th centile; and FT: the total frequency.

Analysis of the performance of bias corrections on a
monthly basis
Figure 2 and Table 3 show the performance of the bias
corrections method used by considering the monthly
averages of precipitation. On one hand, these results
show that the Delta method used to correct the data
performed well. Table 3 shows a large difference in the
mean absolute error (MAE) between the raw data and the
corrected data. The corrected data tend to zero. On the
other hand, we noticed that the Delta method is more
effective in Kandi, Parakou and Natitingou in comparison
to Bembereke (Figure 2).

(15)
With RS the Drought Risk,
∑
in Moderate drought,
∑
in Extreme drought.

∑
∑

in near normal drought,
in Severe drought and

Bias correction
The 'Delta change' (DC) method has been used for model data
correction. It is the simplest and most widely used bias correction
method (Graham et al., 2007; Moore et al., 2008; Sperna Weiland
et al., 2010) and consists of scaling the observations to obtain the
corrected simulations. It is a modest method in which the
parameters are usually corrected with a multiplier or addictive
factor. In this method, the factor scaled to a period is applied to
each incorrect daily observation in the same period to generate the
corrected daily time series (Lafon et al., 2013). Equation 16 is used
to correct the precipitation data in this precipitation study.

xcor,i

xo,i ×

μp
μb

(16)

Where
, represents the corrected parameters;
, the observed
parameters.
et
are respectively the average of the simulated
data of the base period and the average of the data of the
projection period.

Analysis of historical droughts
Figure 3 shows the average occurrence of different types
of droughts in the Beninese Niger River Basin during the
period 1976-2019. At the 12-month scale, the SPI in the
Beninese Niger River Basin is characterized by 91%
near-normal drought conditions, 7% moderate drought,
1% severe drought and 1% extreme drought (Figure 3).
On the other hand, at the 36-month scale, 92, 6, 1 and
1% of droughts are respectively near-normal, moderate,
severe and extreme (Figure 3). For these two steps of the
SPI, during 1976-2019, near-normal droughts occurred
more frequently. This is followed by moderate, severe,
and extreme droughts in succession.
The extent of drought averages 17 months for the SPI12 months and 32 months for the SPI-36 months in the
study basin (Figure 4). There is a decrease in the
durations of the 12-month SPI with increasing latitude,
while the opposite is observed with the 36-month SPI
(Figure 4). The mean intensity of the 12-month SPI is 1.52, whereas the 36-month SPI is -1.12 (Figure 4). Both

Alamou et al.

Figure 2. Performance of the Delta correction method on monthly rainfall (line 1= raw data, line 2=corrected data).
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Table 3. Performance of the Delta correction method on rainfall variables.

Variable

Parameter
Standard
deviation

Station
Observation Raw HIRHAM Corrected HIRHAM Raw REMO Corrected REMO
Kandi
90.62
86.34
92.62
112.13
101.57
Natitingou
95.70
125.82
97.24
110.68
104.12
Parakou
87.15
83.50
91.74
131.00
99.75
Bembèrèkè
95.44
96.38
89.26
111.79
88.15

Precipitation
Kandi
Natitingou
Parakou
Bembèrèkè

MAE

11.06
34.96
7.79
14.92

3.37
3.54
4.28
7.19

SPI 12 month

24.19
17.71
40.87
16.91

6.26
10.20
9.88
7.49

SPI 36 month
Mild driught

1%
7%

1%

6%
Moderate drought

1%

Mild driught
Moderate drought

Severe drought

1%

Extreme drought

Severe drought

Extreme drought
92%

91%

Figure 3. Occurrence of drought types.

SPI windows show intensities that decrease with
increasing latitude (Figure 4).
On the other hand, the 12- and 36-months SPI over the
basin show very weak increasing trends time series
(Figure 5). This trend reflects an increase in rainfall
amounts over the sub-study period.
On a 12-month SPI scale, severe and extreme
droughts occurred more in the central part of the basin
than in other parts (Figure 6). In contrast, the south
experienced more moderate droughts and the east of the
basin experienced near-normal droughts (Figure 6). At
the 36-month SPI scale, the same observation, as in the
case for the 12-month SPI level, is made for extreme,
severe and near normal droughts (Figure 6). However,
moderate drought has its highest values in the western
part of the basin with the 36-month SPI (Figure 6).
Drought risks based on frequencies of occurrence and
ranks of drought events for the 12 and 36-month SPI
windows are shown in Figure 7. At the 12-months SPI
scale, drought risk increases with increasing latitude. In
contrast, at 36-month SPI, the risk of drought is highest in
the southwest and lowest in the southeast of the basin

(Figure 7).

