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Abstract 
Climate change has led human beings to take an interest in the study of me-
teorological and climatic phenomena. In fact, the main impact of climate 
change on different sectors of society is caused by extreme events since the 
occurrence of extreme events leads to more impact related to change in mean 
climate. Unfortunately, the West African region is vulnerable to extreme 
rainfall impact because its economy is based on rain-fed agriculture. This 
study examined the seasonal variability of extreme rainfall in West Africa. 
Eight (8) climate indices were chosen from among the 27 defined by the Ex-
pert Team on Climate Change Detection and Indices (ETCCDI). The nonpa-
rametric Mann-Kendall test was used to assess the seasonal trends. The in-
dices of the same types (frequency or intensity) were compared to assess the 
intra-seasonal variation of extreme precipitation. The results indicate that, 
regardless of the season, the Gulf of Guinea receives more rainfall than the 
Sahel. This phenomenon is due to the fact that the coastal part of West Africa 
is under the influence of evaporation which is observed at the Atlantic Ocean 
and during the monsoon, while the other part is dominated by the desert. 
Mann-Kendall’s test revealed upward and downward trends during each sea-
son. The increase in extreme rainfall trends in the number of consecutive dry 
days suggests that droughts, due to global warming, could be observed and 
could have severe consequences in terms of water availability, energy supply, 
agricultural yields and ecosystems in West Africa. In addition, it can lead to 
the loss of biodiversity and health issues. It is therefore essential for policy-
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makers or decisions makers to determine strategies and mitigation measures 
against climate change and its impacts on populations. 
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1. Introduction 

The reality of climate change is no longer a secret but rather a major problem of 
our century that threatens several development sectors. This situation has led 
man to take an interest in the study of meteorological and climatic phenomena. 
Thus, the increase of droughts, floods or hurricanes frequency and intensity, has 
made the deepening of the study of the climate and its variations very topical 
and encourages the scientific community to intensify its efforts in order to iden-
tify changes on a global scale [1]. Recent agreement on the increase in rainfall, 
since the end of the 1990s some scientists [2] [3] [4] [5], showed that the mean 
rainfall of the decades from 1970 to 2009 remained lower than the decades from 
1900 to 1970. Moreover, some authors found an intensification of rainfall regime 
in the Sahelian region since 2000, characterized by a greater contribution of ex-
treme precipitation to the annual total rainfall [6] [7]. Future projections of the 
global climate predict an intensification of average warming, in addition to the 
variability of precipitation and also a frequency and intensification of extreme 
events [8]. It is also the case of many climate projections which have shown that 
West Africa will experience a significant increase in temperatures associated 
with high variability in rainfall [9] [10]. As for trends, extreme precipitation in-
dices have been observed on a large scale [11], in Europe [12] [13], in South 
America [14], in Asia [10] and in West and North Africa [15]. 

It was shown in [8] that Africa is among the most affected areas due to its 
constantly increasing population and a lack of adequate adaptation strategies 
[16]. West African region is also vulnerable to extreme rainfall impact because 
its economy is based on rain-fed agriculture [17]. For example, in the 1970s and 
1980s, West Africa is experienced severe droughts which caused enormous eco-
nomic loss due to the decline in agricultural production, loss of livestock and 
lower production of hydroelectric power, etc. After this period of drought, a re-
sumption of precipitation is observed with an increase in the intensity and fre-
quency of daily extreme rainfall in the decades 2000 and 2010 [17]. This led to 
an increase in the frequency and intensity of floods and cause material and hu-
man damages. The main impact of climate change on different sectors of society 
is caused by extreme events since the occurrence of extreme events leads to more 
impact related to change in mean climate [18]. Considering the effects of climate 
change on water resources, food security and ecosystems in West Africa, current 
fluctuations in the rainfall regime need to be mastered in order to assess the fu-
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ture rainfall dynamics. The study of the regional climate of West Africa takes 
part in the major international issues, in the articulation between the under-
standings of the evolution of the climate, the societal challenges to the popula-
tions and to the decision-makers to face global changes. This is the reason why 
the variability of climate has been the subject of several studies in West Africa 
[7] [19]-[24]. However, most of the investigated previous research studies were 
limited to the analysis of annual or monthly rainfall data. [25] showed that in the 
West African region, precipitation is characterized by high variability in both 
interannual and decadal scale. The same region experienced the strongest fluc-
tuation in intra-seasonal precipitation during the second half of the 20th century 
[26] [27]. 

