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Abstract 

Temperature is a key variable in understanding climate change. In tropical West Africa, however, temperature has been neglected 

because it is always hot because of the sun. Studying extreme temperatures can be a way to better understand climate change in 

the Sudano-Sahelian region of West Africa. The main objective of this study is to analyze changes in extreme temperatures. To 

this end, temperature data were obtained from Power NASA over the period 1981-2022 at monthly time steps. The methods used 

to analyze the data were normality and homogeneity statistics, linear regression, Mann-Kendall tests, and Spearman’s r test. Tests 

of Sen’s slope estimator, moving averages, and z-score. The study shows that maximum temperatures are normally distributed, 

unlike minimum temperatures, and that maximum temperature data are homogeneous, with breaks in the periods 1998, 2000, 

2006, and 2010 before, during, and after the rainy seasons. On the other hand, minimum temperature data are generally not 

homogeneous and do not show many breaks. The study also shows that extreme temperatures tend to increase before, during, 

and after the rainy season, according to Spearman’s r test. However, the Mann-Kendall test shows that extreme temperatures 

generally do not show trends. Furthermore, temperatures are continuously variable, with an increase in temperature anomalies in 

the 1980s, 2000s, and 2020s. 
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1. Introduction 

Global warming as a result of greenhouse gas emissions is now undeniable, and there has been a 

significant increase in the atmospheric concentration of CO2 over the last century (Alemu, Dioha 2020). 

The increase in average and extreme temperatures in Africa can be attributed to climate change caused by 

human activity (Trisos et al. 2022). Several studies have found that temperatures are changing in Africa. 

Muthoni et al. (2019) studied the extent and significance of spatio-temporal trends in rainfall, maximum 

(Tmax) and minimum (Tmin) temperatures for West Africa. In northern Ghana, De Pinto et al. (2012) found 

that temperatures were higher than in any other part of Ghana and that they could increase between 1.0°C 

and 3.0°C by 2060 and between 1.5°C and 5.2°C by 2090. In Mali, Kouressy et al. (2019) report that 

between 1951 and 2010, maximum temperatures increased significantly by 0.44°C to 1.53°C and minimum 

temperatures by 1.05°C to 1.93°C, depending on the location. In Benin, Senegal, and Niger, mean annual 

minimum temperature increased significantly between 1965 and 2013: in less than 50 years, minimum 

temperature increased by 1.2°C in Djougou (Benin), 1.8°C in Bambey (Senegal) and 1.4°C in Niamey 

(Niger) (Kosmowski et al. 2015).  

Few statistical studies have been carried out in Burkina Faso on the trend and variability of extreme 

temperature (Bambara et al. 2018; Rouamba et al. 2023), and even fewer on the seasonal analysis of 
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extreme temperature in the Sudano-Sahelian part of Burkina Faso. It is very important to gain a better 

understanding of the seasonal occurrence of extreme temperatures because they cause illness and even 

death in young children and the elderly (Arisco et al. 2023). In this article, seasonality is based on rainfall, 

as temperatures change before, during, and after the rainy season. Three periods can be distinguished: the 

pre-wet period (January to May), the wet period (June to October) and the post-wet period (November to 

December). In this study, we analyze the seasonal trends in extreme temperatures over the past few 

decades. 

2. Materials and methods 

2.1. Data and methods 

Burkina Faso is located in West Africa, where Sahelian, Sudano-Sahelian, and Sudanian climatic domains 

dominate (Fig. 1).  

 

Fig. 1. Climatic zones and study stations in Burkina Faso. 

The raw data used to assess extreme temperatures came from NASA’s POWER (National Aeronautics 

and Space Administration Prediction of Worldwide Energy Resource) online public database 

(https://power.larc.nasa.gov/data-access-viewer). Power data are based on satellite observations from 

which surface insolation values are derived. The meteorological parameters are based on the MERRA-2 

assimilation model. The database has the advantage of being generally continuous over time and is based 

on a global grid with a resolution of 0.5° latitude by 0.5° longitude (Marzouk 2021). Numerous studies 

have assessed the accuracy of the data and found that the source of the data (NASA POWER) is 

sufficiently accurate to allow valid interpretation (Jiménez-Jiménez et al. 2021; Marzouk 2021; Ahmed et 

al. 2022; Kwawuvi et al. 2022; Oloyede et al. 2023; Darman et al. 2024; Kheyruri et al. 2024). 

Data for Burkina Faso from NASA’s power data access viewer was collected at monthly intervals over the 

period 1981 to 2022. The characteristics of the localities selected are shown in Table 1 below (Table 1). 

https://power.larc.nasa.gov/data-access-viewer


Table 1. Characteristics of the selected stations, all within the Sudan-Sahelian. 

Station names 
Type of climate 

domain 
Regions concerned 

Period 

selected 
Latitude Longitude Altitudes 

Ouagadougou Sudan-Sahelian Centre 1981-2022 12.3489 –1.5197 303.27 m 

Kaya Sudan-Sahelian North-East 1981-2022 13.0856 –1.0583 313.72 m 

Ouhigouya Sudan-Sahelian North 1981-2022 13.5614 –2.4014 319.61 m 

Fada Gourma Sudan-Sahelian 
East 

1981-2022 12.22 0.6308 269.06 m 

Diapaga Sudan-Sahelian 1981-2022 12.0804 1.8476 260.2 m 

Dedougou Sudan-Sahelian 

Boucle du Mouhoun 

1981-2022 12.4454 –3.3764 283.4 m 

Boromo Sudan-Sahelian 1981-2022 11.7446 –2.9351 288.65m 

Kouka Sudan-Sahelian 1981-2022 11.8641 –4.3213 346 m 

Source: https://power.larc.nasa.gov/data-access-viewer/. 

