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Climate change impacts negatively vulnerable regions such as West African countries like Senegal, 
through an increase of climate extremes. The objectives of this study is to analyze the future evolution 
of the extreme temperature events and their impacts on human health in Senegal during the cold 
(DJF), hot (MAM) and wet seasons (JAS) under the greenhouse gas scenarios RCP4.5 and RCP8.5 
using Climate projections of five (5) regional climate models (RCMs) of the Coordinated Regional 
Climate Downscaling Experiment (CORDEX) program. The results show that the biases of the RCMs are 
globally low especially their ensemble mean of the RCMs. This ensemble mean was afterwards 
considered in the analysis of the climate extremes in the near (2021-2050) and far future (2071-2100). 
When considering the near future, the frequency of the hot nights (Tn90p) increases under the 
scenario RCP8.5 (up to 90%) during the rainy season in the south of the country. As for the 
percentage of the hot days (Tx90p), it may reach approximately 70% under the scenario RCP8.5 in 
DJF over the majority of the country. Moreover, a strong increase of Tn90p and Tx90p is also 
diagnosed during the far future with values exceeding 80% over most parts of the country. 
Concerning the evolution of the heat wave magnitude index-daily, the ensemble mean of all models 
shows that the heat waves are more severe in MAM and JAS under both scenarios during the near and 
the far future over most parts of the country. To estimate the potential impacts of this heat stress on 
the human health, the heat index and the humidex are used. The analysis of the heat index shows 
that the sanitary risks are more perceptible over the whole country during the rainy season with 
values reaching the symptom band II for both scenarios during the far future. As for the humidex, it is 
characterized by a gradual increase from the historical period to the far future. This analysis 
highlights the fact that appropriate adaptation measures should be considered to tackle efficiently the 
increase of temperature extremes which may impact negatively the human health. 
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INTRODUCTION 
 
The knowledge of extreme events of temperatures is of  
 

 
a   key    importance   for  several  economic   sectors,  
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particularly for agriculture. Indeed, these extreme  
events can impact strongly the West African 
populations. Agriculture, which is the main source of 
income for the populations of this region, and   
particularly those of Senegal, is the most sensitive sector 
to these extreme changes in temperature. Indeed, very 
large increases in temperature can inhibit the growth of 
certain plants (Salack et al., 2015; Basak et al., 2013). 
Thus, yields of some crops such as wheat, rice, maize or 
groundnuts can be greatly reduced by extremely high 
temperatures at the key stage of their development. 
These temperature increases can also have negative 
impacts on human health as some studies have shown 
(Campbell et al., 2018; Hass et al., 2016; Garland et al., 
2015). According to Kotir (2011), the African continent is 
generally considered as warm and dry continent with 
current trends showing warmer heat waves than those 
that prevailed 100 years ago. The mean temperatures 
observed show an increase in global warming since 1960 
(IPCC, 2013). 

Recent studies led by Moron et al. (2016), Ly et al. 
(2013) and New et al. (2006) showed an increase in 
heat waves and a decrease in cold days over West 
Africa. In addition, the minimum temperature increases 
more rapidly than the maximum temperature, thus 
involving a reduction of the diurnal variation in 
temperature. The predictions of models based on 
greenhouse gas emissions scenarios showed that the 
global warming continues to increase (Ceccherini et al., 
2017; Sylla et al., 2016; Giorgi et al., 2014; Boko et 
al., 2007). However, these temperature changes are 
not uniform. Indeed, the climate change scenarios 
used in West Africa showed that the greatest 
temperature rises are recorded in semi-arid areas such 
as the Sahara and the Sahel and the lowest in the lower 
latitudes, especially in the Guinean zone (Hulme et al., 
2001). At the beginning, these climate change scenarios 
were done with global climate models (IPCC, 2013). 
However, these global climate models (GCMs) face 
enormous difficulties in representing the climate at the 
regional scale because of their low spatial resolution 
(200 to 300 km). Certainly, these GCMs do not take into 
account certain surface processes such as topography or 
heterogeneities of the Earth's surface. To remedy it, 
regional climate models (RCMs) are increasingly being 
used to dynamically disaggregate GCMs (Giorgi et al., 
2014; Laprise et al., 2013; Camara et al., 2013). 
In this paper, we analyze the future evolution of 
temperature extremes and perceived heat indices 
(humidex and heat index) in Senegal using regional 
climate models of the Coordinated Regional Climate 
Downscaling EXperiment (CORDEX programme) during 
the future under the scenarios RCP4.5 and RCP8.5. 
This program is described in detail by Giorgi et al. (2009). 
The CORDEX is an international program led by a 
number of research centers to provide the scientific 
community with reliable climate  change  scenarios  for 