Projected drought analysis
The average occurrences of the different types of
droughts for each SPI window and for each scenario of
each model for the future (2021-2050) in the Beninese
Niger River Basin are presented in Figure 8. At the 12month scale, the SPI is characterized by 78 to 80% of
near- normal drought conditions for both models (Figure
8); moderate droughts for their part vary between 10 and
18%, then severe droughts for this window vary between
5 and 10% and finally extreme droughts vary between 2
and 5% (Figure 8). It should be noted that with the
HIRHAM model, the moderate droughts are more
pronounced than with the REMO model, whereas the
opposite is observed with the near-normal droughts
(Figure 8). On the other hand, at the 36-month scale of
the SPI, variations between 78 and 82%, between 20 and
17%, between 5 and 10% and between 1 and 4% are
observed for near-normal, moderate, severe and extreme
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Figure 4. Spatialization of drought duration and intensity.

Spatial SPI 36 months mean Variation for 1976-2019

Spatial SPI 12 months mean Variation for 1976-2019

y = 3E-05x - 0.9696 SPI-12

1
SPI values

(b)

regression SPI-12

0.5
0
-0.5
Dec-76
Sep-78
Jun-80
Mar-82
Dec-83
Sep-85
Jun-87
Mar-89
Dec-90
Sep-92
Jun-94
Mar-96
Dec-97
Sep-99
Jun-01
Mar-03
Dec-04
Sep-06
Jun-08
Mar-10
Dec-11
Sep-13
Jun-15
Mar-17
Dec-18

-1

Mois

SPI-36

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6

Regression SPI-36

y = 2E-05x - 0.6415

Figure 5. Chronological evolution of (a) SPI-12 and (b) SPI-36 over the study area month.

Sep-94
Jun-96
Mar-98
Dec-99
Sep-01
Jun-03
Mar-05
Dec-06
Sep-08
Jun-10
Mar-12
Dec-13
Sep-15
Jun-17
Mar-19

1.5

SPI-12

Dec-78
Sep-80
Jun-82
Mar-84
Dec-85
Sep-87
Jun-89
Mar-91
Dec-92

(a)
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Figure 6. Spatialization of drought type occurrence (1976 – 2019): 12 and 36 months’ time scale.
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Figure 7. Spatialization of drought risks.

Figure 8. Average drought occurrence for the future (2021-2050).

droughts respectively (Figure 8).
Drought extents and intensities are presented in Figure
9. On average, the 12-month scale drought durations of
the SPI in the future (2021-2050) will decrease from the
south of the basin to the north for both HIRHAM model
RCP4.5 and RCP8.5 scenarios (Figure 9). In contrast,
RCP4.5 of the REMO model has the low values of
drought durations in the west and south of the basin
(Figure 9). The RCP8.5 of the same model will show the
low values of drought duration in the center of the basin
(Figure 9). The HIRHAM RCP4.5 scenarios show the
same variation for drought durations and intensities. For
RCP8.5 of the same model, the low intensity values will
be located in the east of the basin (Figure 9). At the same

time that the REMO RCP4.5 model has the low peak
drought values in the center of the basin, the REMO
RCP8.5 model has the high peak values (Figure 9). At
the 36-month SPI scale, the scenarios show the same
variations for drought peaks and durations (Figure 9). For
the 12-month SPI, there are average durations of 15, 16,
19, and 18 months with intensities of 1.6, 1.65, 1.7, and
1.75 for HIRHAM's RCP4.5 and RCP8.5 and REMO's
RCP4.5 and RCP8.5, respectively (Figure 9). Whereas
for SPI-36 months these durations are 26, 45, 30, and 45
with intensities of 1.9, 1.75, 1.7, and 1.8. Historically, the
drought extent averages 17 months for the 12-month SPI
and 32 months for the 36-month SPI over the study basin
during the reference period, whereas the average
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Figure 9. Spatialization of projected drought durations and peaks (2021-2050).
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Figure 10. Chronological evolution of SPI over the course of 2021-2050.