2.1.1. Statistical normality and homogeneity 

The normality test is important for determining appropriate methods for the assessment of significant 

trends in time series of precipitation data, using parametric or non-parametric methods of trend analysis 

(Talib et al. 2024). Normality tests, including Shapiro-Wilk W, Anderson-Darling, Lilliefors, and Jarque-

Bera tests, were applied to the annual time series to evaluate the normal distribution of time series data. 

For all four tests, the null hypothesis is as follows: 

H0: the temperature time series has a normal distribution; if the p-value is less than 5%, the normal 

distribution can be rejected, and the alternative hypothesis (H1) can be accepted. Among the tests 

proposed, the Shapiro-Wilk and Anderson-Darling tests are considered the most accurate, while the 

Lilliefors and Jarque-Bera tests are given for reference (Hammer 2024). Only the first two tests have been 

considered in this study. Thus, the mathematical formula for the calculation of Shapiro-Wilk (W) is 

(Asamoah, Ansah-Mensah 2020): 
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where xi is the value of the ordered sample, ai is a constant generated from the means, variances and 

covariances of the ordered statistics, n is the number of observations, and x  is the sample mean. 

The Anderson-Darling (AD) test uses the cumulative distribution function to determine normality, and its 

formula is as follows (Asamoah, Ansah-Mensah 2020): 
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where n is the sample size, F(x) is the cumulative distribution function for the specified distribution, and i 

the i th sample for an ascending order. 
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The Buishand test was used to determine the homogeneity of the temperature data. The Buishand test, 

like the Petitt test, is more sensitive to breaks in the middle of the time series. (Wijngaard et al. 2003). In 

the Buishand test, the assumption is that the data are normally distributed and that the data are 

independently and randomly distributed (Bickici Arikan, Kahya 2019). The adjusted partial sums are 

defined as (Lin et al. 2015): 
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There will be no systematic deviation of iX  values from their mean, and 𝑆𝐾∗ values will fluctuate around 

zero if the series is homogeneous. The ‘rescaled adjusted interval’ R can be used to test the significance of 

the change in the mean. The value of R is given by: 
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The Von Neumann test (VNT) examines the randomness and change point detection of the time series. 

The VNT test statistic can be computed as (Lebeza et al. 2023): 
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where N is the test static value of VNT, X is observed time-series data and X refers to the mean of 

observed time-series data. Homogenous time series data can be found if the expected value of N is 2. The 

value of N is less than 2 can show a break pattern. 

2.1.2. Method of trend analysis 

Trends in hydro-climatological variables are generally evaluated using a variety of statistical tests, such as 

linear regression, Mann-Kendall (MK) and modified MK tests, with non-trending pre-whitening and Sen 

Slope (SS) estimators (Xu et al. 2007; Longobardi, Villani 2010; Nisansala et al. 2020; Ay 2021); other 

authors add the Spearman’s r test (Yue et al. 2002; Yacoub, Tayfur 2019). The Mann-Kendall test, 

Spearman’s r test and Sen’s slope estimator were used to assess the trend and magnitude of seasonal 

temperature extremes in Burkina Faso. 

• Linear Regression Analysis. 

Linear Regression is a parametric method used to estimate linear trends in time series (Rahmani et al. 

2015; Esit, Yuce 2022): 

0 1 +                                                                                    (6)Y X  = +  (6) 



where Y is the temperature time series, X is the year or time, β0 = Intercept, β1 = Slope, and ε is the 

residual error. 

• Mann-Kendall Trend Test. 

Mann-Kendall (MK) is a non-parametric test (Mann 1945). It is specifically used to detect trends in 

environmental, climatic, and hydrological time series (Aditya et al. 2021; Lornezhad et al. 2023). 

According to Ahmad et al. (2015), the null hypothesis (H0) of this test is that there is no monotonic 

trend in the time series. The alternative hypothesis (Ha) is that there is a trend. The MK test is based 

on the calculation of the variance (S) and is obtained by the following equation (Mirabbasi et al. 2020): 
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where n is the length of the sample, xk and xj come from k = 1, 2, ..., n – 1 and j = k + 1, ..., n. If n is 

greater than 8, the S statistic approximates the normal distribution. The mean of S is 0 and the variance 

of S can be obtained as follows: 
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The Z statistic is calculated using the formula: 
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The null hypothesis H0 (no trend) is rejected if the significance level or p-value is <5%. Table 2 below 

shows the level of significance. 

Table 2. Interpretation of the meaning of the trend in the MK. 

Mann-Kendall test (p-value) Significance of the trend 

<0.01 Very significant 

0.01≤ p <0.05 Significant  

≥0.05 Not significant 

Source: Author 



• Spearman’s r Test (SR). 

Spearman’s r (SR) is a powerful method for detecting linear and non-linear trends and is frequently 

used to test for the absence of trends (Rahman et al. 2017). In this test, the null hypothesis (H0) of the 

test is that all the data in the time series are independent and identically distributed, while the 

alternative hypothesis (H1) is that there are upward or downward trends. Positive values of the SRZ 

standardized test statistic indicate upward trends, while negative values indicate downward trends in 

the time series (Zakwan 2021). The test statistics rsp and standardized statistics 𝑍sp are defined as 

(Ahmed et al. 2022): 
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where 𝐷𝑖 is the rank of 𝑖th observation, 𝐼 is the chronological order number, 𝑛 is the total length of the 

time series data, and 𝑍sp is Student’s 𝑡-distribution with (𝑛 − 2) degree of freedom. The positive 

values of 𝑍sp represent an increasing trend across the hydrologic time series, and negative values 

represent the decreasing trends. 

• Sen’s slope estimator test. 