The present research study aims to identify seasonal climate changes in West 
Africa. Specifically, the work consists in analyzing the intra-seasonal variability 
of extremes rainfall indices. The study of extreme rainfall and its evolution over 
West Africa is very important for the implementation of operational manage-
ment of flood, drought, food security, risk, mitigation policies, which are cur-
rently under-developed in this country. 

2. Materials et Methods 
2.1. Presentation of the Study Area 

West Africa is located between latitude 4˚N and 28˚N and longitude 17˚W and 
16˚E, covering a total area of 6 million km2. The seasonal oscillation of the in-
ter-tropical convergence zone in the north-south direction of West Africa de-
fines the climate zones [28] because it determines the amount of précipitations 
that each climate zone obtains annually. The Köppen-Geiger climate zones of 
West Africa [29], which occur in the latitudinal strata as shown in Figure 1 are: 
the equatorial monsoon zone, the equatorial winter and arid desert zone. Annual 
precipitations across these different areas are relatively constant by following 
longitude, but decrease from south to north. The description of the climate sys-
tem is presented in relation to the general atmospheric circulation of which it 
constitutes an important component [30]. The atmospheric equilibrium is 
maintained through this general circulation. The West African climate mechan-
ism is mainly based on the soil-atmosphere-ocean interaction which determines 
the dynamics within the intertropical convergence zone (ITCZ) over the region 
[31]. 

2.2. Data 

Data used consist of observed and satellite dataset of CPC Global PRCP V1.0; 
(https://www.Esrl.noaa.gov/psd/data/gridded/data.cpc.globalprecip.html). It is a 
daily gridded precipitations dataset with 0.5˚ longitude × 0.5˚ latitude spatial 
resolution. It covers the period from 1980 to 2018. 

Eight (8) indices of extreme rainfall indices defined by the Expert Team Mon-
itoring on Climate Change Detection and Indices (ETCCDI) [32] were investi-
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gated. These indices capture not only the intensity and duration of changes in 
rainfall, but also the frequency of heavy precipitation events. The investigated 
extremes climate indices are showed in Table 1. 

These indices are on a daily time step and ETCCDI have proposed a set of 
climate indices enabling comparison accross different regions [33] [34] [35]. The 
advantage of using these indices in detecting climate change is that they can be 
applied to different climate parameters such as minimum temperatures, maxi-
mum temperatures and precipitations at daily time step. They are easily unders-
tandable and manageable for studies of climatic impacts on the socio-economic  

 

 
Figure 1. Map of West Africa showing the climatic zones. 

 
Table 1. Precipitation indices used in the study. 

Indice Descriptive name Definition Units 

P Annual precipitation total of wet day Annual total precipitation for wet day mm 

R1 Number of wet days precipitation Annual count of days when R ≥ 1 mm days 

CDD Consecutive dry days Maximum number of consecutive dry days days 

CWD Consecutive wet days Maximum number of consecutive wet days days 

R20 mm Very heavy precipitation days Annual count of days when RR ≥ 20 days 

SDII Simple daily intensity indiex Average precipitation on wet days mm/day 

RX1day Maximum 1-day precipitation Annual maximum 1-day precipitation mm 

Rx5day Maximum 5-day precipitation Annual maximum consecutive 5-day precipitation mm 
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level [36] [37]. In this study, we analyzed eight (08) extreme précipitations in-
dices defined by ETCCDI. Some of them are based on fixed thresholds which are 
the same for all stations. Details of the indices are presented in Table 1. 

2.3. Methods 

The characterization of the seasonal variability in West Africa is made over the 
period 1980-2018 through an analysis of the average and the trend of the inves-
tigated extreme rainfall indices. To achieve this goal, we use Mann Kendall test 
to assess seasonal trends in the study area. 

Mann-Kendall test is a non-parametric test commonly used to detect mono-
tonic trends in the series of meteorological, hydrological, environmental data, 
etc… [38] [39] [40]. The main advantages of Mann-Kendall test are the low sen-
sitivity in homogeneous time series [41] and the non-requirement of normal 
distributed time series since the test is non-parametric (distribution-free test). 
The null hypothesis (H0) shows no trend in the series and data, which come 
from an independent population, are identically distributed. The alternative hy-
pothesis (H1) indicates that the data follow a monotonic trend (upward or 
downward trend). It is calculated following these equations. 
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The mean of S is E [S] = 0 and the variance of S is computed by Equation (3) 
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where n is a number of data points, q is the number of tied groups and tp is the 
number of data values in the pth group. 

