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Abstract: The socio-economic activities of Niger rely on agriculture which is strongly affected by changes in precipitation during the 

rainy season. The ultimate aim of this study is to assess the projected changes of precipitation over Niger under the Representative 

Concentration Pathways (RCP) scenarios 4.5 (RCP 4.5) and RCP 8.5 using multi-RCM (Multi-Regional Climate) model approach. 

The observation data are from CHIRPS (Climate Hazards Group InfraRed Precipitation with Station) and the RCMs are from the SMHI 

(Swedish Meteorological and Hydrological Institute) model (RCA4) driven by ten (10) different GCMs (General Circulation Model) 

(e.g., CCCma, CSIRO, ICHEC, IPSL, MIROC, MOHC-HadGEM2, MPI, NCC-NorESM1, NOOA, and NRCM) within the framework 

of CORDEX (Coordinated Regional Climate Downscaling Experiment) Africa experiment. The reference and projections periods in 

this study are respectively 1981-2005 for the present and 2011-2100 for the near, medium and far future divided into three periods, 

2011 to 2040 (P1), 2041 to 2070 (P2) and 2071 to 2100 (P3). The methodology used, consists of assessing the performance of the 

multi-RCMs of RCA4 model (with respect of CHIRPS) in simulating the precipitations changes by computing the spatial distribution 

and anomalies of precipitations; and their indices of RMSE (Root Mean Square Error), the bias, SPI (Standardized Precipitation 

Anomaly Index), correlation coefficient, statistical t-test, spatial evolution rate and the rate of temporal change. After the validation of 

the multi-RCMs RCA4 models, the ensemble mean of the models is used to assess the projected changes of precipitations over Niger 

in the future. The results show that most of the multi-RCMs capture the four climatic zone except for IPSL. While the ensemble mean 

of the models simulates (as compared to CHIRPS) more accurately the monthly, annual precipitations anomalies and their indices than 

individual’s models in the reference period, some RCMs (e.g., CSIRO-IPSL and CCCma-HadGEM) poorly reproduce them. The 

projected changes of precipitations indicate for the scenario RCP 4.5 respectively a moderately surplus of precipitation years in the 

period P1 and moderately deficit years in the period P2 while the period P3 shows a small upward precipitation trend. In contrary, for 

the scenario RCP 8.5, all the three periods (P1, P2 and P3) indicate an intensification of precipitation leading to a longer wet period 

which may lead to extreme precipitations and flooding. Moreover, both scenarios have projected an increase of total monthly 

precipitation in May and September and a decrease in July and August respectively which will likely lead to an early onset and late 

cessation of the rainy season; and a shift of the peak of the rainy season. Therefore, this study shows the need of a monitoring system 

for the projected changes of precipitation in the near future to anticipate urgent action in wet/dry periods to adapt to a changing climate. 
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1. Introduction 

The 3rd IPCC (Intergovernmental Panel on Climate 

Change) report had revealed that global warming would 

induce an increase of temperature of nearly 0.7 °C over 

the entire African continent during the XXIe century 

with an increase of 0.05 °C per decade [1, 2]. Climate 

models have also predicted this temperature increase 

on a global scale with significant differences across  
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climate regions varying between 1.5 °C and 2 °C [3, 4]. 

These differences are manifested by increases in mean 

temperature in most countries and ocean regions, 

extreme heat in most populated areas, intense 

precipitation in most regions with an increase in the 

number of high cumulative rainfall events, and risks of 

drought and precipitation deficits in some regions (e.g., 

[5, 6]). Since the mid-1990s, the central and eastern 

Sahel has experienced an increase in total annual 
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rainfall accumulation, but this has not been caught up 

with the levels of the “wet” decades [7]. The republic 

of Niger (hereafter Niger), like other Sahelian countries, 

is experiencing a return to normal rainfall after the 

droughts of the 1970s to 2000 [8]. However, extreme 

precipitations events that cause flooding have been 

observed in recent years especially in high-risk areas 

such as towns along the Niger River. For example, in the 

year 2012, Niger and Burkina Faso have recorded in 

August at about 327 mm of rain in the first two dekads 

while the average for the month of August is 160 mm 

[9]. Therefore, Niger is facing the reality of climate 

change and the future change in precipitations 

variability is of most importance for populations, 

livelihood, stakeholders and decisions makers (such as 

governments) and socio-economic activities. 

Many studies have investigated the projections of 

precipitations over Sahel using GCMs (General 

Circulation Models) or RCMs (Regional Climate 

Models) (e.g. [10-17]). For instance, Akinsanola et al. 

[12] have shown that GCMs have significant 

uncertainties about the intensity and direction of 

rainfall change in the Sahel while Kim et al. [13] have 

demonstrated that GCMs simulate better the average 

climatology of climate parameters but have significant 

biases in some regions. In this study, RCMs forced at 

lateral and boundary conditions by GCMs will be used 

to evaluate the projections of precipitations over Niger 

for a better understanding of climate change and its 

consequences in order to define mitigation and 

adaptation measures. Furthermore, climate projections 

over Sahelian regions, have faced particular difficulties 

for two reasons which are firstly, the higher climate 

variability observed in the 20e century and secondly, 

the divergent results of climate models in simulating 

precipitations [18]. Moreover, according to the IPCC 

report [1], the results of climate models output on 

precipitations variability over Sahel are contradictory, 

indeed despite the partial return of precipitation in the 

regions, some climate simulations have predicted a 

significant decrease in precipitations and/or an average 

of future trend towards increased precipitation [19]. 