The non-parametric Sen test (Sen 1968) is commonly used for the estimation of the magnitude of 

trends in time series data. The Sen test for the slope assumes a linear trend and is a quantification of 

the change over time (Muia et al. 2024). The slope of Sen is calculated according to the following 

equation (Frimpong et al. 2022): 
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where, xj and ik = the data values at times j and k (j > k). 

If there is only one datum in each period, then: 
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where n = total number of observations. 

The N values of Qi have been ranked from the lowest to the highest, and the median slope or Sen’s 

slope estimator has been calculated as follows: 
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A positive value of 𝑄𝑖 represents an upward trend; a negative value of 𝑄𝑖 represents a downward trend, 

over time (Ahmad et al. 2015). 

2.1.3. Method analysis variability 

• The moving average method 

The moving average is the most widely used method for the measurement of seasonal fluctuations 

(Bacescu-Carbunaru, Condruz-Bacescu 2013). In this study, moving averages (MA) have been used for 

the assessment of the overall trend in the variation of extreme temperatures (Zeitoun 2024): 
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where n is the number of data points, d is the moving average, and M is the data calculated as the simple 

moving average with the period is 3, MA: moving average. 

• The Fligner Killeen test 

This non-parametric test (Conover et al. 1981) indicated significant differences in variability by testing 

the equality of the coefficients of variation of two samples. The coefficient of variation (or relative 

variation) is defined as the ratio of standard deviation to the mean in percent, and is computed as 

(Hammer 2024): 
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The null hypothesis of the statistical test is H0: the samples were taken from populations with the same 

coefficient of variation. However, when the p-value is less than 5%, the null hypothesis is rejected, and 

the alternative hypothesis is supported. 

• Temperature Anomaly Detection Method 

Anomaly detection is a popular research area in time series data mining, where data points that don’t 

conform to other data are referred to as anomalies (Wickramasinghe et al. 2023). Z-score is used to 

detect temperature anomalies, so the hypothesis is that the temperature data either contain anomalies 

or they do not (Zeitoun 2024). The formulas for a z-score transformation are (Jackson 2009): 
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where z is the symbol for the standard score, µ is the mean, σ is the standard deviation. The significant 

level is 0.95, with alpha (α) equal to 0.05, and the critical value of the Z-score is +1.96 and –1.96 

(Zeitoun 2024). According to Pandey et al. (2023), the value of the z-score indicates the number of 

standard deviations the variables are from the mean. If a z-score is equal to 0, then the mean is on the 

mean. A positive z-score indicates that the raw score is comparatively higher than the mean and a 

negative z and a negative z-score indicates that the raw score is lower than the mean. 

3. Results 

3.1. Statistical normality and homogeneity in the study area  

Table 3 below shows that the maximum temperature data for Ouahigouya, Diapaga, Dédougou, 

Ouagadougou, Kaya, and Kouka sites are normally distributed. On the other hand, the Shapiro-Wilk and 

Anderson-Darling statistics imply a lack of normality in the minimum temperature data. 

The temperature data (maximum, minimum) were also subjected to homogeneity tests. The Buishand test 

shows that there is a change in both the maximum and minimum temperature data. The Von Neumann 

test was also applied to the temperature data. Table 4 shows the results of the two homogeneity tests. 

Table 4 shows that temperature data change with the seasons. The change in maximum temperature data 

occurred in 2000 in Diapaga during the rainy season. In Kaya, the changes occurred before, during and 

after the rainy season in 1998, 2006, and 2010 respectively. In Ouahigouya, the change occurred during 

the pre-rainy season, as it did at Fada Gourma and Boromo. In Ouagadougou and Dédougou, however, 

the changes affected both the pre-rainy season and the rainy and post-rainy seasons. Overall, there has 

been an increase in maximum temperatures following the changes that occurred between 1998 and 2010. 

However, there has been very little change in the minimum temperature data. In Diapaga and Fada 

Gourma, the minimum temperature data were disrupted, especially during the wet and humid pre-season 

in 2004 and 1992 in Diapaga.  

In Fada Gourma the change occurred in 1998. The minimum temperature increased significantly in the 

following years. 

3.2. Statistical trends in extreme temperatures in the Sudano-Sahelian zone of Burkina 

Faso 

3.2.1. Analysis of maximum temperature trends using linear regression methods  

The results of the normality test revealed that the maximum temperature data are normally distributed, 

allowing for trend analysis using parametric tests, particularly linear regression. The table below shows the 

seasonal trends over the period 1981-2020 (Table 5).  



Table 3. The normality of extreme temperature data. 