Normal approximation (Z statistic) is generally used when the sample size is 
more than 10. Z statistic is given by Equation (4). 

( )

( )

1 if 0

0 if 0
1 if 0

S S
VAR S

Z S
S S

VAR S

− >

= =
 + <


                   (4) 

A positive Z value denotes increasing trend, while a negative Z value indicates 
decreasing trend. At α level of significance, (H0) is rejected if the absolute value 
of Z is greater than 1 2Z α− , where 1 2Z α−  is obtained from the standard cumu-
lative distribution tables [42]. 
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Theil-Sen’s slope 
The magnitude of a trend was also assessed by using the Theil-Sen’s estimator. 

This slope is a robust estimation of the magnitude of a trend [38] and it is calcu-
lated as following (Equation (5)): 

j i

j i

x x
b median

t t
 −

=   − 
                      (5) 

where ix  and jx  are respectively the variable values at times it  and jt . 

3. Results and Discussion 
3.1. Seasonal Variability of Extreme Rainfall Indices 
3.1.1. Intensity Indices 
Figure 2 presents the seasonal interannual averages of rainfall (P) and the simple 
daily intensity index (SDII) over the period from 1980 to 2018. It can be seen 
from this figure that, whatever the season, the Gulf of Guinea is more watered 
than the Sahel region. This is due to the fact that the south of West Africa is a 
coastal part and is therefore under the influence of evaporation observed in the 
Atlantic Ocean during the monsoon, while the north is dominated by the 
desert. The rainfall amounts for the JJA (June-July-August) and SON (Septem-
ber-October-November) seasons are the highest. Indeed, they vary respectively 
from 0 to approximately 1500 mm for JJA and from 0 to 1000 mm for the SON 
season. The rainfall amounts for these two seasons actually represent the rains of 
the West African monsoon. From all of the above, it emerges that there is a de-
crease in the average daily rainfall and also a rarity of rainfall events depending 
on the monsoon season. 

Regarding the simple daily intensity index, they are also high in the South and  
 

 
Figure 2. Seasonal interannual average of rainfall (line 1) and simple daily intensity index (line 2). 
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low in the North. These indices have also a seasonal distribution similar to the 
observed rainfall. The highest SDII of about 15 to 20 mm/day is found in coastal 
region on MAM (March-April-May), JJA and SON seasons. A cross-analysis of 
these two indices shows that the increase in precipitation is more systematic in 
the southern part of West Africa during the JJA and SON seasons. It follows that 
the changes in the intensity of precipitation correspond to the spatial evolution 
of the number of rainy days from the north to the south of this area of West 
Africa. 

Figure 3 shows the seasonal interannual averages of maximum 1-day precipi-
tation (Rx1day) and maximum 5-days precipitation (Rx5day). As Figure 1, it is 
showed that for these two indices, the values are higher in the South than in the 
North. The maximum rainfall amount in one day are obtained during the JJA 
season followed by the SON and MAM seasons (March April May). During this 
season, Rx1-day varies from 0 to 100 mm/day. Regarding the Rx5-days, the SON 
season has the highest values, followed by the DJF (December-January-February) 
and JJA seasons. Although JJA is the main rainy season in West Africa, Rx5-days 
are lower than those of the SON season, as they vary from 0 to 140 mm. 

3.1.2. Frequency Indices 
Figure 4 shows the seasonal interannual averages of number of wet days and 
Number of very heavy precipitation days. Whatever the season, the number of 
wet days and very heavy precipitation varies according to the latitude. It is high-
er in the South and lower in the North. Regarding the number of wet days, the 
JJA season has the highest number of wet days which varies from about 60 days 
in the South to 0 in the North. The SON and MAM season follow with values 
ranging from 50 days to 0 and 40 days to 0 respectively. The DJF season has the 
smallest number (roughly equal to 0) of rainy days in the region. 

 

 
Figure 3. Seasonal interannual average of Rx1day (line1) and Rx5day (line 2). 
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The same is observed with the number of very heavy precipitations days, 
which varies respectively from about 20 days to 0 during the JJA season, 15 days 
to 0 during the SON and MAM seasons. This number is practically 0 day for the 
DJF season. 