The main reasons of these contradictions between 

simulation results over the Sahel are likely due to the 

difficulties of the climate models to accurately 

reproduce the African monsoon system. Thus, the 

multi-model approach using the ensemble mean will 

allow compensating the difference between models by 

considerably reducing the strong wet or dry biases of 

the individual models [10-16, 20, 21]. On the other 

hand, the main socio-economic activities of Niger are 

based on agriculture and agro silvo-pastoral which are 

strongly dependent on the amount, frequency, trend and 

variability of precipitation. Therefore, understanding 

the impact of climate change on precipitations 

projections over Niger is crucial for providing the right 

climate information on precipitations changes for 

planning measures to support the populations in their 

socio-economic activities. This study attempts to 

answer this question by using a multi-model approach 

to assess the future changes of precipitations over Niger 

through precipitation projections under the RCP 

(Representative Concentration Pathways) 4.5 and 8.5 

scenarios. This paper is structured as follows: Section 

2 presents the data and methodology of the study; 

Section 3 describes the results and discussion and 

Section 4 presents the conclusion of the study. 

2. Data and Methodology 

2.1 Presentation of the Study Area 

Niger is located in the central part of West Africa 

region and is in the heart of the Sahelian zone, totally 

landlocked, with three quarters of its territory being 

desert. Niger covers a land area of 1,267,000 km2 

between the longitude 0°16′ and 16° East, and the 

latitude 11°01′ and 23°17′ North (see Fig. 1). Niger has 

two types of hot climates namely the desertic climatic 

conditions over most of its area in the northern part of 

the country and the tropical climatic ones in the 

southern part. Moreover, it has a single rainy season 

whose spatial distribution of precipitation divides the 

country into 4 climatic zones: the Sahelo-Sudanian 
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zone (in blue) with an average annual total precipitation 

of 600 mm, the Sahelian zone (in green) with 300 mm, 

the Sahelo-Saharan zone (in orange) with 150 mm and 

the Saharan zone (in yellow) where precipitation is 

almost rare with a total of 150 mm (Fig. 1 on the left). 

According to the observation data of CHIRPS (Climate 

Hazards Group InfraRed Precipitation with Station) 

(with a spatial resolution 0.05°), the annual cycle of 

precipitation indicated that the rainfall starts in the 

Sahelo-Sudanian zone and the Sahelian zone from May 

but the season does not start until June. The Sahelo-

Saharan zone receives their first precipitations from 

July but the peak of the rainy season is observed in 

August then it evolves over time to reach the end of the 

rainy season between September and October [16] (Fig. 1).  

The total average annual precipitation over the 

southern part of Niger is around 435 mm with about 

200 mm for the peak of the season, so most of the 

precipitation is observed in August. The total annual 

precipitation over the Sahelian zone is highly 

concentrated in the months of July and August [22]. 

2.2 Data 

The data of precipitation used in this study are from 

the SMHI (Swedish Meteorological and Hydrological 

Institute) RCM (called RCA4) simulation outputs 
 

 
Fig. 1  Left panels: climatic zones and isohyets levels of precipitation over Niger (Climatic Research Unit (CRU) data from 

1997 to 2008) and annual cycle of precipitations over the period 1997-2008 [16]. Right panel: the position (West Africa) and 

topography of Niger as seen in the map of African continent. 
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within the framework of the CORDEX (Coordinated 

Regional Climate Downscaling Experiment) Africa. 

Ten (10) categories of RC4 outputs obtained from 10 

GCMs forcing: namely CCCma, CSIRO, ICHEC, IPSL, 

MIROC, MOHC-HadGEM2, MPI, NCC-NorESM 1, 

NOOA, and NRCM; were used to build the multi-RCM 

model approach. The 10 RCMs have the same spatial 

resolution of 0.44° (~50 km) and cover the entire 

African continent. The data were obtained freely at the 

SMHI at the International Conference on Regional 

Climate-CORDEX 2016 in Sweden.  

The precipitations data of CHIRPS, spatial 

resolution 0.05° [23] are used as reference observation 

data to compare the RCMs with it. Therefore, the data 

of CHIRPS are remapped to the same spatial resolution 

of 0.44° (50 km) as the RCA4 models to facilitate the 

comparison.  

The historical and projections data of RCA4 cover 

respectively the period 1951-2005 and 2006-2100 and 

the CHIRPS data are from the period 1981-2005. The 

choice of the CHIRPS and multi-RCMs of RCA4 

model is basically due to the availability of the data and 

the lack of stations from the meteorological office. 

Moreover, the data of CHIRPS are used as reference 

because they reproduce better the spatial distribution of 

rainfall over Niger, although CHIRPS tends to 

overestimate rainfall over the Sahel zone [16]. 

Furthermore, the projections data of RCA4 are based 

under the RCPs scenarios 4.5 and 8.5 that reflect the 

trajectory of GHGs (Greenhouse Gases) responsible for 

global warming [24]. The RCP4.5 scenario is an 

ambitious scenario with pollution reduction policies. It is 

a scenario of average CO2 emissions (650 ppm CO2 

equivalent) corresponding to a peak radiative forcing of 

4.5 W/m2 by 2100 [25]. Therefore, this scenario 

anticipates the implementation of public policies 

allowing strong mitigation of GHGs emissions and 

stabilization of atmospheric concentration without 

however preventing a global temperature increase of 

more than 2 °C [17]. On the other hand, the RCP8.5 

scenario is the trend scenario corresponding to a 

radiative forcing of 8.5 W/m2 which combines 

assumptions about high population growth, relatively 

slow income growth with modest rates of technological 

change and improvement of energy intensity with high 

energy demand and GHG emissions without policies of 

climate change [26]. These two scenarios represent the 

range of global trends in GHGs evolution that is most 

likely to be experienced [17]. 