Stations Maximum temperature Minimum temperature 
O

ua
h

ig
o

uy
a Period Shapiro-Wilk Anderson-Darling Period Shapiro-Wilk Anderson-Darling 

V1 0.007 0.001 V1 0.571 0.38 

V2 0.627 0.282 V2 0.865 0.53 

V3 0.812 0.850 V3 0.94 0.89 

D
ia

p
ag

a 

Period Shapiro-Wilk Anderson-Darling Period Shapiro-Wilk Anderson-Darling 

V1 0.040 0.067 V1 0.381 0.368 

V2 0.258 0.215 V2 0.482 0.502 

V3 0.236 0.400 V3 0.509 0.661 

D
éd

o
ug

o
u
 Period Shapiro-Wilk Anderson-Darling Period Shapiro-Wilk Anderson-Darling 

V1 0.037 0.026 V1 0.902 0.912 

V2 0.836 0.923 V2 0.762 0.890 

V3 0.237 0.490 V3 0.644 0.558 

O
ua

ga
d

o
ug

o
u
 Period Shapiro-Wilk Anderson-Darling Period Shapiro-Wilk Anderson-Darling 

V1 0.061 0.035 V1 0.949 0.923 

V2 0.126 0.150 V2 0.739 0.829 

V1 0.608 0.802 V3 0.809 0.881 

K
ay

a 

Period Shapiro-Wilk Anderson-Darling Period Shapiro-Wilk Anderson-Darling 

V1 0.068 0.021 V1 0.889 0.866 

V2 0.093 0.049 V2 0.399 0.417 

V1 0.631 0.664 V3 0.944 0.919 

K
o

uk
a 

Period Shapiro-Wilk Anderson-Darling Period Shapiro-Wilk Anderson-Darling 

V1 0.009 0.025 V1 0.884 0.584 

V2 0.736 0.795 V2 0.895 0.685 

V3 0.155 0.220 V3 0.750 0.524 

F
ad

a 
G

o
ur

m
a Period Shapiro-Wilk Anderson-Darling Period Shapiro-Wilk Anderson-Darling 

V1 0.142 0.125 V1 0.177 0.313 

V2 0.286 0.204 V2 0.854 0.952 

V3 0.163 0.201 V3 0.847 0.808 

B
o

ro
m

o
 

Period Shapiro-Wilk Anderson-Darling Period Shapiro-Wilk Anderson-Darling 

V1 0.003 0.006 V1 0.500 0.384 

V2 0.279 0.392 V2 0.332 0.143 

V3 0.073 0.258 V3 0.135 0.147 

Source: Power NASA, 1981-2022, v1 = rainy pre-season; v2 = rainy season; v3 = post-rainy season. 

  



Table 4. Homogeneity of extreme temperature data. 

Stations Maximum temperature Minimum temperature 
D

ia
p

ag
a 

Period Buishand 
Von 

Neumann 
Period 
change 

Before After Buishand 
Von 

Neumann 
Period 
change 

Before After 

V1 0.001 0.001 2000 40.17 41.2 0.014 0.316 2004 18.38 19.09 

V2 0.263 0.375 - - - 0.005 0.248 1992 20.75 21.3 

V3 0.182 0.227 - - - 0.500 0.676 - - - 

K
ay

a 

Period Buishand 
Von 

Neumann 
Period 
change 

Before After Buishand 
Von 

Neumann 
Period 
change 

before after 

V1 0.014 0.424 1998 40.21 40.8 0.360 0.242 - - - 

V2 0.021 0.616 2006 37.6 36.6 0.334 0.680 - - - 

V3 0.015 0.418 2010 36.44 35.21 0.061 0.719 - - - 

O
ua

h
ig

o
uy

a Period Buishand 
Von 

Neumann 
Period 
change 

Before After Buishand 
Von 

Neumann 
Period 
change 

before after 

V1 0.001 0.584 1998 40.36 41.1 0.271 0.478 - - - 

V2 0.071 0.876 - - - 0.356 0.522 - - - 

V3 0.270 0.839 - - - 0.139 0.408 - - - 

O
ua

ga
d

o
ug

o
u
 Period Buishand 

Von 
Neumann 

Period 
change 

Before After Buishand 
Von 

Neumann 
Period 
change 

before after 

V1 0.018 0.212 1998 40 40.6 0.485 0.302 - - - 

V2 0.189 0.281 - - - 0.057 0.423 - - - 

V3 0.033 0.304 2010 36.6 35.4 0.063 0.544 - - - 

K
o

uk
a 

Period Buishand 
Von 

Neumann 
Period 
change 

Before After Buishand 
Von 

Neumann 
Period 
change 

before after 

V1 0.300 0.109 - - - 0.294 0.115 - - - 

V2 0.124 0.106 - - - 0.125 0.109 - - - 

V3 0.427 0.159 - - - 0.427 0.166 - - - 

F
ad

a 
G

o
ur

n
m

a Period Buishand 
Von 

Neumann 
Period 
change 

Before After Buishand 
Von 

Neumann 
Period 
change 

before after 

V1 0.004 0.0723 1998 40.04 40.8 0.294 0.040 - - - 

V2 0.28 0.2881 - - - 0.012 0.107 1998 20.70 21.08 

V3 0.064 0.0534 - - - 0.250 0.394 - - - 

B
o

ro
m

o
 

Period Buishand 
Von 

Neumann 
Period 
change 

Before After Buishand 
Von 

Neumann 
Period 
change 

before after 

V1 0.003 0.072 1998 40.74 41.5 0.291 0.039 - - - 

V2 0.278 0.278 - - - 0.012 0.102 2001 20.70 21.08 

V3 0.060 0.057 - - - 0.248 0.398 - - - 

D
éd

o
ug

o
u
 Period Buishand 

Von 
Neumann 

Period 
change 

Before After Buishand 
Von 

Neumann 
Period 
change 

before after 

V1 0.001 0.499 1998 40.7 41.5 0.665 0.147 - - - 

V2 0.010 0,292 2002 36.2 35.2 0.117 0.122 - - - 

V3 0.056 0,222 - - - 0.256 0.129 - - - 

Source: Power NASA, 1981-2022, v1 = rainy pre-season; v2 = rainy season; v3 = post-season rainy. 

  



Table 5. Trends in maximum temperatures over the period 1981-2022. 