Intensity of the 12-month SPI is -1.52 and that of
the 36-month SPI is -1.12 (Figure 9).
In the Beninese basin of the Niger River, the
two climate models used predict very weak
chronological increasing trends for the 12- and 36month SPI through the RCP4.5 and RCP8.5
scenarios (Figure 10). This increase was also very
small in the past.
At the 12-month SPI scale, moderate and
severe droughts will occur more in the north of the

basin with the HIRHAM RCP4.5 scenarios while
near-normal and extreme droughts will occur
more in the south of the basin (Figure 11). For
RCP8.5 scenarios of the same model, nearnormal and moderate droughts will be high in the
south and severe and extreme droughts will be
high in the north of the basin (Figure 11). The
REMO model presents through its RCP4.5
scenarios for the near future, near normal
droughts in the east of the basin, moderate

droughts in the west of the basin, severe droughts
in the south and extreme droughts in the north of
the basin (Figure 11). With RCP8.5 scenarios of
the same model, we notice that near normal
droughts occupy all but a portion of the basin,
moderate droughts occur only in a small portion of
the south, severe droughts occur in the west of
the basin, and extreme droughts occur in the
center and south of the basin (Figure 11). In
contrast, at 36 months SPI, the HIRHAM RCP4.5
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Figure 11. Spatialization of drought types for the near future.
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Figure 12. Spatialization of drought risk over the future.

scenarios show moderate and extreme droughts in the
east of the basin and near normal and severe droughts in
the west of the basin (Figure 12). With the RCP8.5
scenarios of the same model, near normal and extreme
droughts are found in the south of the basin, moderate
droughts in the center and severe droughts in the north of
the basin (Figure 12). For the REMO model, RCP4.5
scenarios shows near normal droughts in the north and
east of the basin, moderate droughts are shown over all
but a small portion of the west. Severe droughts are
located in the west and extremes in the east (Figure 12).
For RCP8.5 scenarios of the REMO model, near normal
and extreme droughts are detected over the entire basin
except for a portion in the northwest for extreme drought.
Moderate droughts are weak in the north and east while
severe droughts occupy these parts of the basin (Figure
12).
Drought risks are low in the northern part of the basin
at 12 months of the SPI, whereas at 36 months they are
high in this part of the basin with RCP4.5 scenarios of the
HIRHAM model. For the RCP8.5 scenarios of the same
model, we notice the opposite effect than the one
observed with the RCP4.5 scenarios (Figure 12). With
the REMO RCP4.5 scenarios and for the 12-month SPI,
the risk is high everywhere except for a small portion of
the southern basin (Figure 12). For the 36-month SPI,
this scenario has the risk of drought in the north and east

of the basin (Figure 12). For the RCP8.5 scenarios of the
same model, the risk of drought is localized in the
northeast at 12 months of the SPI while at 36 months
only the center of the basin is spared (Figure 12).

Evaluation of changes
During 2021-2050, HIRHAM RCP4.5 and RCP8.5
scenarios and REMO RCP8.5 scenarios show average
decreases of 4, 5 and 1.5% in near-normal droughts
respectively for the 12-month SPI compared to the
baseline period, while for REMO RCP4.5 scenarios these
droughts changes are around 0.5% (Figure 13).
Moderate droughts are around 3.1 and 3.2% respectively
with HIRHAM RCP4.5 and RCP8.5 scenarios compared
to the baseline period, while they are about 2.4 and 0.2%
respectively with REMO RCP4.5 and RCP8.5 scenarios
(Figure 13). Severe droughts for the 12-month SPI
during2021-2050 are predicted to increase by 1.2, 2.7,
and 2% with HIRHAM RCP4.5 and RCP8.5 scenarios
and REMO RCP8.5 scenarios, respectively, relative to
the baseline period. Meanwhile, REMO's RCP4.5
predicts severe droughts down by 0.5% from the baseline
period (Figure 13). During this period, extreme droughts
will decrease by 0.4, 1, and 0.4% from the baseline
period with HIRHAM RCP4.5 and REMO RCP8.5
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Figure 13. Change mean in projected drought type from the baseline period (between 1990-2019 and 2021 – 2050).

Figure 14. Change in projected drought risks, durations, and peaks from the baseline period (between 1990-2019 and 2021 2050).

scenarios, respectively, and increase by 2.5% with
REMO RCP4.5 scenarios (Figure 13).
For SPI-36 months during 2021-2050, REMO RCP4.5
and HIRHAM RCP8.5 will show average decreases of
4.1, 1.4, and 1.3% in near-normal droughts relative to the
baseline period, respectively, while for HIRHAM RCP4.5
these droughts are projected to increase by 2.5% (Figure
13). Moderate droughts will decrease by 3.4 and 0.7%
respectively with the RCP4.5 of both models compared to
the baseline period while they will increase by 3.3 and
1.2% respectively with the RCP8.5 of both models
(Figure 13). Severe droughts for the 36-month SPI during
2051-2080 are predicted to increase by 0.03, 2.02, and
0.7% respectively by the HIRHAM RCP4.5 and RCP8.5
scenarios and the REMO RCP4.5 scenarios relative to