2.3 Methodology 

To evaluate the projections of precipitations changes 

and the impact of climate change on precipitation over 

Niger under the two previous scenarios, the performance 

of the multi-RCMs of RCA4 model forced with different 

GCMs will be assessed in simulating the precipitation 

by comparing the historical data of RC4 with CHIRPS 

observation from the period 1981-2005. Thus, this 

evaluation will be used for the RCA4 model validation in 

the reference period. Then, the projections of 

precipitations changes are conducted for three periods: 

the first period from 2011 to 2040 (hereafter P1), the 

second period from 2041 to 2070 (hereafter P2) and the 

third period from 2071 to 2100 (hereafter P3). The 

projections of precipitations are computed through the 

spatial distribution and anomaly of precipitations; and 

the following indices with respect to the average 

climatology calculated with the reference data of 

CHIRPS namely the RMSE (Root Mean Square Error), 

the bias, the SPI (Standardized Precipitation Anomaly 

Index), the correlation coefficient, the statistical t-test, 

the spatial evolution rate and the rate of change over 

time. Their description is as follow: 

2.3.1 The Average Annual Precipitation 

𝑃̅ =
∑ 𝑃𝑖

𝑛
 (1) 

where: 

𝑃𝑖: the yearly accumulation of precipitation of a year 

I;  

n: the total number of years in the series. 

This index 𝑃𝑖 is used to compare the cumulative 

rainfall for year i with the climate average and also to 
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calculate the SPI. 

2.3.2 RMSE 

𝑅𝑀𝑆𝐸 =
√∑

(𝑀𝑖−𝑂𝑖)2

𝑛
𝑛
𝑖=1

𝑀̅
 

(2) 

where: 

𝑀𝑖: the model’s mean for year i;  

O𝑖: the average of the reference data for year i; 

𝑀̅: the climate average of the reference data; 

n: the total number of years in the series. 

The RMSE index provides an indication of the 

dispersion or variability of the prediction quality. 

2.3.3 The Bias 

𝐵𝑖𝑎𝑠 =
100

𝑛
∑

𝑀𝑖 − 𝑂𝑖

𝑂𝑖

𝑛

𝑖=1

 (3) 

where: 

𝑀𝑖: the model mean for the year i;  

O𝑖: the average of the reference data for the year i; 

𝑀̅: the climate average of the reference data; 

n: the total number of years of the series. 

The index Bias indicates the weakness/accuracy of the 

model in overestimating or underestimating predictions. 

2.3.4 The SPI Anomaly 

𝑆𝑃𝐼 =
𝑃𝑀

𝑖 − 𝑃𝑂
̅̅ ̅

𝜎
 (4) 

where: 

𝑃𝑀
𝑖 : the total precipitation of year i according to the 

model;  

𝑃𝑂
̅̅ ̅: climate average of reference data; 

𝜎: standard deviation of the model. 

The SPI index allows comparing the precipitations 

of different periods or different years, it also allows 

identifying the extreme years such as the severe deficit 

or surplus years. 

2.3.5 The Correlation Coefficient:   

 covariance  

σ σM O

M,O
R=  

(5) 

where: 

Covariance (M, O) =
1

𝑛
∑ (𝑀𝑖 − 𝑀)(𝑂𝑖 − 𝑂)𝑛

𝑖=1 ; 

 
2

1

1
σ

n

M i

i=

= M M
n

 : the standard deviation of 

the model; 

 
2

1

1
σ

n

O i

i=

= O O
n

 : the standard deviation of the 

observation. 

The correlation coefficient gives an idea of the 

degree of confidence to be given to the models for a 

simulation of a parameter. 

2.3.6 The Parameter t of the t-Test  

𝑡 =
𝑃𝑖̅ − 𝑃𝑟𝑒𝑓é𝑟𝑒𝑛𝑐𝑒

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

𝑑

√𝑁

 (6) 

where:  

𝑃𝑖̅: annual total precipitation of year i; 

𝑃𝑟𝑒𝑓é𝑟𝑒𝑛𝑐𝑒
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅: annual total average precipitation over 

the reference period; 

𝑑 =  𝑃𝑖̅ − 𝑃𝑟𝑒𝑓é𝑟𝑒𝑛𝑐𝑒
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ : the difference between the 

two previous parameters; 

N: the number of years of the study period; 

If 𝑡 > 𝑡o with 𝑡o the value corresponding to the 

distribution for the degree of freedom 𝑑𝑙 = 𝑁 − 1 ; 

then there is a difference between the model and the 

observation. 

For the projections, the analysis of the projected SPI 

anomalies under the two scenarios is done over three 

periods: the first period P1 from 2011 to 2040, the 

second period P2 from 2041 to 2070 and the third 

period P3 from 2071 to 2100.  

The evolution of precipitation during each period is 

studied using the evolution rate defined by: 

2.3.7 The Spatial Evolution Rate 

𝜏𝑠 =
𝑃𝑖 − 𝑃̅

𝑃̅
× 100 (7) 

where:  

𝑃𝑖 (𝑖 = 1, 2, 3) : Average precipitation over the 

considered period;  

𝑃̅: Average precipitation over the reference period. 