Stations Seasonal Source Value Standard error t p-value Trend 
O

ua
h

ig
o

uy
a 

V1 
Constant value –3.206 15.719 –0.204 0.839  

Year 0.022 0.008 2.799 0.008** Increasing 

V2 
Constant value 73.201 24.794 2.952 0.005  

Year –0.018 0.012 –1.457 0.153 - 

V3 
Constant value 55.823 27.356 2.041 0.048  

Year –0.010 0.014 –0.706 0.484 - 

D
ia

p
ag

a 

V1 
Constant value –19.877 17.091 –1.163 0.252  

Year 0.030 0.009 3.543 0.001** Increasing 

V2 
Constant value 1.648 23.331 0.071 0.944  

Year 0.017 0.012 1.446 0.156 - 

V3 
Constant value –4.381 28.378 –0.154 0.878  

Year 0.021 0.014 1.459 0.152 - 

D
éd

o
ug

o
u
 

V1 
Constant value –4.358 16.020 –0.272 0.787  

Year 0.023 0.008 2.842 0.007** Increasing 

V2 
Constant value 77.700 24.481 3.174 0.003  

Year –0.021 0.012 –1.711 0.095* Increasing 

V3 
Constant value 85.342 35.031 2.436 0.019  

Year –0.024 0.018 –1.383 0.174 - 

O
ua

ga
d

o
ug

o
u
 V1 

Constant value 9.861 17.620 0.560 0.579  

Year 0.015 0.009 1.732 0.091* Increasing 

V2 
Constant value 52.184 21.930 2.380 0.022  

Year –0.008 0.011 –0.713 0.480 - 

V3 
Constant value 78.357 31.276 2.505 0.016  

Year –0.021 0.016 –1.347 0.185 - 

K
ay

a 

V1 
Constant value 11.060 16.779 0.659 0.514  

Year 0.015 0.008 1.759 0.086* Increasing 

V2 
Constant value 83.043 20.502 4.050 0.000  

Year –0.023 0.010 –2.242 0.031** Increasing 

V3 
Constant value 95.886 29.626 3.237 0.002  

Year –0.030 0.015 –2.019 0.049** Decreasing 

K
o

uk
a 

V1 
Constant value –4.051 16.789 –0.241 0.811 - 

Year 0.022 0.008 2.653 0.011** Increasing 

V2 
Constant value 46.538 23.921 1.946 0.059  

Year –0.006 0.012 –0.495 0.623 - 

V3 
Constant value 79.900 37.371 2.138 0.039  

Year –0.022 0.019 –1.179 0.245 - 

F
ad

a 
G

o
ur

m
a 

V1 
Constant value –14.090 15.291 –0.921 0.362  

Year 0.027 0.008 3.578 0.001** Increasing 

V2 
Constant value 25.302 22.803 1.110 0.274  

Year 0.005 0.011 0.441 0.662 - 

V3 
Constant value 28.307 30.599 0.925 0.360  

Year 0.004 0.015 0.283 0.779 - 

B
o

ro
m

o
 

V1 
Constant value –6.227 17.707 –0.352 0.727  

Year 0.023 0.009 2.638 0.012** Increasing 

V2 
Constant value 46.023 26.669 1.726 0.092  

Year –0.006 0.013 –0.426 0.673 - 

V3 
Constant value 77.123 39.641 1.946 0.059  

Year –0.020 0.020 –1.028 0.310 - 

Source: Power NASA, 1981-2022, ***Significance at 1% level, **Significance at 5% level, Significance at 10% level; -: 

no trend 



3.2.2. Minimum temperature trends using Mann-Kendall and Spearman’s r tests and Sen’s slope 

estimator 

The minimum temperature trend time series data were examined using the Mann-Kendall (MK), 

Spearman’s r and Sen (SS) slope tests, as the results of the normality test indicated that these data are not 

normally distributed, requiring non-parametric tests for trend analysis. 

• Mann-Kendall trend test and Sen’s estimator of the slope 

Table 6 below shows that, on the whole, the extreme temperatures at the different sites studied do not 

show any trend in the temperature series. However, in Diapaga, Kouka, Fada Gourma, and Dédougou, 

positive trends were observed in the period before the rainy season. On the other hand, negative 

trends before and during the rainy season were observed in Ouahigouya and Kaya. 

Table 6. Trends and amplitudes of minimum temperatures between 1981 and 2022. 

 Minimum temperature 

Diapaga 

Period Kendall’s Tau p-value Sen’s slope 

v1 0.323 0.003 0.032 

v2 0.231 0.032 0.014 

v3 0.089 0.41 0.013 

Kaya 

Period Kendall’s Tau p-value Sen’s slope 

v1 0.151 0.162 0.011 

v2 0.152 0.159 0.009 

v3 –0.148 0.172 -0.021 

Ouahigouya 

Period Kendall’s Tau p-value Sen’s slope 

v1 0.148 0.172 0.016 

v2 0.092 0.398 0.006 

v3 0.089 0.41 0.016 

Ouagadougou 

Period Kendall’s Tau p-value Sen’s slope 

v1 0.096 0.374 0.007 

v2 0.192 0.076 0.012 

v3 –0.124 0.251 -0.018 

Kouka 

Period Kendall’s Tau p-value Sen’s slope 

v1 0.064 0.558 0.005 

v2 0.154 0.153 0.009 

v3 0.036 0.745 0.007 

Fada Gourma 

Period Kendall’s Tau p-value Sen’s slope 

V1 0.250 0.020 0.025 

v2 0.287 0.008 0.016 

v3 0.033 0.770 0.005 

Boromo 

Period Kendall’s Tau p-value Sen’s slope 

v1 0.034 0.762 0.002 

v2 0.272 0.012 0.014 

v3 –0.045 0.680 -0.005 

Dédougou 

Period Kendall’s Tau p-value Sen’s slope 

v1 0.066 0.544 0.007 

v2 0.128 0.237 0.008 

v3 0.002 0.991 0.000 

Source: Power NASA, 1981-2022, v1 = rainy pre-season; v2 = rainy season; v3 = post-season rainy. 