 
 
 
 
impact assessment and research adaptation. Two 
types of simulations are considered: those concerning 
the present time and the climate projections. The first 
category of simulations (present time) consists of 
evaluating the performance of RCMs to reproduce the 
present climate (1989-2008). Studies led in this context 
(Gbobaniyi et al., 2014;, Kim et al., 2014; Nikulin et al., 
2012; Camara et al., 2013) have shown that these 
CORDEX RCMs represent well enough the spatial 
distribution of rainfall and temperature and also the 
ensemble mean of the models outperforms the regional 
climate models taken individually. 

The second series of simulations (climate projections, 
period 2006-2100) aims to analyze the future evolution of 
the climate. In this context, several studies have been 
carried out (Sarr and Camara, 2017; Diallo et al., 2016; 
Sylla et al., 2016; Mariotti et al., 2014; Giorgi et al., 2014; 
Laprise et al., 2013) to identify the future evolution of 
the precipitation and the mean surface temperature. 
However, few research works have been devoted in 
studying the future evolution of extreme temperature 
events and its impact on human health in West Africa 
and particularly in Senegal. Then, the main purpose of 
this study is to analyze the seasonal evolution of 
temperature extremes and their impacts on human health 
in Senegal by focusing on greenhouse gas concentration 
scenarios RCP85 and RCP4.5. 
 
 
DATA AND METHODS 
 
Description of the study area 
 
Senegal is an African country located in the westernmost part of the 
continent (Figure 1). It extends in longitude between 12° W and 17° 
W and in latitude between 12° N and 16.5°N in the so-called 
Sudano-Sahelian region. This latter is considered by the 
Intergovernmental Panel on Climate Change (IPCC) experts as an 
area vulnerable to climate change due to its low capacity adaptation 
(Boko et al., 2007; IPCC, 2013). The climate in Senegal is 
characterized by a single rainy season (roughly from June to 
October) followed by a longer dry season (November to May). 
During the rainy season, rainfall decreases from South to North; this 
translates into a semi-arid type climate in the North and a tropical 
one in the South (Sagna, 2000).  
 
 
Climate change scenarios and climate indices 
 
A study based on daily temperature data is done using high 
resolution simulations (0.44°) o f  five (5) regional climate models 
(RCMs) of the CORDEX program. These models are: CCLM4, 
RCA4, HIRHAM5, RACMO22T and REMO. The institutions of these 
models and their references are presented in Table 1. The RCMs 
outputs are available from this website: 
https://www.cordex.org/output.html. These models are described in 
details by Nikulin et al. (2012). The RCMs RACMO22T, HIRHAM5 
and REMO are forced by the outputs of the GCM EC-EARTH; 
while models RCA4 and CCLM4 are forced by the outputs of 
the GCM CNRM-CM5. The climate projections were obtained by 
forcing these RCMs through the outputs of these GCMs under the 
greenhouse gas scenarios RCP4.5 (medium scenario) and RCP8.5  
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Figure 1. Map of Africa. The study area (Senegal) is in red color. 

 
 
 

Table 1. Description of the regional climate models. 
 

Name GCM forcing Institution References 

CCLM4 CNRM-CM5 CLM-community Baldauf et al. (2011) 
RACMO22T EC-EARTH KNMI, The Netherlands Van Meijgaard et al. (2008) 
RCA4 CNRM-CM5 SMHI, Sweden Samuelsson et al. (2011) 
HIRHAM5 EC-EARTH DMI, Denmark Christensen et al. (2006) 
REMO EC-EARTH MPI, Germany Jacob et al. (2007) 

 
 
 
Table 2. Description of the climate indices 
 

Indices Descriptive name Definition Unit 

Tn90p Frequency of warm nights 
Percentage of nights with daily minimum temperatures Tn > 
90th percentile of the reference period (1976-2005) 

% 

    

Tx90p Frequency of warm days 
Percentage of days with daily maximum temperatures Tx > 
90th percentile of the reference period (1976-2005) 

% 

 
 
 
(severe scenario), corresponding respectively to an emission of 
4.5 and 8.5 W/m2 by 2100 (Moss et al., 2010). To study the 
future evolution of temperature extremes in Senegal, we 
considered the periods 1976-2005 (reference  period),  2021-2050 

(near future) and 2071-2100 (far future). Some climate indices 
relevant for the characterization of the temperature extremes are 
analyzed (Table 2).  