This parameter allows observing the spatial 
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evolution of precipitations distributions. 

2.3.8 The Rate of Change over Time 

𝜏𝑇 =
𝑃𝑖 − 𝑃−𝑖

𝑃𝑖−1
× 100 (8) 

where:  

𝑃𝑖: the average precipitation of the year i; 

𝑃𝑖−1: the average precipitation of year i-1. 

The rate of change 𝜏 defined above allows analyzing 

the trend of the evolution of the parameter in time. 

3. Results and Discussion 

3.1 Validation of the Model RC4 

3.1.1 Spatial Distribution of Precipitation over Niger 

The performance of the model RC4 in simulating the 

present/actual precipitation pattern as in observation 

CHIRPS for each of the ten multi-RCM ensemble is 

presented in Fig. 2 (below). It shows that the RCMs 

models reproduce differently the spatial distribution of 

precipitation as compared to CHIRPS. The model IPSL 

reproduces very poorly the distribution over Niger; it 

captures only the pattern over the Sahelo-Sudanian 

zone with an average intensity of 150 mm per year.  

The CCCma model underestimates the distribution of 

precipitation over Niger and the model CSIRO 

overestimates the precipitation over the northern desertic 

part of Niger. As for the other models (CNRM, HadGEM, 

ICHEC, MIROC, MPI, NCC, NOOA), they simulate 

well the spatial distribution of precipitation over Niger 

but with much more intensity. All the models, expect 

CCCma and IPSL (as well as CHIRPS), show that the 

mountainous area of Aïr located in the desert zone 
 

 

Fig. 2  Spatial distribution of precipitation with isohyets (different climatic zones) of the 10 multi-RCMs (CCCma, CSIRO, 

ICHEC, IPSL, MIROC, MOHC-HadGEM2, MPI, NCC-NorESM1, NOOA, and NRCM) and ensemble mean over Niger as 

compared to observation CHIRPS for the period 1981-2005.  
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shows an identic pattern of precipitation regime as in 

the Sahelian zone located to the south. However, the 

ensemble mean of the models reproduces better the 

spatial distribution of precipitation over Niger than any 

other individual models. These results are similar to 

previous studies (e.g. [10-17, 20-22]) that found that 

the ensemble mean of models compensates individual 

errors and uncertainties. 

3.1.2 Interannual Variability of Precipitation in the 

Sahelian Part of Niger 

The difficulty of RCMs models in simulating 

precipitations over the Sahelian zone is observed in Fig. 

3 which shows how well the multi-RCMs RCA4 

models forced with 10 different GCMs reproduce the 

interannual variability of precipitation over Niger. All 

the models show a scattered and diverse interannual 

variability with respect to CHIRPS. The annual total 

precipitations vary between 300 mm and 600 mm with 

CHIRPS. However, all models, except CCCma and 

IPSL, tend to overestimate CHIRPS at different 

magnitude of the annual total precipitations. In contrary, 

the representation (line plot) of the ensemble mean of 

the models reproduces better the interannual variability 

of precipitation over Niger but for certain extreme years, 

contradictions can be found where it slightly 

overestimates the annual total as compared to CHIRPS. 

These results are also seen in the previous cited 

references. 

3.1.3 The SPI Anomaly 

The SPI using CHIRPS indicates a decline of 

precipitation (dry conditions) in the 1980s and 1990s 

and return to wet conditions in the 2000s (Fig. 4). The 

reference CHIRPS data show well this evolution of 

precipitation over Niger as highlighted by Riahi et al. 

[27] and Le Barbé and Lebel [28]. The post-1990s period 

is characterized by an improvement in precipitation 

pattern over Niger but the persistence of deficit  years 

is  observed  as  indicated  by  Nicholson [29]. In 

contradiction for the same period, Ozer et al. [30] have 

claimed that the drought ended in the mid-1990s. The 

results obtained in this study with CHIRPS are more 

consistent with Ozer et al. [30] who have showed an 

attenuation of precipitation deficits after the year 1990 

over central Sahel with high interannual variability and 

an average precipitation level which remains well 

below the wet period (1950-1970). Some others studies 

such as Ref. [17] have indicated that the period 1980-

2010 was marked by an increase of precipitation at 

about 100 mm compared to the dry period of 1970-

1990. Therefore, according to the data of CHIRPS 
 

 
Fig. 3  Interannual variability of precipitation for the 10 multi-RCMs RCA4 models (CCCma, CSIRO, ICHEC, IPSL, 

MIROC, MOHC-HadGEM2, MPI, NCC-NorESM1, NOOA, and NRCM) and CHIRPS in southern part of Niger for the period 

1981-2005. 
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Fig. 4  SPI anomaly for CHIRPS and the 10 multi-RCMs (CCCma, CSIRO, ICHEC, IPSL, MIROC, MOHC-HadGEM2, MPI, 

NCC-NorESM1, NOOA, and NRCM) for the period 1981-2005. 
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used in this study (1981-2005), the period 1991-2005 

(at about 195.2 mm/year over Niger) corresponding to 

the return of rainfall, has experienced an increase of 

about 20.3% compared to the dry period of 1981-1990 

(162.3 mm/year). 