• Spearman’s r test 

This test was also applied to the temperature data. It was found that the pre-wet season (January to 

May) shows positive trends, with positive correlation coefficients for maximum and minimum 

temperatures in Diapaga, Kaya, Ouahigouya, Ouagadougou, Kouka, Fada Gourma, Boromo and 

Dédougou. During the rainy season, the trend in extreme temperatures is also upward in all the 

locations studied, with a very high degree of significance. However, the minimum temperatures in 

Boromo and Dédougou show no trend between 1981 and 2022. On the other hand, in the period after 

the rainy season, temperature trends are significant over the period 1981-2022. Table 7 below gives 

details by season and month of the extreme temperature trends over the period 1981-2022. 

Table 7. The upward trend in extreme temperatures in Burkina Faso between 1981 and 2022. 

 

Diapaga Kaya Ouahigouya 

Tmin ANN Tmin ANN Tmin ANN 

V1 

JAN 

CC .557** 

V1 

JAN 

CC .388* 

V1 

JAN 

CC .513** 

Sig 0.000 Sig 0.011 Sig 0.001 

N 42 N 42 N 42 

FEB 

CC .441** 

FEB 

CC .418** 

FEB 

CC .364* 

Sig 0.003 Sig 0.006 Sig 0.018 

N 42 N 42 N 42 

MAR 

CC 0.264 

MAR 

CC 0.094 

MAR 

CC 0.283 

Sig 0.091 Sig 0.554 Sig 0.069 

N 42 N 42 N 42 

APR 

CC .393** 

APR 

CC 0.191 

APR 

CC .385* 

Sig 0.010 Sig 0.227 Sig 0.012 

N 42 N 42 N 42 

MAY 

CC .413** 

MAY 

CC .624** 

MAY 

CC .591** 

Sig 0.007 Sig 0.000 Sig 0.000 

N 42 N 42 N 42 

V2 

JUN 

CC .544** 

V2 

JUN 

CC .554** 

V2 

JUN 

CC .310* 

Sig 0.000 Sig 0.000 Sig 0.045 

N 42 N 42 N 42 

JUL 

CC .595** 

JUL 

CC 0.190 

JUL 

CC 0.173 

Sig 0.000 Sig 0.227 Sig 0.274 

N 42 N 42 N 42 

AUG 

CC .455** 

AUG 

CC 0.173 

AUG 

CC 0.091 

Sig 0.002 Sig 0.274 Sig 0.566 

N 42 N 42 N 42 

SEP 

CC .493** 

SEP 

CC .479** 

SEP 

CC .307* 

Sig 0.001 Sig 0.001 Sig 0.048 

N 42 N 42 N 42 

OCT 

CC .395** 

OCT 

CC .327* 

OCT 

CC 0.176 

Sig 0.010 Sig 0.035 Sig 0.264 

N 42 N 42 N 42 

V3 NOV 
CC .455** 

V3 NOV 
CC .388* 

NOV 
CC .313* 

Sig 0.002 Sig 0.011 Sig 0.044 



N 42 N 42 N 42 

DEC 

CC 0.080 

DEC 

CC .502** 

DEC 

CC .643** 

Sig 0.616 Sig 0.001 Sig 0.000 

N 42 N 42 N 42 

Ouagadougou Kouka Fada Gourma 

Tmin ANN Tmin ANN Tmin ANN 

V1 

JAN 

CC .488** 

V1 

JAN 

CC .563** 

V1 

JAN 

CC .490** 

Sig 0.001 Sig 0.000 Sig 0.001 

N 42 N 42 N 42 

FEB 

CC .496** 

FEB 

CC .376* 

FEB 

CC .502** 

Sig 0.001 Sig 0.014 Sig 0.001 

N 42 N 42 N 42 

MAR 

CC -0.009 

MAR 

CC 0.114 

MAR 

CC 0.198 

Sig 0.957 Sig 0.472 Sig 0.208 

N 42 N 42 N 42 

APR 

CC 0.160 

APR 

CC 0.180 

APR 

CC .370* 

Sig 0.311 Sig 0.254 Sig 0.016 

N 42 N 42 N 42 

MAY 

CC .579** 

MAY 

CC .448** 

MAY 

CC 0.188 

Sig 0.000 Sig 0.003 Sig 0.234 

N 42 N 42 N 42 

V2 

JUN 

CC .469** 

V2 

JUN 

CC 0.274 

V2 

JUN 

CC .433** 

Sig 0.002 Sig 0.079 Sig 0.004 

N 42 N 42 N 42 

JUL 

CC 0.226 

JUL 

CC .361* 

JUL 

CC .468** 

Sig 0.149 Sig 0.019 Sig 0.002 

N 42 N 42 N 42 

AUG 

CC 0.230 

AUG 

CC 0.243 

AUG 

CC .364* 

Sig 0.143 Sig 0.121 Sig 0.018 

N 42 N 42 N 42 

SEP 

CC .457** 

SEP 

CC 0.221 

SEP 

CC .398** 

Sig 0.002 Sig 0.159 Sig 0.009 

N 42 N 42 N 42 

OCT 

CC .357* 

OCT 

CC 0.126 

OCT 

CC .381* 

Sig 0.020 Sig 0.425 Sig 0.013 

N 42 N 42 N 42 

V3 

NOV 

CC .457** 

V3 

NOV 

CC .490** 

V3 

NOV 

CC .380* 

Sig 0.002 Sig 0.001 Sig 0.013 

N 42 N 42 N 42 

DEC 

CC .438** 

DEC 

CC .497** 

DEC 

CC 0.130 

Sig 0.004 Sig 0.001 Sig 0.413 

N 42 N 42 N 42 

Boromo Dédougou         

Tmin ANN Tmin ANN     

V1 JAN 

CC .516** 

V1 JAN 

CC .430**         

Sig 0.000 Sig 0.005         

N 42 N 42 
        



FEB 

CC .443** 

FEB 

CC .400**         

Sig 0.003 Sig 0.009 
        

N 42 N 42         

MAR 

CC 0.058 

MAR 

CC 0.112 
        

Sig 0.715 Sig 0.481         

N 42 N 42 
        

APR 

CC .344* 

APR 

CC 0.192         

Sig 0.026 Sig 0.223 
        

N 42 N 42         

MAY 

CC .384* MAY CC .558** 
        