In addition to these indices presented in Table 2, we also  used



 

484          Afr. J. Environ. Sci. Technol. 
 
 
 
the heat waves magnitude index- daily (HWMId) (Russo et al., 
2015). The HWMId is defined as the maximum of all heat wave 
magnitudes for a given year, where heat wave is the period of 3 
or more consecutive days with maximum temperature above the 
daily threshold for the reference period 1976-2005. The threshold is 
defined as the 90th percentile of daily maxima, centered on a 
31-day window. This index is designed to take into account both 
the severity of temperature extremes and the duration of a heat 
wave. The magnitude of a heatwave is defined as the sum of the 
daily magnitude (Md) within a heatwave. Md is given by: 
 

                                                   (1) 

 
where Td is the daily maximum temperature, T75p and T25p 
are respectively the 75 and 25th percentile values of the yearly 
maximum temperature during the reference period (1976-2005). 

To assess the heat stress, we considered the two main 
standard heat indices used in numerous studies (Garland et al., 
2015; Anderson et al., 2013; Willett and Sherwood, 2012; Hayhoe  
et al., 2010): the heat index (HI) developed by the US National 
Weather Service and the humidity-index commonly called humidex 
(HUM) developed by the Canadian meteorologists. The HI 
measures the combined effect of heat and humidity on human 
physiology while the HUM was used to describe the impacts of 
humidity on human comfort. 

The heat index (HI) and the humidex (HUM) are respectively 
defined by the Equations 2 and 3: 
 

                                                                                                       (2) 
 
where HI is the heat index (in °F), T is the 2 m air temperature (in 
°F) and R is the 2 m relative humidity (in %). In this study, the HI 
values were afterwards converted into °C. 
 
HUM = T + 5⁄9 (e − 10)                        (3) 
 

where e = 6.112 × 107.5T⁄ (237.7+T).R/100. T and HUM are 
respectively the 2 m air temperature (°C) and the humidex (°C) 

The analysis of these climate indices is carried out during the hot 
(March-April-May, MAM), cold (December-January-February, DJF) 
as well as the rainy (July-August-September, JAS) seasons. 
 
 
RESULTS 
 
Validation of the surface temperature 
 
Figure 2 shows the evolution of the mean surface 
temperature during DJF (average from December to 
February), MAM (average from March to May) and JAS 
(average from July to September) periods from 1989 to 
2008 for the Climate Research Unit (CRU) observation 
data and the deviation from CRU of the ensemble mean 
of the models. The CRU data shows that the lowest 
temperatures (around 24°C) are observed during the 
DJF period and especially in the northwestern part of 
Senegal. During the MAM period, temperatures are 
relatively   high   through  Senegal  compared  to  other  

 
 
 
seasons. In addition, CRU climatology has a zonal 
gradient with higher temperatures observed towards the 
east of the country during this period. However, during 
the rainy season (JAS), it has a decreasing north-south 
gradient over Senegal. This is due to the fact that during 
this season, the rainfall in this country is characterized 
by a latitudinal gradient with intensities much stronger 
in the south causing a considerable temperature 
declines in this part of the country. When considering the 
deviation from CRU of the ensemble mean of the models, 
weak warm biases (less than 1.5°C) are recorded in DJF 
over the country especially in the southern and north-
eastern parts over the western part of the country and 
weak cold bias over the coastal zone. The deviation from 
CRU of the ensemble mean during the summer period 
(JAS) shows that the ensemble mean of all models 
reproduces well the spatial pattern of the temperature 
over the country with an underestimation over the 
southern part where it has a very low underestimation 
(less than 1°C). When comparing the performance of 
individual models with the ensemble of all models 
(Figure not shown), we found that biases are weaker for 
the latter; in coherence with Gbobaniyi et al. (2014) and 
Kim et al. (2014) works which showed that the ensemble 
mean of the models better reproduces the spatial 
distribution of surface temperature (Appendix Figures 1-
4). These small biases also confirm that the ensemble 
mean of all models has a more robust signal. 