the base period, while the REMO RCP8.5 scenarios
predicts them to decrease by 0.32% relative to the base
period (Figure 13). During this period, extreme droughts
for the SPI-36 months will increase by 1.4, 1.4 and 0.4%
from the baseline period with the HIRHAM RCP4.5
scenarios and REMO RCP4.5 and RCP8.5 scenarios
respectively and decrease by 1.2% with the HIRHAM
RCP8.5 scenarios (Figure 13).
Regardless of the scenario, variations around -0.2 and
0.2 for drought peaks relative to the baseline period are
noted across Figure 14. During 2021-2050 and for the
12-month SPI, drought risks will decrease by 1, 1.3 and
0.5 respectively with HIRHAM RCP4.5 and REMO
RCP4.5 and RCP8.5, while they will increase by 1.5 with
HIRHAM RCP8.5 scenarios (Figure 14). During the same
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Figure 15. Significance of the SPI changes (2021-2050)
predicted by the scenarios.

period and for the same SPI window, dryness durations
increase by 0.4 and 1.7 months with REMO RCP4.5 and
RCP8.5 scenarios respectively and decrease by 2.3 and
2.5 months with HIRHAM RCP4.5 and RCP8.5
respectively (Figure 14). At 36 months of SPI, the
durations will decrease during 2021-2050 by 16 and 11.1
months respectively with RCP4.5-HIRHAM and RCP4.5REMO while increases of 5.6 and 0.5 months are
observed with RCP8.5-HIRHAM and RCP8.5-REMO
(Figure 14). For the same time period and SPI step,
drought risks increase on average by 1.96 for all models
(Figure 14).
From Figure 15, we can see that none of the changes
observed in the SPI indices are significant according to
the Student's test (p-Value > 0.05) applied to the 95%
confidence interval.

DISCUSSION
A non-significant temporal increase in SPI is projected
over the period 2021-2050 in comparison to the baseline
period. This reflects that the wet conditions observed
during the baseline period will continue for the next 30
years. Furthermore, in the past, 90% of the droughts
observed in the basin are near-normal droughts. For the
projections, whatever the period, droughts which are
close to normal represent about 78% of cases. This
implies an increase in the other drought classes
(moderate, severe and extreme). If we consider the
average of the two scenarios of the two regional climate
models used in the present study, the droughts based on
the SPI 12 and 36 months, for the period 2021-2050 will
increase as well as the drought lengths and some
drought peaks and this situation exposes the basin to
drought. Furthermore, it should be noted that these
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predicted drought variations from all investigated models
will impact the primary activities of the basin and
therefore the economy of the study region. These results
on future droughts appear to be global. For example,
Zhao et al. (2020) predicted increases in extreme
droughts for many regions of the world and the risk is
sometimes tripled in some regions. In Zhao et al. (2019),
northern America should expect severe droughts for the
next 100 years. Spinoni et al. (2020) also reached this
last conclusion but added that if only precipitation is
considered to predict droughts, the latter will decrease in
North America, Amazonia, Central Europe and Asia,
Horn of Africa, India and Central Australia. However, if
temperatures are taken into account, the droughts will
increase.
Regarding the duration of drought, it will vary greatly
compared to the reference period. These variations will
reach 15 months of decrease for certain models.
However, it should be noted that these drought durations
will be accompanied mostly by low drought intensities.
For Somsubhra et al. (2017), the durations (lengths) of
meteorological droughts will be slightly less than or equal
to those of the historical period in Kentucky at the same
time that drought intensities will decrease in the same
area. These results were also obtained since 1995 for the
countries sharing the Gulf of Guinea by Paturel et al.
(1995). Koudamiloro et al. (2015) also showed that the
Oueme at Beterou Watershed in Benin is characterized
by droughts to varying degrees.

Conclusion
The two scenarios of the two climate models show
increasing trends in the standardized precipitation indices
calculated at the 12 and 36 months’ time step for the two
study periods (1976-2019 and 2021-2050). These
variations are very small (not significant) and oscillate
around 1 per millennium, that is, very close to zero (0).
Nevertheless, it should be noted that the droughts for the
periods will probably be more extensive with low
incidences than compared to the base period. This
situation will impact the availability of water in the basin
and predispose it to the risk of flooding, and therefore to
environmental degradation and reduced agricultural yield,
not to mention the degradation of transport infrastructure.
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