Sig 0.012 Sig 0.000         

N 42 N 42 
        

V2 

JUN 

CC 0.210 

V2 

JUN CC .374*         

Sig 0.181 Sig 0.015         

N 42 N 42         

JUL 

CC 0.168 JUL CC 0.103         

Sig 0.289 Sig 0.517 
        

N 42 N 42         

AUG 

CC 0.298 AUG CC 0.252 
        

Sig 0.055 Sig 0.108         

N 42 N 42 
        

SEP 

CC 0.246 SEP CC 0.240         

Sig 0.117 Sig 0.127 
        

N 42 N 42         

OCT 

CC .558** OCT CC 0.123 
        

Sig 0.000 Sig 0.437         

N 42 N 42 
        

V3 

NOV 

CC .606** 

V3 

NOV CC .497**         

Sig 0.000 Sig 0.001         

N 42 N 42         

DEC 

CC .588** DEC CC .535**         

Sig 0.000 Sig 0.000 
        

N 42 N 42         

Source: Power NASA, 1981-2022, coefficient of correlation = CC. **CC is significant at the 0.01 level (two-tailed), 

*CC is significant at the 0.05 level. 

3.3. Extreme temperature variability in the Sudano-Sahelian domain of Burkina Faso 

In this study, the variability of extreme temperatures was analyzed by moving averages, the anomaly 

method, and the Fligner-Killeen test. 

3.3.1. Analysis of variability in extreme temperatures using moving averages and Fligner-Killeen 

test 

The moving averages show a fluctuating trend in extreme temperatures, reflecting the variability of the 

time series from 1981 to 2022. Overall, there is a four-stage trend in maximum temperatures, with a 

decrease between 1981 and 1998, an increase between 1999 and 2001, a decrease between 2022 and 2011, 



and an increase between 2012 and 2022. However, the behavior of minimum temperatures is different. 

There is no phase of change, but rather a continuous sawtooth pattern. This means that the variability of 

minimum temperatures is even greater than that of maximum temperatures. The stations close to the 

Sahelian domains (Ouahigouya, Kaya) and the Sudanian domains (Kouka, Boromo) have strong 

fluctuations in minimum temperatures, compared with the stations in Ougadougou, Fada Gourma, and 

Diapaga, which are in the center of the Sudano-Sahelian zone. Figure 2 shows the changes in temperature 

variability between 1981 and 2022 for the selected study regions. In the northeast region, the Kaya station 

was chosen. Similarly, in the north and central regions, the Ouahigouya and Ouagadougou stations were 

chosen because of their different variation. The Dédougou station in the Boucle du Mouhoun region was 

chosen because the other stations (Boromo, Kouka) are similar in terms of temperature variation. The 

same is true for the Fada Gourma station in the eastern region. 

 
Fig. 2a. High variability of extreme temperatures in the Sudano-Sahelian domain of Burkina Faso. 



 
Fig. 2b. High variability of extreme temperatures in the Sudano-Sahelian domain of Burkina Faso. 



These variations are quite large in comparison with the pre-rainy season, the rainy, and the post-rainy 

season (Table 8). 

Table 8. Comparative variability of extreme temperatures for the periods before the rainy season, during the rainy 

season and after the rainy season. 

Source: Power NASA, 1981-2022, v1 = rainy pre-season; v2 = rainy season; v3 = post-season rainy. 

Localities 
Compared 

seasonality 
T Expected T z p (one-tailed): p (two-tailed): Type of temperature 

D
ia

p
ag

a 

v1-v2 50.078 39.092 1.9382 0.026297 0.052595 

maximum temperature v2-v3 43.881 39.092 0.84492 0.19908 0.39816 

v1-v3 56.052 39.092 2.9921 0.0013852 0.0027704 

v1-v2 20.696 39.092 –3.247 0.00058319 0.0011664 

minimum temperature v2-v3 64.955 39.092 4.5629 2.52E-06 5.04E-06 

v1-v3 58.715 39.092 3.4621 0.00026795 0.0005359 

K
ay

a 

v1-v2 49.298 39.092 1.8006 0.035882 0.071765 

maximum temperature v2-v3 50.727 39.092 2.0527 0.020053 0.040106 

v1-v3 57.344 39.092 3.2201 0.00064068 0.0012814 

v1-v2 20.696 39.092 –3.247 0.00058319 0.0011664 

minimum temperature v2-v3 64.955 39.092 4.5629 2.52E-06 5.04E-06 

v1-v3 58.715 39.092 3.4621 0.00026795 0.0005359 

o
u
ah

ig
o
u
ga

 