This validation study allowed us to confirm that the 
ensemble mean of the models improves the 
performance of the models taken individually as shown 
in the previous studies (Gbobaniyi et al., 2014; Kim et al., 
2014). That is why it will be considered to diagnose the 
future evolution of temperature and some extreme 
temperature indices in Senegal.  
 
  
Future evolution of the mean surface temperature 
 
The spatial distribution of the mean surface temperature 
difference between the near future (2021-2050) and the 
reference period (1976-2005) shows that the ensemble 
mean of the models shows an increase of the mean 
temperature during all three considered seasons 
(Appendix Figures 5). These increases are generally 
higher during the cold season (DJF) and can exceed 
1.5°C, over large parts of the country under the severe 
scenario (RCP8.5). The east-west gradient during the 
MAM season is materialized by increases which are 
stronger towards the eastern part of the country. This 
warming could exceed 1°C under the medium scenario 
and 1.3°C under the severe one. Temperature 
increases are relatively lower during the rainy season 
(JAS) compared to the other seasons. The largest 
increases are in the northeastern part of the country and 
do not exceed 1.2°C under the severe scenario. Senegal 
could experience a very strong rise in temperatures during 
the far future compared to the near future. The highest  
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Figure 2. Mean temperature in DJF, MAM and JAS seasons from 1989 to 2008 for CRU data and deviation from CRU 
observations of mean DJF, MAM and JAS temperature averaged from 1989 to 2008 of the ensemble mean of regional 
climate models (RCMs). 
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increases are still observed in DJF in the center of the 
country and can exceed 2°C under the medium scenario 
and 4.4°C under the severe one. These temperature 
increases are relatively low in the north and the south 
of the country. In MAM, the ensemble mean of the 
models under the RCP4.5 and RCP8.5 scenarios 
simulates temperature increases of up to 2 and 4.2°C, 
respectively in the eastern part of the country. As for the 
near future, the highest temperature increases in JAS are 
still recorded in the north-east and can exceed 2.3 and 
4°C, respectively under the scenarios RCP4.5 and 
RCP8.5 during the far future. These strong temperature 
increases observed in the semi-arid countries of Sahel 
and particularly in Senegal may lead to an increase in 
evaporation phenomena and consequently a 
strengthening of rainfall extreme events such as floods as 
pointed by Ly et al. (2013).  

 
 
Future evolution of temperature extremes 
 
Figure 3 shows the frequency of days during the near 
future with minimum temperature warmer than the 90th 
percentile of the reference period (1976-2005) 
threshold for the three seasons considered (DJF, 
MAM, JAS). The ensemble mean of the models under 
both scenarios shows a strong percentage of warm 
night (Tn90p) in DJF over the center of the country 
with values exceeding 70%. During the MAM and JAS 
seasons, the ensemble mean of the models presents a 
north-south gradient with values exceeding 90% during 
the JAS season over the south of the country for both 
scenarios. The Tn90p spatial evolution during the far 
future (2071-2100) (Figure 4) shows that the ensemble 
mean of the models predicts a stronger change during 
the far future compared to the near future. In fact, 
during the cold season (DJF), its projects Tn90p values 
of the order of 80% under the medium scenario 
(RCP4.5). Under the severe scenario (RCP8.5), it 
envisages very strong changes especially over the 
coastal zone (greater than 98%). In MAM, large increase 
in the percentage of warm nights during the far future 
are recorded in the south of the country and can exceed 
99% under the RCP8.5 scenario. This increase in warm 
nights is consistent with the larger surface temperature in 
the MAM season known as the hottest one. Moreover, the 
greenhouse gas concentration in the atmosphere tends to 
increase during the far future under the severe scenario 
RCP8.5 which in turn may increase surface temperature 
and thermal extremes. The frequency of warm nights is 
generally higher during the JAS season through 
Senegal, especially under the RCP8.5 scenario with 
values close to 100% by 2100. The larger increase in the 
percentage of warm nights (Tn90p) is consistent with the 
faster strengthening of minimum temperatures compared 
to maximum temperatures in the Sudano-Sahelian  region  

 
 
 
 
as suggested by New et al. (2006), Ly et al. (2013) and 
CEDEAO-ClubSahel/OCDE/CILSS (2008).  