None of the 10 RCMs simulate accurately the 

precipitation anomaly as observed in CHIRPS over the 

period 1981-2005. The RCMs CSIRO, ICHEC and 

IPSL reproduce very badly the temporal distribution of 

precipitation over Niger. For instance, the models 

CSIRO and ICHEC show that the entire period of 1981-

2005 was very wet and without any deficit year, while 

the models CCCma and IPSL show the opposite pattern 

with the same totally dry period. Thus, the two models 

CSIRO and ICHEC largely overestimate the precipitation 

over Niger and IPSL with CCCma largely underestimates 

it over the country with respect to CHIRPS. As for the 

models CNRM, HadGEM and NCC, they indicate a 

strong interannual variability within the period with 

moderate wet and dry years marking a timid return of 

rainfall after the 1990s. The results of the remaining 5 

models CNRM, HadGEM, MPI, NCC and NOOA are 

almost in agreement with previous studies from Lebel 

and Ali [31]. Lastly, the ensemble mean of the models 

simulates better the precipitation anomaly as compared 

to CHIRPS over Niger showing an improved 

precipitation pattern characterized by moderate deficit 

and surplus years respectively after the 1990s and 

between 1990 and 2000. These results of precipitations 

deficit are in agreement with the results of Lebel and 

Ali [31] who found that the Sahelian zone had faced 

droughts’ episodes until the end of the 1990s. In the late 

1990s, the Sahel has also experienced a timid return of 

precipitation to wet conditions [28] and from the 2000s 

onwards, a partial recovery of precipitation has been 

observed [32, 33]. 

3.1.4 Performance Evaluation of the MRCs and 

Statistical Significance Test 

The performance comparison of the multi-RCMs 

RCA4 model is presented in Table 1 and shows a 

disparity between the annual means (𝑃̅) of precipitation 

simulated by the models with respect to CHIRPS (435 

mm/year) for the historical period 1981-2005. Indeed, 

the models present different biases, thus the CCCma 

and IPSL models present a dry bias over Niger and the 

others models present wet bias. The CSIRO and IPSL 

models have respectively a strong wet bias (75%) and 

a strong dry bias (-55%) as observed in Fig. 4. Except 

the MIROC model, all the models show a low 

correlation coefficient with respect to CHIRPS. 

Although, the MIROC model overestimates CHIRPS 

(see section 2) but intends to correlate well in pattern 

with CHIRPS but the t-test score is slightly acceptable 

compared to the ensemble mean showing its 

performance as compared with CHIRPS. 

The t-Test shows a significant difference between 

the models and CHIRPS. All the models including the 

ensemble mean have a t-statistic test greater than 2.042 

which is the value of the distribution with a freedom 

degree of dl = 24. By comparing the different models, 

the ensemble mean has the smallest standard deviation. 

Except the CNRM model, all the other models (CCCma, 

CSIRO, HadGEM, ICHEC, IPSL, MIROC, MPI, NCC, 

NOOA) have greater biases than the ensemble mean  
 

Table 1  Comparison of multi-RCMs of RCA4 models and observation CHIRPS. 

RCMs/RCA4 CCCma CNRM CSIRO HadGEM ICHEC IPSL MIROC MPI NCC NOOA ensmean 

𝑃̅ 345 481 744 554 572 191 531 545 515 532 498 

RMSE 0.34 0.22 0.44 0.27 0.30 1.34 0.22 0.30 0.24 0.29 0.19 

𝜎 94 76 92 98 85 50 65,6 116 95 91 70 

Bias (%) -18.4 12.5 75.5 29.3 34 -55 24 27.7 20.4 26 17 

R -0.052 0.23 0.022 0.40 0.16 0.15 0.51 0.13 0.30 -0.14 0.27 

t-test 4.69 2.96 16.43 5.95 8.05 24.4 7.38 4.74 4.21 5.32 4.5 
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(17%). The ensemble mean has also the smallest RMSE 

(0.19) and has a larger correlation coefficient (R = 0.27) 

than 7 of the models (CCCma, CSIRO, ICHEC, IPSL, 

MPI, NOOA, and NRCM). Therefore, through this 

comparison, the ensemble mean of the models reduces 

the discrepancies between models and observation as 

well as the errors related to individual models. Thus, 

the ensemble mean will be used to analyze the 

projections of precipitation changes over Niger during 

the three periods P1 (2011 to 2040), P2 (2041 to 2070) 

and P3 (2071 to 2100) under the two scenarios RCP 4.5 

and RCP 8.5. 

3.2 Projections of Changes in Precipitations over Niger 

3.2.1 Projected SPI Anomaly under the Two 

Scenarios 

The scenario RCP 4.5 predicts a higher interannual 

variability of precipitation over the three periods (P1, 

P2, P3) around the climate average calculated with the 

reference observation period 1981-2005 relative to 

CHIRPS (Fig. 5, first column). This interannual 

variability can be linked to several parameters such as 

ocean temperatures, monsoon intensity [22] and also to 

the Saharan heat low. The phenomena of El-NINO and 

La-NINA have a strong link to precipitation changes 

over Sahel and are correlated to ocean temperatures. 

For instance, the El-NINO phenomenon occurs when 

the temperature of the Atlantic Ocean rises, resulting in 

heavy precipitation over the Sahel in general and Niger 

in particular, whereas the La-NINA phenomenon 

corresponds to a cooling of the Atlantic Ocean, 

resulting in deficits of precipitation in the Sahel [34]. 

Under this scenario RCP 4.5, the period P2 is the 

wettest period with 60% of surplus years of 

precipitations. The period P3 is wetter than the period 

P1, with many years having totals of precipitations 

which are close to the average.  

