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Abstract 
Climate change is manifested by a modification in the frequency and intensity 
of extreme climatic phenomena that can cause significant damage to human 
activities and ecosystems. The objective of this study is to carry out a compar-
ative analysis of the observed evolution of hydroclimatic extremes between the 
cities of Niamtougou (Togo) and Zinder (Niger) from 1980 to 2020. Daily data 
on rainfall and temperature (minimum and maximum) were used to calculate 
six (06) extreme rainfall indices and six (06) extreme temperature indices. Fur-
thermore, the non-parametric Man-Kendhal test and Sen’s slope were applied 
to estimate trends in hydroclimatic extreme indices. The results indicate an 
increase in all extreme rainfall indices in both Niamtougou and Zinder. As for 
the indices relating to extreme temperatures, only the frequency of cool days 
and the frequency of cool nights show a negative trend in these two cities. These 
results are important for better management of climate risks in the study areas. 
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1. Introduction 

Climate change is now unequivocal on a global scale and increasingly evident on 
regional and local scales (IPCC, 2021). Anthropogenic greenhouse gas emissions 
increase the global average temperature and affect the entire Earth’s climate sys-
tem. Thus, the global average temperature increased by 0.05 (0.15 to 0.15) ˚C per 
decade between 1998 and 2012, compared to a long-term increase of 0.12 (0.08 to 
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0.14) ˚C per decade over the period from 1951 to 2012 (IPCC, 2013). In addition, 
extreme temperatures and rainfall have shown a robust increase in Africa. For 
instance, February 11-15, 2024, many West African countries experienced severe 
heatwaves with temperatures above 40˚C (Pinto et al., 2024). In 2023, thirty-two 
(32) people died, thirty (30) were injured and 110,000 persons were affected by 
floods caused by torrential rains between June and September1. In addition, floods 
caused by heavy rainfall killed 2,970 and 275 persons respectively in Democratic 
Republic of Congo and Nigeria.  

Furthermore, all the general circulation models (GCMs) used by the IPCC dur-
ing the Fourth Assessment Report indicate temperature projections in West Af-
rica of around 3.3˚C by the end of the 21st century. Concerning the expected evo-
lution of precipitation amounts in sub-Saharan Africa, the uncertainty is consid-
erably greater and several models do not agree on whether the evolution of pre-
cipitation will be negative or positive (Bichet et al., 2020; Cooper et al., 2008).  

Climate change is altering the frequency, intensity, extent, duration and timing 
of extreme weather events with dramatic consequences for food security and eco-
nomic growth. In West Africa, a number of studies have been undertaken to un-
derstand the evolution of climatic extremes. For instance, Audu et al. (2021) ex-
plored precipitation extremes over Nigeria from 1973 to 2013 and observed sig-
nificant negative trends in most of the precipitation indices except the consecutive 
dry day which showed upward trends in many parts of the country. Halissou et al. 
(2021) analyzed the variability of extreme temperature events in the Beninese ba-
sin of the Niger River for the recent and the near future and revealed significant 
trends in indices of extreme temperature intensity and those related to the fre-
quency of warm sequences in the past. In Togo, Klassou and Komi (2021) analyze 
extreme rainfall over the middle Oti River Basin and showed decreasing trends in 
most of the heavy rainfall indices while the dry spell index exhibited a rising trend 
in a large portion of the study area from 1921 to 2018. Moreover, Ly et al. (2013) 
analyzed the evolution of some extreme temperature and precipitation indices 
over a large area of West African Sahel and showed a negative trend in the number 
of cool nights, and more frequent warm days and warm spells from 1960 to 2010. 
However, trends in extreme rainfall indices were not as uniform as the ones in 
extreme temperatures. In Mali, Touré et al. (2017) assessed the trends in daily 
temperature and precipitation extremes in two town namely Bamako and Ségou 
during the period between 1961 and 2014. Their results indicated decreasing 
trends for cold nights and cold days while warm nights, warm days and warm 
spells showed insignificant positive trends over the period from 1961 to 2014 in 
Bamako whereas a positive significant decreasing trends in cool days, cool nights 
and significant positive trends in warm spells in Ségou. It is important to analyze 
trends in extreme hydro-climatic phenomena, as this will indicate the nature of 
adaptation strategies to be implemented to reduce the vulnerability of populations 
and improve their livelihoods in an economy dominated by rainfed agriculture. 
However, a little research has been performed to understand the trends of climate 
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extreme using a combination of climate indices, Man-Kendhal and Sen’s slope 
tests. So, the objective of this study is to carry out a comparative analysis of the 
observed evolution of hydroclimatic extremes between the cities of Niamtougou 
(Togo) and Zinder (Niger) from 1980 to 2020. 

2. Materials and Method 
2.1. Study Area 

The study was carried out for the towns of Niamtougou (Togo) and Zinder (Ni-
ger) in West Africa (Figure 1). The town of Niamtougou has an area of approxi-
mately 21 km2 and is located in northern Togo. The climate of Niamtougou is 
tropical and dry with a rainy season (April-October), a dry season (November-
March). The average annual rainfall of 1336 mm (1980-2020) whereas the annual 
average maximum and minimum temperatures are respectively 33.0˚C and 
20.94˚C (1980-2020).  