The percentage of days with maximum temperature 
greater than the 90th percentile (Tx90p) of the reference 
period during the near future is shown in Figure 5. The 
ensemble mean of the models, under both scenarios, 
projects a frequency of Tx90p of the order of 70% over 
a large part of the country in DJF. During the hot season 
(MAM), it projects small changes in hot days (Tx90p). 
The highest values of Tx90p recorded in the country 
are of the order of 60% for the severe scenario 
(RCP8.5). The changes are generally lower in the 
coastal zone for both scenarios. This result suggests 
some possible sea effects as this latter may decrease the 
surface temperature which in turn may impact 
temperature extremes. Tx90p changes by 2050 are 
generally low in JAS compared to the cold season 
(DJF) and hot season (MAM). Indeed, the highest 
values are obtained with the RCP8.5 scenario (less than 
60%) over a large part of the country. Stronger values of 
Tx90p are recorded when considering the far future 
(Figure 6). In DJF, the ensemble mean of the models 
presents a north-south gradient of Tx90p with a hot day 
frequency reaching 94% under the RCP4.5 scenario and 
98.5% under the RCP8.5 scenario in the south of the 
country. On the other hand, during the hot season 
(MAM), the ensemble mean of the models has an east-
west gradient with an important increase in the 
occurrence of hot days (up to 97%) towards the west 
during this period under the severe scenario (RCP8.5). 
Projected changes during the far future of Tx90p in JAS 
under the medium scenario are relatively low with 
values not exceeding 70% over a large part of the 
country. However, under the severe scenario, it predicts 
very strong changes (above 93%) over Senegal. This 
could translates into negative consequences for the socio-
economic activities such as agriculture and the human 
health. Projected changes during the far future of Tx90p 
in JAS under the medium scenario are relatively low 
with values not exceeding 70% over a large part of the 
country. But, under the severe scenario, it predicts 
very strong changes (above 93%) over the country.  

To go deeper in the analysis of thermal extremes, 
Figure 7 shows the heat waves magnitude index-daily 
(HWMId) during the near future (2021-2050). In DJF, the 
ensemble mean of the models under both scenarios 
presents heat waves with magnitude of the order of 35 
over a large part of the country. Values reaching 55 are 
located over the north-western part of the country. High 
values of HWMId are also diagnosed during the hot 
season (MAM) for both scenarios. During the rainy 
season, the ensemble mean of the models projects very 
strong values of HWMId over a large part of the Senegal 
especially under the RCP8.5 scenario. The analysis 
shows that the strongest values of HWMId are expected 
during the far future (2071-2100) in the country (Figure 
8). In fact, during the  DJF  season,  the  HWMId  values  
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Figure 3. Percentage of days in the near future (2021-2050) with minimum temperature warmer than 
the 90th percentile of the reference period (1976-2005) during the DJF, MAM and JAS seasons. 

 
 
 
can reach 50 and 60, respectively under the RCP4.5 
and RCP8.5 scenarios over  the  north-western  part  of 

the country. These heat waves are relatively important 
during the hot season for both scenarios with magnitude  
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Figure 4. Percentage of days in the far future (2071-2100) with minimum temperature warmer than the 
90th percentile of the reference period (1976-2005) during the DJF, MAM and JAS seasons. 

 
 
 
exceeding 60 in the western part of the country. The 
projections   obtained   with   the  ensemble  mean  of  the 

models during the rainy season (JAS) show that 
Senegal could be affected by heat waves  episodes  with  
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Figure 5. Percentage of days in the near future (2021-2050) with maximum temperature warmer than the 
90th percentile of the reference period (1976-2005) during the DJF, MAM and JAS seasons. 

 
 
 
magnitudes that could exceed 65 under the severe 
scenario. This increase of heat waves is consistent with 
Dosio et  al.  (2017)  studies.  This  strong  increase  in 

HWMId predicted by the ensemble mean of all models 
during the rainy season (JAS) could be detrimental for 
agricultural  yields    during   the  far future (Sarr  and  
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Figure 6. Percentage of days in the far future (2071-2100) with maximum temperature warmer 
than the 90th percentile of the reference period (1976-2005) during the DJF, MAM and JAS 
seasons. 

 
 
 
Camara, 2018) as well as the health of populations. 
 