As for the scenario RCP 8.5, it projects that all the 

three periods (P1, P2, P3) will be wet, with only the 

first period P1 having a few deficit years (Fig. 5, second 

column first row). The scenario RCP 8.5 has projected 

wetter periods than the scenario RCP 4.5. Thus, the 

scenario RCP 8.5 is favorable for increasing 

precipitations over Niger. However, it will likely reflect 

an increasing trajectory of the concentration of GHGs 

in the atmosphere which could be beneficial in terms of 

precipitation in the agriculture sector over Niger in 

particular and for the Sahel in general. But these results 

are in contradiction with those of Carré et al. [19] who 

have shown that the precipitation over the Sahel is 

lower as the global temperatures are higher. Moreover, 

the consequences of very wet years could lead to 

extreme precipitations, flooding and human health 

damage for example in the heath sector. 

3.2.2 Projected Changes in Precipitations in the 

Different Regions of Niger 

The two scenarios RCP 4.5 and RCP 8.5 predict 

similar results (in term of spatial distribution) of the 

changes in precipitation of the three periods in the 

northern part of Niger (region of Agadez). Indeed, the 

mountainous area of Aïr will experience positive 

changes in precipitations leading to a significant 

increase in rainfall over the three periods (Fig. 6). This 

increase is about 150 mm, i.e., a positive spatial 

evolution rate of 82% of the total annual precipitation 

average in the region of Agadez (180 mm according to 

CHIRPS for the period 1981-2005). As for the southern 

part of Agadez, it will experience an average 

precipitation decrease of about 50 mm, i.e., a decrease 

spatial evolution rate of τs = 27%. The region of Tahoua 

(located in the center and practically in the Sahelo-

Saharan zone) will experience negative changes of 

precipitation leading to a decrease of about 50 mm in 

the eastern part corresponding to 15.1% decrease rate. 

The rest of the region will experience an average 

increase in precipitation ranging from 50 mm to 100 

mm (i.e., an increase rate τs between 15.1% and 30.2%) 

over the three periods. Then, the central-eastern part of 

Niger which includes the regions of Maradi (in the 

center) and Zinder (in the center-east), will experience 

an average decrease of about 50 mm (τs = -13%) over 

the three periods for the scenario RCP 4.5. 
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Fig. 5  SPI anomaly of precipitation for the three periods P1 (2011-2040), P2 (2031-2070) and P3 (2071-2100) under the 

scenarios RCP 4.5 and RCP 8.5 over Niger. 
 

For the eastern part of the country (region of Diffa), 

the changes in precipitation will lead to an average 

increase of between 50 mm and 100 mm (i.e., an increase 

rate τs between 61% and 122%). As for the western part 

of Niger (regions of Tillabéry, Dosso and Niamey), the 

scenario RCP 4.5 will project an average precipitation 

increase of about 50 mm over Niamey and some part 

of Tillabéry (i.e., increase rates τs of 11.5% and 13% 
 

RCP4.5 RCP8.5 
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Fig. 6  Spatial distribution of the changes in precipitation of the ensemble mean of the models for the three periods P1 (2011-

2040), P2 (2031-2070) over Niger under the two scenarios RCP 4.5 and RCP 8.5. The text in the figure represents the different 

regions of Niger namely Tillabery, Dosso, Maradi, Tahoua, Zinder, Diffa and Agadez. 
 

respectively). But, the region of Dosso which is located 

in the Sahelo-Sudanian zone (southwest), will experience 

a slight precipitation decrease τs of about -9%. 

Furthermore, the changes in precipitation for the 

scenario RCP 8.5 has also projected an increase of more 

than 50 mm in the northern part of the Agadez’s region 

(i.e., an increase rate τs of 28%). where usually 

precipitation is very scarce and the southern part of 

Agadez will experience a decrease of more than 50 mm 

(i.e., a negative rate τs of -27%). The mountainous zone 

of Aïr will also experience an increase of more than  

200 mm (i.e., an increase rate τs of more than 111%). 

For the western part of the region of Tahoua, this 

scenario projects a decrease in precipitation during the 

period P1 with a negative rate τs of less than -15.1%. 

The central part of Tahoua will again experience an 

increase in precipitation ranging from 15% to 31% for 

the periods P1 and P2 and from 31% to 45.2% for   

the period P3. This result confirms the Met Office 

report [18] which has found in their forecasts a decrease 

in rainfall ranging from -0.1 mm/day to -0.02 mm/day 

over the western part of the region of Tahoua and an 

increase of 0.1 mm/day in the central part over the 

period 2020-2049. The regions of Marada and Zinder 

will experience a decrease in precipitation during the 

period P1 (i.e., τs = -12.4% for Maradi and τs = -15.6% 

for Zinder respectively). The periods P2 and P3 will be 

marked by positive changes of precipitation leading to 

an increase rate τs of 24.8% for Maradi and 15.6%    

for Zinder. The Diffa region will also face a significant 

increase in precipitations over all the three periods  

with an average rate of τs ranging from 61% to 122%. 

Lastly, for the western part of Niger, the region of 

Dosso will have a slight decrease during the periods  

P1 and P2 and a slight increase during the P3 period. 

The region of Tillabéry will experience an average 

increase τs of between  13.1% and 26.2% during the 

P2 and P3 periods while the period P1 had a very   

low variation of precipitation around the climate 

average. 
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The analysis of the spatial evolution rate of 

precipitations shows positive changes of precipitations 

over the northern, western and eastern parts of both 

scenarios with the highest changes observed over the 

mountainous zone of Air. However, both scenarios 

show negative changes over central, some part of 

southern and east-southern part with the highest 

changes observed in the center of the country. Similar 

results have been obtained by Mouhamed and Toune 

[17] who have indicated that the increase in 

precipitation is expected to be greater respectively in 

the northern and eastern parts of the country and in the 

medium term for RCP 8.5 compared to the short term 

for RCP 4.5. According to Bodian [34], the projections 

of precipitation are uncertain and the results of some 

authors are consistent over the Sahel. 