Figure 5 shows the interannual averages of consecutive dry days (CDD) and 
the consecutive wet days (CWD) in West Africa over the period 1980 to 2018. 
Consecutive dry days decrease, regardless of the season, from the North to 
South. The Consecutive dry days of MAM season varies from around 60 to 90 
days, while for the JJA and DJF seasons, it is low in the South and varies between 0 
and 41 days. The SON season is the one which contains the weakest consecutive  

 

 
Figure 4. Seasonal interannual mean of number of wet days (column 1) and number of 
very heavy precipitations days (column 2). 

 

 
Figure 5. Interannual seasonal average of CDD (column 1) and CWD (column 2). 
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dry days, especially between latitudes 5 and 20˚N with values between 0 and 30 
days. 

The consecutive wet days have an opposite direction of variation on the lati-
tude. The SON and DJF seasons have the high consecutive dry days. 

The duration of the consecutive dry days within the rainy season is therefore 
increase from the costal regions to the Sahara, confirming the irregularity of the 
rainfall regime in West Africa. 

3.2. Trends in Extreme Rainfall Indices in West Africa 
3.2.1. Intensity Indices 
Figure 6 shows seasonal trends of annual precipitation over West Africa. This 
figure indicates a mix of positive and negative seasonal trends over West Africa. 
These trends are between −1.25 mm/year and 2 mm/year for DJF season, while 
for MAM, it is between −7.5 mm/year and 6 mm/year. For JJA, trends vary be-
tween −15 mm/year and 25 mm/year, while for SON season they are between 
−10 mm/year and 15 mm/year. During the DJF and MAM seasons, downward 
trends are mostly found over West Africa. These trends are significant for DJF 
season over Mauritania, Sierra Leone, Southern of Nigeria, Southeasten of Niger, 
while for MAM season significant trends are only found in costal region between 
5˚N and 12˚N. Increase trends are detected mostly in the coastal regions, such as 
southern of Liberia, Ivory Coast, Ghana, Nigeria, Middlewest Cameroon for DJF 
season, while increase trends are found in middle of Nigeria, Malia, middle of 
Cameroon. 

JJA and SON seasons are marked by increase trends over West Africa. These  
 

 
Figure 6. Trends in seasonal rainfall (mm/year) in West Africa over the period 1980 to 2018. 
Hatching indicates regions where trends are significant at the 95% confidence level. 
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increasing trends are sometimes significant. However decrease trends are ob-
served for both sesons over Liberia and southern of Nigeria, nothern Malia and 
northern Niger. 

Figure 7 shows seasonal trends of simple daily intensity index (SDII) over 
West Africa. For all seasons there is a mix of upward and downward trends over 
West Africa. These trends are between −5 mm/year and 5 mm/year for DJF sea-
son, while for MAM, it is between −2 mm/year and 1 mm/year. For JJA, trends 
vary between −0.25 mm/year and 0.5 mm/year, whereas they are between −0.5 
mm/year and 0.5 mm/year for SON season. 

For DJF, few significant trends were observed over Northern Mauritania, 
Southern Algeria and Southern Nigeria, while significant increase trends were 
found over only middle Niger. Few significant trends are observed for MAM. 
These trends are located mostly in southern West Africa. Negative significant 
trends cover Northern Ivory Coast and Western Ghana, while positive signifi-
cant trends are located in middle of Nigeria and northern of Mauritania. For 
both JJA and SON trends magnitude are very slight and are constituated by spa-
tial mix of increase and decrease trends which are sometimes statistically signif-
icant at 95% confident level. 

Figure 8 shows seasonal trends of maximum 1-day precipitation (Rx1day) 
over West Africa. For all seasons there is a mix of increase and decrease trends 
over West Africa. These trends are between −0.5 mm/year and 0.7 mm/year for 
DJF season, while for MAM, it is between −1 mm/year and 1 mm/year. For both 
JJA and SON, trends vary between −2 mm/year and 2 mm/year. 

For both DJF and MAM, statistically significant trends at 95% confident level  
 

 
Figure 7. Trends in seasonal simple daily intensity index (mm/year) in West Africa over 
the period 1980 to 2018. Hatching indicates regions where trends are significant at the 
95% confidence level. 
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Figure 8. Trends in maximum 1-day precipitation (mm/year) in West Africa over the pe-
riod 1980 to 2018. Hatching indicates regions where trends are significant at the 95% 
confidence level. 

 
were observed over southern of West Africa. These trends are downward trends 
excepted over middle of Nigeria where upward trends are observed for MAM 
season. It is important to notice that the northern West Africa presents only 
non-significant trends of Rx1day for MAM while some significant downward 
trends are found over Mauritania. The JJA and SON seasons have the same spa-
tial pattern of trends which are mosly non-significant upward trends. However, 
some significant decrease trends are observed mosly in southern of West Africa. 