 
The associated health risks 
 
Rising heat waves can negatively impact human health, 
according   to   some  authors  (Campbell  et al., 2018; 

Hass et al., 2016; Garland et al., 2015). In fact, the 
combination of temperature and relative humidity 
increases could have negative impacts on human 
health. When considering the spatial distribution of the 
heat index during the reference period (Figure 9), the 
ensemble mean of the models shows low heat index 
(HI) values during the cold period (DJF)  compared  to  
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Figure 7. Heat waves magnitude index-daily (HWMId) during the near future (2021-2050) for the DJF, MAM 
and JAS seasons. 

 
 
 
other seasons. The HI is relatively stronger during the 
hot season (MAM) with values reaching 28°C in  Central 

and Southern Senegal. The reinforcement of the HI during 
the hottest  season  (MAM)  may  due  to  the  increase  in  
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Figure 8. Heat waves magnitude index-daily (HWMId) during the far future (2071-2100) for the DJF, 
MAM and JAS seasons. 

 
 
 
surface temperature.  During the rainy season (JAS), the 
ensemble mean of the models has a North-South 
gradient with strong HI values located in the north of 
the country (up to 30°C) as for the surface temperature. 
This result suggests that the temperature is the main 
factor controlling the HI spatial variability. These  high  HI 

values obtained during the hot and the rainy seasons 
correspond to the symptom band I (Table 3). The strong 
HI values recorded during the rainy season could be due 
to the increase of the relative humidity during this period. 
The projections obtained on the heat index during the 
near  future  (2021-2050)  (Figure  10)  show  that  the  
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Figure 9. Evolution of heat index (°C) during the reference period (1976-2005) in DJF, MAM and JAS seasons. 

 
 
 
Table 3. Heat index threshold and potential health impact. 
 

Symptom 
band (SB) 

US NWS 
Classification 

Heat index (°C) Possible adverse effect 

SBI Caution 27-32 Fatigue possible with prolonged exposure and/or physical activity 
    

SBII 
Extreme 
caution 

32-39 
Heat stroke, heat cramps, or heat exhaustion possible with prolonged 
exposure and/or physical activity 

    

SBIII Danger 39-51 
Heat cramps or heat exhaustion likely, and heat stroke possible with 
prolonged exposure and/or physical activity 

    

SBIV 
Extreme 
danger 

> 51 Heat stroke highly likely 
 

Source: OHSCO (2008); http://ggweather.com/101/hi.html. 
 
 
 
ensemble mean of the models presents slight changes 
during the cold season.  

However during the warm season, an increase is noted 
especially in the south of the country  with  HI  values  
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Figure 10. Evolution of the heat index (°C) during the near future (2021-2050) in DJF, MAM and JAS 
seasons. 

 
 
 
greater than 31°C under both scenarios. During the 
reference period, the highest values are still  recorded  in 

JAS season during the near future (2021-2050). 
However, the ensemble mean of the models under  both  
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Figure 11. Evolution of the heat index (°C) during the far future (2071-2100) in DJF, MAM and JAS 
seasons. 

 
 
 
scenarios simulates an increase of HI (up to 33°C) in 
the northeastern part of the country highlighting the 
presence of the symptom band II (SBII). It should also be 
noted that this increase in HI values is not always due to 
an increase in temperature. In fact, relative humidity also 

plays a fairly important role, as some studies have 
shown (Suparta and Yatim, 2017; Hass et al., 2016). 
Figure 11 shows the projections during the far future 
(2071-2100) of the heat index. A gradual increase is 
simulated during this period compared to the reference  
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Figure 12. Temporal evolution of the heat index (°C) during the cold (DJF), hot (MAM) and wet seasons (JAS) in the north (left 
panel) and in the south (right panel) of Senegal. 

 
 
 
period and the near future. However, this increase is 
generally less than the threshold value (27°C) in DJF. It 
is only on the southwest coast of Senegal that HI values 
of around 27°C are recorded under the RCP8.5 scenario. 

In MAM, the ensemble mean of the models simulates a 
slight decrease under the RCP4.5 scenario compared to 
the near future. However, under the RCP8.5 scenario, 
it simulates an important increase compared to the 
near future (2021-2025) with values greater than 32°C 
corresponding to the symptom II band 
(32°C<SBII<41°C). The situation could be much more 
alarming during the rainy season (JAS) due to the strong 
increase of humidity. In fact, the projections obtained with 
the ensemble mean of the models by 2100 shows HI 
values which  are  generally  above  27°C  under  both 

scenarios across the country. Under the RCP4.5 
scenario, it highlights the presence of symptom band I in 
the western part of the country and the presence of 
symptom band II in the south-east of the country. 
However, under the RCP8.5 scenario, a large increase 
in symptom band II is expected almost all over Senegal, 
causing serious discomfort (fatigue, heat stroke, heat 
cramps, etc.) for local populations. 