The city of Zinder has an area of about 528.3 km2 and is located in the southern 
Niger (Table 1). The climate is sahelo-soudanean, with an average annual rainfall 
of about 420.13 mm (1980-2020). The minimum averages temperatures are rec-
orded in December-January and the maximum in April-May. The monthly max-
imal temperatures can reach 40˚C and minimal 15˚C (Niger Republic, 2015). 

 

 
Figure 1. Location of the study area. 

 
Table 1. Location of weather stations. 

Synoptic  
station 

Longitude (decimal 
degree) 

Latitude (decimal  
degree) 

Altitude 
(m) 

Country 

Zinder 8.98 13.78 458 Niger 

Niamtougou 1.25 9.8 462 Togo 
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2.2. Data and Indices 

The daily minimum and maximum temperatures as well as rainfall of the two syn-
optic stations were collected from the Togolese national agency of meteorology 
and the directorate of national meteorology of Niger. Firstly, a data quality check 
was carried out and erroneous data were detected and considered as missing data 
with a code (−99.9).  

All the selected climate indices were calculated annually using the RClimdex 
1.0 software (Zhang & Yang, 2004). The indices are calculated for each month if 
less than 3 days are missing whereas the annual values of the indices are calculated 
if less than 15 days are missing in a year. In order to improve studies of climate 
extremes using statistically robust indices covering a wide range of climates, 
ETCCDI has defined a set of 27 indices that describe the particular characteristics 
of the extremes, including amplitude, frequency and persistence (Zhang et al., 
2011). In this study, six (06) extreme temperature indices and six (06) extreme 
rainfall indices were selected due to their relevance in the study area (Table 2). 

 
Table 2. List of selected climatic extreme indices. (Zhang et al., 2011) 

N˚ Indices Description Unit 

Rainfall extreme 

1 CDD 
Maximum number of consecutive days when precipitation 

< 1 mm 
days 

2 CWD 
Maximum number of consecutive days when precipitation 

≥ 1 mm 
days 

3 R20mm Annual count when precipitation ≥ 20 mm days 

4 R95P Annual total precipitation from days > 95th percentile mm 

5 Rx1day Monthly maximum 1-day precipitation mm 

6 Rx5day Monthly maximum consecutive 5-day precipitation mm 

Temperature extreme 

 TX10p 
Percentage of time when daily max temperature < 10th 

percentile 
% 

 TX90p 
Percentage of time when daily max temperature > 90th 

percentile 
% 

 TN10p 
Percentage of time when daily min temperature < 10th 

percentile 
% 

 TN90p 
Percentage of time when daily min temperature > 

90thpercentile 
% 

 TXx Monthly maximum value of daily maximum temperature ˚C 

 TNx Monthly maximum value of daily min temperature ˚C 

2.3. Man-Khendal Test  

The non-parametric Mann Kendall test (Mann, 1945) is a statistical test which 
detects the presence of a linear trend in a time series with a given level of signifi-
cance. It has both the advantage of being robust to the presence of outliers in the 
time series and is less sensitive to inhomogeneous data. The test statistic, S, is 
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estimated using the formulae given by Equations 1 and 2: 
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xj and xk are data values at times j and k respectively, while n is the number of data 
points. For n < 10, the value of |S| is compared to the theoretical distribution of S 
derived by Mann and Kendall. In the cases where n > 10, the standard normal 
variable Z is calculated by: 
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q is the number of tied groups while tp is the number of data values in the pth 
group. Positive values of Z show an upward trend whereas negative values of Z 
indicate downward trend. At 0.05 significance level, if |Z| is greater than 1.96 the 
null hypothesis is rejected, indicating that the trend is statistically significant. In 
order to estimate the significance of the trends, the P-value, was used to analyse 
the null hypothesis that the trend is equal to 0. The trend for each index was con-
sidered statistically significant when the P-value is less than or equal to found at 
0.05. 

2.4. Sen’s Slope  

The Sen’s nonparametric approach (Sen, 1968) was used to estimate the slope of 
an existing trend. It is considered more robust than the least-squares method be-
cause of its relative insensitivity to extreme values and better performance even 
for normally distributed data (Kumar et al., 2017). The Sen’s method computes 
the slope as a change in measurement per change in time (Equation 5). To get the 
slope estimate Q in equation calculate the slopes of all data value 

( )1, ,j k
i

x x
Q for i N

j k
= =

−

−
                     (5) 

Where, 𝑄𝑄𝑖𝑖 is the slope between data points 𝑥𝑥𝑥𝑥 and 𝑥𝑥𝑘𝑘; 𝑥𝑥𝑗𝑗 is the data measurement 
at time j and 𝑥𝑥𝑥𝑥 is the data measurement at time k. 
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For a time series with n observations, there are a possible N = n (n − 1)/2 values 
of 𝑄𝑄𝑖𝑖 that can be computed. According to Sen’s method, the overall estimator of 
Sen’s slope is simply given by the median of these N values of 𝑄𝑄𝑄𝑄 (Jiqin et al., 2023) 
as shown in Equation 6: 