Figure 9 shows seasonal trends of maximum 5-day precipitation (Rx5day) 
over West Africa. For all seasons there is a mix of increase and decrease trends 
over West Africa. These trends are between −2 mm/year and 4 mm/year for DJF 
season while for MAM, it is between −1 mm/year and 1 mm/year. For both JJA 
and SON, trends vary between −2 mm/year and 2 mm/year. 

For DJF statistically significant trends at 95% confident level are mostly ob-
served from the middle to the northern of West Africa, while they are mostly 
observed from the middle to the southern of the study area for MAM. These 
trends are downward trends for MAM season, while they are upward for DJF 
season. The same situation is showed with JJA and SON seasons for which sta-
tistical downward trends at 95% confident level are observed in only southern of 
West Africa for JJA accepted the upward trends noticed in the middle of Nigeria. 
For SON season, trends are mostly upward especially in the northern of study 
area, while the southern presents downward trends over northern of Ivory 
Coast, Libera, southern of Ghana and Nigeria. 
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3.2.2. Frequency Indices 
Figure 10 shows seasonal trends of number of wet days (R1) over West Africa. 
For all seasons there is a mix of increase and decrease trends over the study area. 
These trends are between −1.5 day/decade and 2 days/decade for DJF season, 
while for MAM, it is between −7.5 days/decade and 5 days/decade. For JJA mag-
nitude, trends between −10 days/decade and 10 days/decade are found, while for  

 

 
Figure 9. Trends in maximum 5-days precipitation (mm/year) in West Africa over the period 1980 to 
2018. Hatching indicates regions where trends are significant at the 95% confidence level. 

 

 
Figure 10. Trends in the number of wet days (days/decade) in West Africa over the period 1980 to 
2018. Hatching indicates regions where trends are significant at the 95% confidence level. 
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SON season trends vary between −10 days/decade and 6.5 days/decade. 
Over Sierra Leone, Liberia, eastern Guinea and Nigeria, significant decrease 

trends are observed for both DJF and MAM seasons. The remain part of the 
study area experienced non-significant increase/decrease trends. For JJA season, 
trends are statistical signifcant through the whole West Africa, while for SON, 
significant trends are mostly observed over sourhern of West Africa, excepted 
over northern Malia and northern Niger, which experienced significant trends. 
For both JJA and SON, decrease trends are found over southern of West Africa, 
while over the northern part of West Africa, trends are significantly increasing, 
accepted in northern Malia and northern Niger. 

Figure 11 shows seasonal trends of number of very heavy wet days (R20) over 
West Africa. For all seasons there is a mix of increase and decrease trends over 
the study area. These trends are between −0.5 day/decade and 0.6 day/decade for 
DJF season, while for MAM, it is between −2 days/decade and 1.5 days/decade. 
For JJA, magnitude trends are between −3 days/decade and 6 days/decade, while 
for SON season trends vary between −3 days/decade and 4 days/decade. 

For DJF season, statistical sgnificant at 95% confident level upward trends are 
observed in the Sahel and Sahara, while downward trends are found in Gulf of 
Guinéa countries which statistically significant over southern Nigeria and Libe-
ria. For MAM, JJA and SON statistically significant upward trends are observed 
only in the Sahara, excepted for JJA season where statistically significant upward 
trends are found in Sahel. Over southern West Africa downward trends are ob-
served for the three seasons. Statistically significant at 95% confident level in-
crease trends are mostly found over southern West Africa for MAM, while for 

 

 
Figure 11. Trends in the number of very heavy wet days (days/decade) in West Africa over 
the period 1980 to 2018. Hatching indicates regions where trends are significant at the 95% 
confidence level. 
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both JJA and SON these increase trends are statistically significant over southern 
of Nigeria and Liberia. 

Figure 12 shows seasonal trends of consecutive wet days (CWD) over West 
Africa. For all seasons there is a mix of upward and downward trends over West 
Africa. These trends vary from −10 day/decade to 8 day/decade for DJF season, 
while for MAM, they vary from −8 days/decade to 8 days/decade. For JJA, the 
magnitude trends vary from −10 days/decade to 20 days/decade, while for SON 
season trends vary from −10 days/decade to 18 days/decade. 