The temporal evolution of the seasonal heat index in 
Northern (17°W-12°W, 14.4°N-16.8°N) and Southern 
(17°W-12°W, 12.7N-14.4N) Senegal from 1976 to 2100 
is as shown in Figure 12. The heat index has increased 
in almost all parts of Senegal. However, this increase is 
relatively low during the cold season (DJF). However, 
the  HI  values  may  reach  the  SBI  at  the end of  the  
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Figure 13. Evolution of the humidex (°C) during the reference period (1976-2005) in DJF, MAM and JAS seasons. 

 
 
 
century under the RCP8.5 scenario in coherence with the 
temperature rise in the far future Appendix Figures 6 and 
7. During the hot season (MAM), the ensemble mean 
of the models shows that the HI values are relatively 
stronger compared to cold season. The HI values are 
also stronger in the south and can reach the SBII under 
the RCP8.5 scenario. A strong increase of HI values is 
recorded during the rainy season compared to other 
seasons causing serious discomfort to the local 
populations. The presence of SBII is highlighted by the 
ensemble mean of the models in the north and the center 
of country from 2050 for both scenarios. This increase 
is relatively low in the south of the country. It reaches 
the SBII from 2070 only for the RCP8.5 scenario. This 
large increase in the heat index could be harmful for 
those working or exercising physical activity. 

As for the heat index, the evolution of humidex during 
the reference period (Figure 13) shows that the cold 
season (DJF) is the more comfortable season followed by 
the hot season (MAM). However, some discomfort 
(category B) is observed during this season particularly 
in the south-west of the country. In fact, some discomfort 
are observed in all the country. The projections during 
the near future (2021-2050) of the humidex are as 
shown in the Figure 14. The results show a slight 
increase of the category B during the hot season in the 
south of the country and in all the country during the 
rainy season under both scenarios. Compared to heat 
index, the results obtained during the hot season 
(MAM) show that when we consider the humidex the 
heat stress would not affected the human health during 
this season.  Figure  15  shows  the  evolution  of  the  
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Figure 14. Evolution of the humidex during the near future (2021-2050) in DJF, MAM and JAS seasons. 

 
 
 
humidex during the far future (2071-2100). Results 
show that the human discomfort during this period is 
imminent. In fact, the category B continues to  increase 

and its presence is noted during the cold season in the 
south of the country particularly under the RCP8.5 
scenario. Admittedly,  the  acclimatization  capacity of
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Figure 15. Evolution of the humidex during the far future (2071-2100) in DJF, MAM and JAS seasons. 

 
 
 
 the human body in the country of residence to global 
warming is not well studied, especially in the countries 
of the  world.  However,  in  Sahel  regions  for  example, 

large temperature increases combined with strong 
humidity could be mortal particularly for the sick, the 
small children and the elderly persons. 
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Figure 16. Temporal evolution of the humidex (°C) during the cold (DJF), hot (MAM) and wet seasons (JAS) in the north (left 
panel) and in the south (right panel) of Senegal. 

 
 
 

The temporal evolution of the seasonal humidex in 
Senegal from 1976 to 2100 are shown in Figure 16 for 
the north (17°W-12°W, 14.4°N-16.8°N) and the south 
(17°W-12°W, 13.7°N-14.4°N). The results show that the 
presence of category A during the cold season (DJF) 
which is characterized by a little or no discomfort in the 
south and the north of the country. However, the 
humidex values are stronger in the south with values 
which can reach 27°C for RCP8.5 scenario. During the 
hot season (MAM), the ensemble mean of the models 
shows the presence of the category B, characterized 
by some discomfort from 2060 in the north for only the 
RCP8.5 and in the south for both scenarios. The strong 
humidex values are recorded during the wet season 
(JAS) in the north and south of the country highlighting 
the development of the category C Table 4. 