3.3 Temporal Analysis of Precipitation Projection Trends 

The trend of precipitation obtained from the rate of 

change is given below where the period P1 (2011-2040) 

is characterized by a non-significant decreasing trend 

of precipitation (with a low regression coefficient R = 

0.033) as compared to the reference climate average of 

CHIRPS for the scenario RCP 4.5 (Fig. 7, first row). 

The downward trend is not gradual and shows a 

disordered dispersion of wet and dry years in time 

which marks the randomness of the temporal 

distribution of precipitation. As for the period P3 

(2071-2100), a weak upward trend (with a coefficient 

of regressions R = 0.16) is observed because of many 

years which tend towards the climatic average. A weak 

upward trend in precipitation is observed within each 

of the periods P2 and P3 with regression coefficients of 

0.045 and 0.052 respectively, the trend is more 

noticeable for the period P3 than the period P2. 

For the scenario RCP 8.5, the periods P1 and P3 are 

marked with a positive trend (P1: R =0.056; and P3: R 

= 0.035) and the period P2 by a negative trend (P2: R = 

0.055) with low regression coefficients. The period P2 

indicates almost a horizontal trend line and a low 

regression coefficient which is a non-significant 

positive trend although the period P2 is particularly wet 

compared to the reference period (1981-2005). So, the 

total annual precipitations are clustered around the 

climatic mean (P = 435 mm) with moderate surplus and 

deficit years. The analysis of the rate of change and 

trend shows the randomness of the annual total 

precipitation distribution over Niger in particular and 

the Sahel in general. Thus, the scenario RCP 8.5 as seen 

in previous results, is favorable for more precipitations 

over Niger and the Sahel in general. 

3.4 Monthly Anomaly of Precipitation Projections 

The monthly precipitation anomaly for the three 

periods P1, P2 and P3 for the months of MJJAS (May, 

June, July, August and September) under the two 

scenarios is evaluated to account for the changes during 

the seasonal monsoon variability over Niger and the 

WAM (West Monsoon African) in general (Fig. 8). The 

decrease of precipitation observed in August is similar 

to the results reported by Sultan and Janicot [35] where 

they found the persistent precipitation decrease until 

2100 with the scenario RCP 4.5. Both scenarios have 

projected an intensification of precipitation in the month 

of May with an average increase between 20 mm and 40 

mm which could favor an early onset of the rainy 

season. Moreover, the months of September and June 

will also experience an increase in precipitation which 

is less intense than the one of the months of May. It is 

also more significant with the scenario RCP 4.5 (with 

an average of about 30 mm) than the scenario RCP8.5 

(with an average of about 10 mm). The intensification 

of precipitations in September could lead a delay 

cessation of the rainy season over Niger. Both scenarios 

have projected an increase in precipitation in the 

months of less rainfall (May and September) meaning 

very early onset; an average decrease of about 20 

mm/month in the middle of the rainy season in the 

months of July and August (corresponding to the peak). 

In the scenario RCP4.5, July is more deficient in 

precipitation while with the scenario RCP 8.5, August 

will experience an improvement in precipitation. 
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RCP4.5 RCP8.5 

  

  

  
Fig. 7  Rate of temporal change and trend of precipitation of the model ensemble mean under the two scenarios RCP 4.5 and 

8.5 for the three periods P1 (2011-2040), P2 (2031-2070) and P3 (2071-2100). 
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Fig. 8  Monthly precipitation anomaly for the three periods P1, P2 and P3 for the months of MJJAS under the two scenarios 

RCP 4.5 and RCP 8.5. 
 

Hulme [36] has found over West Africa that the dry 

months (December to February) of the period 2010-

2039 will experience an increase of at about 10% to 35% 

in total precipitations as compared to the reference 

period of 1961-1990. Then, the months of September 

and November will experience an increase of about 7% 

to 28% and the wet period from June to August a 

decrease of 10% to 25% will be observed. The 

projected changes in precipitation observed in this 

study for the months of September, May and June are 

in agreement with the results of Deme et al. [37] 

although the reference periods are different.  

3.5 Seasonal Variability of Precipitation Projections 

The seasonal variability of precipitation for CHIRPS 

shows the unimodal character of the rainy season over 

Niger after the monsoon settles at the end of June with 

the arrival of the ITD (Inter-Tropical Discontinuity) 

moist air/humidity in the Sudano-Sahelian latitudes 

between 5° N and 10° N around July and August (Fig. 

9). Indeed, the installation of the rainy season is 

progressive from the Gulf of Guinea from May or June 

to the Sahelian latitudes between 15° N and 20° N 

around July and August as in the studies of sultan [35]). 

The retreat of the rainy season is announced from 

September towards the south [38].  

According to CHIRPS, the month of June corresponds 

to the beginning of the rainy season over Niger in the 

reference period 1981-2005 (with an average total 

monthly precipitation of 56 mm that is more than 

double of the total of May. Then, the precipitation 

gradually evolves to reach the peak in August with a  
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Fig. 9  Seasonal variability of precipitation for the mean ensemble model and CHIRPS in the three periods P1, P2 and P3 

under the scenario RCP 4.5 over Niger. 
 

total precipitation average of 160 mm, then it decreases 

with the withdrawal of the monsoon system in 

September. The scenario RCP4.5 projects an increase 

of precipitation in the month of May with a total 

precipitation average of 78 mm compared to 52 mm for 

the month of June. 