For DJF, downward trends are observed over West Africa excepted northern 
Malia and Niger, over some areas of Nigeria and over Liberia, Sierra Leone and 
eastern of Guinea where upward trends are found. Statistically significant 
downward at 5% confident level trends are located in Ivory Coast, middlewest 
Cameroon, in a few areas of middle Nigeria and Niger, while statistically signifi-
cant upward trends are found over northern Malia and Niger, eastern Sierra 
Leone, wesrtern Liberia and southeastern Nigeria. MAM and JJA seasons are 
dominated by upward trends which are statistically significant over southeastern 
Nigeria. However, non-significant increase trends are detected over some areas 
of coastal regions. For SON season, downward trends are found in most part of 
the study area. These downward trends are statistically significant over eastern 
of Algeria and Mauritania, middle of Malia and Niger. However, statistically sig-
nificant upward trends are found over northern Malia and Niger and over Libe-
ria. 

Figure 13 shows seasonal trends of consecutive dry days (CDD) over West 
Africa. For all seasons there is a mix of upward and downward trends over West 
Africa. These trends vary from −4 days/decade to 5 days/decade for DJF season, 
while for MAM, they vary from −0.5 day/decade to 0.5 days/decade. For JJA, the 
magnitude trends vary from −2 days/decade to 1 days/decade, while for SON 

 

 
Figure 12. Trends in consecutive wet days (days/decade) in West Africa over the period 1980 to 
2018. Hatching indicates regions where trends are significant at the 95% confidence level. 
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Figure 13. Trends in consecutive dry days (days/decade) in West Africa over the period 1980 to 
2018. Hatching indicates regions where trends are significant at the 95% confidence level. 

 
season trends vary from −3 days/decade to 2 days/decade. 

For DJF season, upward trends are dominated over the study area. These up-
ward trends are statistically significant over the Sahel. Some statistically signifi-
cant downward trends are observed over southern Nigeria. A mix of downward 
and upward trends are indicated for both MAM and JJA seasons. Only down-
ward trends are statistically significant over eastern Nigeria. For SON, over Sahel 
and Sahara statistically significant increase trends are observed excepted north-
ern Malia which presents statistically significant downward trends. Over Gulf of 
Guinea countries, downward trends are mostly observed. These trends are statis-
tically significant over southern Nigeria, Guinea and Liberia. 

3.3. Discussion 

The trends assessement indicates increasing trends of wet extreme rainfall in-
dices (annual precipitation, Rx1day, Rx5day, SDII, R1, R20 and CWD). Indeed, 
increasing trends (sometimes statistically significant) are observed over Sahara 
and Sahel during JJA and SON seasons for annual precipitation, SDII, Rx1day 
and R1. Satatiscal significant increasing trends are indicated during the four 
seasons over Sahara and Sahel for R20, while statistically significant increasing 
trends are found during DJF and SON for CWD over Sahara and Sahel. These 
results are in line with the founding of Diatta [38] who concluded that wet in-
dices have increasing trends over western Sahel and southern Sahel during 
summer season. [43] indicated an increase trends of the frequency of extreme 
storms in Sahel. The same conclusion has been drawn by [44] about the trends 
of extreme wet days. [45] investigated the annual trends in a number of extreme 
rainfall indices in West Africa and found that some significant increasing trends 
in the annual rainfall over Sahel. [46] [47] stated that wet indices have been in-
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creased over Ghana country. Trends study of RR1, CWD and SDII indicates 
predominated positive values in the northern Cameroon [48]. One of the con-
sequences of the increase of wet indices over West Africa in the last decades is 
the increase in frequency and intensity of floods which cause several damages 
such as soil erosion, crop destruction, livestock destruction, displacement of 
populations and proliferation of waterborne diseases and loss of human life [49] 
[50]. For example 2009, 2010 were two of the years with occurrence of floods in 
many countries of West Africa (Burkina Faso, Benin, Nigeria and Niger). West 
Africa is very affected by climatic disturbances and their different consequences 
impact negatively the agricultural sector [8]. West Africa is considered to be one 
of the most exposed regions in the world [8] considering the quasi-rainfed na-
ture of its agriculture. [48] showed that during extreme rainfall years, agriculture 
activities are disrupted. The excess or deficit in rainfall causes drops in agricul-
tural production [48]. Therefore, increase trends in wet indices cause perturba-
tion in agriculture and considerably affected food system and thus increase the 
vulnerability of West African people [51]. Crops deficience can lead to food in-
security which can affect the achievement of sustainable developement goals. 
However, statistically significant decrease trends in wet indices are often ob-
served in soutehern West Africa particulary over southern Nigeria, Sierra Leone 
and Liberia. This result is in agreement with [52] who indicated a decrease in the 
trends in the number of very wet days in the Guinea Conakry. 