CONCLUSION AND PERSPECTIVES 
 
In this study, the ensemble mean of 5 CORDEX RCMs 
was considered to analyze the seasonal evolution 
(DJF, MAM and JAS) of the mean temperature as well 
as some extreme temperatures such as Tn90p 
(percentage of warm nights), Tx90p (percentage of hot 
days) and heat waves during the near future (2021-
2050) and the far future (2071-2100). The biases of the 
ensemble mean of the models considered were first 
assessed. The validation step results highlight the good 
performance of the ensemble mean of the models. The 
latter was then considered in the study of the future 
evolution of temperature and extreme temperature 
events. An increase in temperature is predicted by the 
ensemble mean of the models across the  country.  The 
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Table 4. Humidex threshold and potential health impacts.    
 

Categories corresponding to the 
rising thermal discomfort conditions 

Humidex (°C) Impacts 

A 30 Little or no discomfort 
B 30-34 Noticeable discomfort 
C 35-39 Evident discomfort 
D 40-45 Intense discomfort; avoid exertion 
E 54 Real dangerous; heat stroke probable 

 

Source: NIOSH (1992); http://www.hpc.ncep.noaa.gov/html/heatindex.shtml. 
 
 
 
highest increases are recorded during the DJF season 
and can reach 1.5°C under the RCP8.5 scenario over 
most of the country soon. During the far future, 
increases can reach 2 and 4.5°C, respectively under the 
scenarios RCP4.5 and RCP8.5. The warming is relatively 
lower during the rainy season (JAS) compared to DJF 
and MAM. 

For extreme temperature events, the largest increases 
in warm nights are located during the DJF season in 
the south of the country for both scenarios with Tn90p 
occurrences higher than 70% by 2050. During the far 
future, the increase is above 80% over a large part of 
the country. These increases are more significant during 
the JAS season under the RCP8.5 scenario with Tn90p 
values close to 100% over a large part of the country 
and this could have negative consequences on the 
agriculture of our country. Changes in the percentage of 
hot days (Tx90p) are relatively lower than those of 
Tn90p almost nationwide. The largest increases in Tx90p 
in the near future are recorded in DJF under the 
RCP8.5 scenario and are less than 70%. By 2100, the 
Tx90p maxima recorded during the DJF season in the 
southern zone of the country can reach 94 and 98.5% 
respectively under the RCP4.5 and RCP8.5 scenarios. 
The heat wave magnitude index-daily analysis (HWMId) 
shows that the magnitude of the heat waves are 
stronger during the hot and the rainy season with values 
exceeding 50 over most parts of the country during the 
far future. 

To study the impact of this heat stress on human 
health, we analyzed the heat index and the humidex. 
The results obtained show that maxima of heat index 
corresponding to symptom band II are recorded in JAS 
over the south-east of the country during the near future 
and over most part of the country during the far future for 
both scenarios. In addition, the frequency of the symptom 
band II is higher during this season. The analysis of the 
humidex shows an increase of the discomfort which is 
more pronounced during the rainy season. 

Finally, these results show that temperatures could 
become stronger in Senegal in the future, resulting in 
longer and more frequent heat waves. This warming could 
have negative consequences for the natural ecosystem 
and local populations. In perspective, it would be 

important to conduct additional studies to better quantify 
the impact of this future warming on socio-economic 
activities of the population in order to put in place 
appropriate adaptation measures. 
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APPENDIX FIGURES 
 

 
 
Figure 1. Mean temperature in DJF, MAM and JAS seasons from 1989 to 2008 for CRU data. 
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Figure 2. Deviation from CRU observations of mean DJF temperature averaged from 1989 to 
2008 of the RCMs and their ensemble mean. 
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Figure 3. Deviation from CRU observations of mean MAM temperature averaged from 1989 to 
2008 of the RCMs and their ensemble mean. 
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Figure 4. Deviation from CRU observations of mean JAS temperature averaged from 
1989 to 2008 of the RCMs and their ensemble mean. 
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Figure 5. Spatial distribution of the mean surface temperature difference between the near 
future (2021-2050) and the reference period (1976-2005). 
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Figure 6. Spatial distribution of the mean surface temperature difference between the far future 
(2071-2100) and the reference period (1976-2005). 
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Figure 7. Temporal evolution of the surface temperature (°C) during the cold (DJF), hot (MAM) and wet seasons (JAS) in the 
north (left panel) and in the south (right panel) of Senegal. 

 
 
 
 
 