This projected increase of precipitation in the month 

of May has already been observed in recent years in 

Niger corresponding to an early arrival of the ITD. The 

later gives a false onset of the rainy season which 

results in anticipating the agricultural planting period. 

The increase in the number of rainy days in May could 

lead to an early onset. Therefore, global warming could 

favor an early onset of the rainy season over Niger in 

particular and over Sahel in general from May. 

Although the scenario projects a decrease in monthly 

cumulative precipitation for August, August is still the 

peak of the season. The intensification of precipitation 

at the beginning of the season has caused a decrease in 

precipitation in the middle of the season. Thus, global 

warming could lead to changes of different magnitude 

in the temporal precipitation distribution over Niger. 

The scenarios project precipitation’s decrease in 

August and a heavy (peak) one in May as simulated by 

all models. Indeed, Niamey has experienced heavy 

precipitation event of more than 100 mm on May 5th, 

2016 which has caused flooding and many damages, 

therefore, it is likely that such situations could probably 

occur again in the near or far future. 

4. Conclusions 

The aim of this work is to assess the projected 

changes of precipitations using multi-RCMs models 

over Niger under the scenarios RCP 4.5 and RCP 8.5. 

The data of CHIRPS are used as reference (1985-2005) 

and the SMHI’s RCMs RCA4 is used with 10 different 

forcing GCMs as projections (1985-2005; 2005-2100). 

This study is divided into two-fold: the performance 

evaluation of the multi-RCMs through the validation of 

the model RCA4 in simulating the present climate on 

precipitation (period 1985-2005) over Niger and the 

projected changes of precipitation for the period 2011-

2100) subdivided into three (3) periods P1 (2011-2040), 

P2 (2031-2070) and P3 (2071-2100) respectively in the 

near, medium and far future under the scenarios RCP 

4.5 and RCP 8.5. 

In the historical/present period, most of the RCMs 

capture well the spatial distribution of precipitation by 

highlighting the 4 climatic zones (the Sahelo-Sudanian 

zone, the Sahelian zone, the Sahelo-Saharan zone and 
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the Saharan zone) as in observation CHIRPS. Only the 

RCM IPSL model fails to simulate the climatic zones 

because of its weakness in capturing the precipitation 

over the southern part of Niger. Some RCMs such as 

CSIRO-IPSL and CCCma- HadGEM models have very 

different and even contradictory biases. All the models 

poorly reproduce the annual precipitations anomalies 

for the historical period. However, the ensemble mean 

of the multi-RCMs models reproduces better the 

historical precipitations anomalies than the individual 

model with much more intensity towards the end of the 

first dekad.  

The analysis of the correlation coefficient between 

the multi-RCMs models and CHIRPS gives very 

different and low correlation coefficients for most 

RCMs. The observed low correlation coefficient of 

RCMs indicates that the models have difficulties in 

simulating the precipitation pattern as in observation. 

The reason may be due to the models’ physics, 

convection and parametrization schemes that describe 

the precipitation spatial, temporal distributions, 

accumulations and interannual variability, etc. The t-

test of the RCMs also shows significant differences 

between the models with respect to CHIRPS. It 

indicates the difficulties of the RCMs models to 

correctly simulate precipitations over the study area 

and the Sahel in general. However, the ensemble mean 

of the multi-RCMs models gives again a better result 

than the RCMs taken individually. Thus, the ensemble 

mean of the RCMs will be used hereafter to assess and 

evaluate the projected changes of precipitation for the 

period 2011-2100 over Niger. 

Under the scenario RCP 4.5, the periods P1 (2011-

2040), P2 (2031-2070) have projected high interannual 

variability in the annual total precipitation with some 

years moderately respectively in surplus and deficit of 

precipitations compared to the reference period where 

a balance is shown between surplus and deficit years. 

The period P3 (2071-2100) has also projected high 

interannual variability but with a small upward trend of 

precipitations. As for the scenario RCP8.5, all the three 

periods have projected a significant increase in 

precipitations, especially after the first dekad. The 

scenario RCP8.5 seems to be favorable to a longer wet 

period over Niger whereas this scenario has projected 

an accentuated global warming level between 2.6 °C and 

4.8 °C [4]. According to the results of this scenarios, 

global warming is likely to be favorable to extreme 

precipitations over Niger. This result is in contradiction 

on the finding research from historical water balance 

reconstruction that shows deficits of precipitation over 

Sahel under the higher global temperatures [19]. 

Both scenarios have projected an increase of 

precipitation during the months of May and September 

indicating respectively an early onset and late cessation 

of the rainy season. Unfortunately, these scenarios 

predict a decrease in the monthly totals of precipitations 

in the rainy months of July and August which correspond 

to the peak of the season. Therefore, this shifting in the 

rainy season observed in these scenarios will strongly 

affect the agriculture activities if an accurate 

monitoring of the season is not conducted to detect the 

dry spell within the monsoonal period. Moreover, 

global warming will likely result in a reorganization of 

the seasonal distribution of precipitation with 

significant changes in precipitations trend towards dry 

and/or wet periods over Niger leading to new measures 

of resilience and adaptation to climate change in the 

Sahelian regions and Niger in particular. 
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