The increasing trends in the number of consecutive dry days are observed 
during the JJA and MAM seasons unlike the DJF and SON seasons which show 
decreasing consecutive dry day trends. The fact that the MAM and especially JJA 
seasons indicate increasing trends in the number of consecutive dry days sug-
gests that droughts due to global warming are observed with severe conse-
quences on water availability, energy supply, agricultural yields and ecosystems 
of the West African [53]. 

Therefore, to prevent the consequences of extreme rainfall trands on envi-
ronment and human health some adaptive strategies have been proposed. These 
are: 
• Water harvesting and conservation 

Several techniques are proposed for reducing of runoff coefficient of rainfall 
events in order to reduce the frequency and intensity of floods. This will involve 
promoting rain collection systems at homes (gutters and citerns), building small 
water reservoirs at village and district levels to develop agricultural production 
and livestock in dry conditions. The presence of these reservoirs can also pro-
mote infiltration and groundwater recharge. It is also important to promote 
multifonction hydropower building in transboundary rivers to mitigate floods 
frequency and intensity, to developp irrigated agriculture and to improve energy 
supply. 
• Soil erosion mitigation 

We suggest small arrangements in order to slow down the speed of the flow. 
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These arrangements can be reforestation areas using trees, such as oil palm and 
caïlcedrat or fodder species such as panicum and mucuna. Other arrangements 
such as bunds or the orientation of the furrows perpendicular to the direction of 
runoff are also recommended. 
• Capacity building of agriculture and sharing of experiences 

Farmers must be regularly trained on one hand on possible disruptions in the 
agricultural calendar due to the impact of climate change and on the other hand 
on cultivation tech-niques such as off-season crops, irrigation. Bearing this in 
mind, we recommend strength-ening the seasonal forecasting capacity of the 
National Meteorological Agency in order to impact many farmers as much as 
possible. The creation of experience-sharing crucibles is between farmers, re-
searchers and police-makers. 
• Improved land-use and natural resource management policies and institu-

tions 
This will involve adopting laws to facilitate access to land and also to separate 

agricultural land from the corridors of livestock transhumance. 

4. Conclusions 

The aim of this research is to analyze the intra-seasonal variability of the 39-years 
rainfall series (1980-2018) and to assess the resulting trends by applying the 
Mann-Kendall test. To achieve this goal, 8 extreme climate indices were chosen 
and then compared in pairs depending on the type of index before finishing by 
calculating the trends with the test selected. 

The results obtained show that whatever the season, the South of West Africa 
is more watered than the North. This is due to the fact that the south of West 
Africa is a coastal part and is therefore under the influence of evaporation ob-
served at the level of the Atlantic Ocean and the monsoon while the part is 
dominated by the desert. In addition, the trends assessment indicates increasing 
trends of wet extreme rainfall indices (annual precipitation, Rx1day, Rx5day, 
SDII, R1, R20 and CWD). Indeed, statistically significant increasing trends are 
observed over Sahara and Sahel during JJA and SON seasons for annual precipi-
tation, SDII, Rx1day and R1. Statistically significant increasing trends are indi-
cated during the four seasons over Sahara and Sahel for R20, while statistically 
significant increasing trends are found during DJF and SON for CWD over Sa-
hara and Sahel. The fact that the MAM and especially JJA seasons indicate in-
creasing trends in the number of consecutive dry days suggests that droughts 
due to global warming could be observed and could have severe consequences in 
terms of water availability, energy supply, agricultural yields and ecosystems of 
the West African. In addition, it can lead to the loss of biodiversity and health 
issues. That is why it is essential for policymakers or decisions makers to deter-
mine strategies and mitigation measures against climate change and its impacts 
on population. Our propositions in discussion can be taken like recommenda-
tions for decisions makers for the usefulness of this study. It is also better to in-
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vestigate with some climate models, the multi-modelisation that can fit for mi-
gration by a simple and cheaper method for West Africa. 
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