1
2

2
2 2

     

1      
2

N

med

N N

Q if N is odd

Q
Q Q if N is even

+

+


=   
 +    

                 (6) 

3. Results and Discussion 
3.1. Trends in Rainfall Extreme 

The observed trends of daily rainfall indices in Zinder (Niger) and Niamtougou 
(Togo) are shown in Table 3. Over the years 1980-2020, all the rainfall extreme 
indices namely CDD, CWD, R20mm, R95p, Rx1day and Rx5day exhibited a pos-
itive trend in both cities. However, only the trends of annual count of daily pre-
cipitation ≥ 20 mm, precipitation from days > 95th percentile and monthly max-
imum consecutive 5-day precipitation are statistically significant at the Zinder sta-
tion while only the monthly maximum consecutive 5-day precipitation is statisti-
cally significant (p-value is less than 0.05) at Niamtougou synoptic station (Table 
3 and Figure 2). These results are coherent with the results of Barry et al. 2018 
who indicated significant upward trends in 5-Day maximum rainfall (RX5day; 7.1 
mm/decade), in R95P (28 mm/decade) and in R20mm (0.2 days/decade) during 
1960-2010 in West Africa. In addition, Ly et al. (2013) have shown an increase in 
the cumulated rainfall of extremely wet days in many parts of the West African 
Sahel. Furthermore, a trend towards wetter conditions was observed from 1961 to 
2018 with positive trends of the number of days of precipitation exceeding 10 mm, 
the maximum of 5 days of precipitation and consecutive wet days in Kara and 
Atakpamé (Komi et al., 2022). These wetter conditions have caused severe floods 
in West Africa as it was the cases in Togo (Blakime et al., 2024) and Niger (Elagib 
et al., 2021). 
 
Table 3. Trends of extreme rainfall indices from 1980 to 2020. In bold, the statistically 
significant trends. (p-value is less or equal to 0.05) 

Indices 
Zinder (1980-2020) Niamtougou (1980-2020) 

Trends P-value Trends P-value 

CDD 0.212 0.599 0.321 0.383 

CWD 0.019 0.154 0.047 0.146 

R20mm 0.117 0.002 0.039 0.521 

R95P 2.392 0.031 1.997 0.24 

Rx1day 0.296 0.146 0.281 0.193 

Rx5day 0.81 0.017 0.753 0.007 
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Figure 2. Trends of Rx5day and R95p from 1980-2020. The solid line represents the estimated liner trend while the dot-
dashed line represents the polynomial trend line. 

3.2. Trends in Temperature Extreme  

Table 4 and Figure 3 show increasing trends of daily maximum temperature > 
90th percentile (TX90p), daily minimum temperature > 90thpercentile (TN90p) 
and daily maximum temperature (TXx) while the trends of TX10p and TN10p 
indices are negative for both Zinder and Niamtougou cities. Only the trend of 
TNx is slightly negative at Zinder but positive at Niamtougou (Table 4). The study 
of Barry et al. 2018 revealed spatially coherent changes of warming in TXx, TXn, 
and TNn extreme temperature indices in all the selected stations in West Africa 
from 1961-2010 whereas TX10p and TN10p exhibited significant warning trends 
only for 62 % and 61 % of the selected meteorological stations respectively. In 
addition, the study of Halissou et al. (2021) indicated increasing trends in the in-
dices of extreme temperature intensity (TNn, and TXx) as well as in the frequency 
of warm sequences (TN90p and TX90p) from 1976 to 2010 in the Benin part of 
the Niger river basin. 

 
Table 4. Trends in extreme temperature indices from 1980 to 2020. (in bold, the significant 
trends) 

Indices 
Zinder (1980-2020) Niamtougou (1980-2020) 

Trends P-value Trends P-value 
TX10p −0.173 0 −0.191 0 
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Continued  

TX90p 0.233 0 0.194 0.013 
TN10p −0.083 0.028 −0.045 0.585 
TN90p 0.061 0.3 0.116 0.161 

TXx 0.038 0 0.014 0.173 
TNx −0.002 0.886 0.014 0.266 

 

 
Figure 3. Trends of TX90p and TXx from 1980-2020. The solid line represents the estimated liner trend while the dot-
dashed line represents the polynomial trend line. 

4. Conclusion 

This study analyzed the evolution of extreme precipitation and temperature indi-
ces in Niamtougou (Togo) and Zinder (Niger) from 1980 to 2020 based on daily 
rainfall and temperature time series data. The results showed an increase in all 
extreme rainfall indices in both Niamtougou and Zinder. As for the indices relat-
ing to extreme temperatures, only the frequency of cool days and the frequency of 
cool nights show a negative trend in these two cities. These observed changes in 
climate extreme indices could worsen in the context of ongoing climate change 
with negative socio-economic impacts in these two cities. Consequently, adapta-
tion strategies to climate change, particularly heatwaves and floods, must be inte-
grated into the municipal development plans of these localities. For instance, West 
African countries can improve their national meteorological and hydrological ser-
vices as well as their early warning systems for extreme climate events. 
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