v1-v2 54.215 39.092 2.668 0.0038155 0.007631 

maximum temperature v2-v3 41.895 39.092 0.49457 0.31045 0.6209 

v1-v3 56.246 39.092 3.0264 0.0012373 0.0024746 

v1-v2 16.224 39.092 –4.0344 2.74E-05 5.47E-05 

minimum temperature v2-v3 64.549 39.092 4.4912 3.54E-06 7.08E-06 

v1-v3 54.952 39.092 2.7981 0.0025699 0.0051399 

O
u
ag

ad
o
u
go

u
 v1-v2 45.533 39.092 1.1364 0.12789 0.25578 

maximum temperature v2-v3 52.662 39.092 2.3941 0.0083303 0.016661 

v1-v3 59.393 39.092 3.5816 0.00017078 0.00034156 

v1-v2 23.671 39.092 –2.7206 0.003258 0.006516 

minimum temperature v2-v3 65.605 39.092 4.6776 1.45E-06 2.90E-06 

v1-v3 60.4 39.092 3.7592 8.52E-05 0.00017046 

K
o
u
k
a 

v1-v2 53.249 39.092 2.4977 0.0062506 0.012501 

maximum temperature v2-v3 54.39 39.092 2.699 0.0034775 0.0069549 

v1-v3 62.319 39.092 4.0978 2.09E-05 4.17E-05 

v1-v2 23.43 39.092 –2.763 0.0028634 0.0057267 

minimum temperature v2-v3 66.219 39.092 4.786 8.51E-07 1.70E-06 

v1-v3 61.193 39.092 3.8993 4.82E-05 9.65E-05 

F
ad

a 
G

o
u
rm

a 

v1-v2 53.892 39.092 2.6114 0.0045088 0.0090176 

maximum temperature v2-v3 51.039 39.092 2.1077 0.017527 0.035054 

v1-v3 61.1 39.092 3.8828 5.16E-05 0.00010324 

v1-v2 18.835 39.092 –3.5737 0.00017597 0.00035194 

minimum temperature v2-v3 66.235 39.092 4.7888 8.39E-07 1.68E-06 

v1-v3 59.158 39.092 3.5401 0.00019998 0.00039996 

B
o
ro

m
o

 

v1-v2 54.152 39.092 2.657 0.0039418 0.0078835 

maximum temperature v2-v3 51.48 39.092 2.1855 0.014425 0.028851 

v1-v3 61.938 39.092 4.0305 2.78E-05 5.57E-05 

v1-v2 24.94 39.09 –2.50 0.0062515 0.012503 

minimum temperature v2-v3 65.59 39.09 4.675 1.47E-06 2.94E-06 

v1-v3 64.52 39.09 2.345 0.000198 0.0003696 

D
éd

o
u
go

u
 

v1-v2 50.34 39.092 2.699 0.0054792 0.0061521 

maximum temperature v2-v3 62.24 39.09 4.08 2.21E-05 4.42E-05 

v1-v3 55.118 39.092 2.8274 0.0023463 0.0046925 

v1-v2 50.061 39.092 1.9353 0.026479 0.052958 

minimum temperature v2-v3 54.94 39.09 2.50 0.0032515 0.032503 

v1-v3 60.694 39.092 3.8111 6.92E-05 0.00013836 



3.3.2. Analysis of anomalies as a factor in temperature variability in Burkina Faso 

Extreme temperatures are anomalies that develop decade by decade over the period 1981 to 2022. Indeed, 

in the 1980s, especially in 1981, 1982, 1983, and 1987, extreme temperature anomalies (maximum, 

minimum) exceeding z = 1.96 were recorded during the pre-rainy season at all the sites studied. Further 

temperature anomalies occurred in 1994, 1995, and 1998, mainly during the rainy and post-rainy seasons. 

From 2000 onward, the occurrence of extreme temperature anomalies increased significantly: the number 

of years in which anomalies occurred increased over the period 2000-2022, with anomalies occurring in 

2000, 2001, 2002, 2003, 2005, 2009, 2011, 2013, 2015, 2019, and 2021. Extreme temperature anomalies 

occur during the rainy season, the post-rainy season and, to a lesser extent, the pre-rainy season. This 

indicates an increase in temperature variability at the study sites. Figure 3 shows temperature anomalies 

from 1981 to 2022. 

 
Fig. 3. Seasonal anomalies of extreme temperatures in the Sudano-Sahelian zone of Burkina Faso. 

4. Discussion 

4.1. Temperature trends in Burkina Faso and Africa 

The results of the study are quite remarkable. Extreme temperatures (maximum and minimum) show a 

change in the 2000s compared to the period 1981-2022 period. Furthermore, extreme temperatures show 



an upward trend according to Spearman’s r, regardless of seasonality. Temperature variability was also 

strong and increasing over the period 2000-2022. However, the trends vary from station to station. This 

could be explained by a general variation in rainfall and temperature across the country. Indeed, the area 

occupied by the Sahelian and Sudano-Sahelian domains has increased over time (1931-2010) to the 

detriment of the Sudanese domain (Rouamba 2017). Furthermore, isotherms have also shifted from north 

to south from 1971 to the present day, reflecting temperature dynamics across the country (Dipama 2014). 

Yaméogo and Rouamba (2023) also found an increase and change in maximum temperatures in the 

Sahelian, Sudano-Sahelian, and Sudanese domains over the period 1960-2019. Other studies in the 

Sudano-Sahelian domain (Rouamba et al. 2023) found similar results. Yanogo and Yaméogo (2023) also 

note that temperatures in the Sudano-Sahelian region of Burkina Faso are changing, particularly in the 

2000s over the period 1990-2020. Several other studies carried out in West Africa and Africa as a whole 

corroborate the results of this study. For example, Sanogo et al. (2023) found that maximum temperatures 

in Mali are increasing, but that the trend was also upward for the period 1991-2020. Similar studies have 

confirmed the findings of previous studies. For example, Musa et al. (2021) found an increasing trend and 

high variability in extreme temperatures in north-central Nigeria. Other studies conducted in Nigeria 

(Ogunrayi et al. 2016; Ekwueme, Agunwamba 2021; Dan’azumi, Ibrahim 2023), Mauritania (Yacoub, 

Tayfur 2019), Senegal (Djaman et al. 2017) and Gambia (Jabbi et al. 2021) have made similar observations. 

According to Ilori and Ajayi (2020), extreme temperatures are evolving due to temporal breaks in 

temperature data in the 1980s, which then show an upward trend until 2010. Other regions of Africa are 

affected by changes in seasonal temperature cycles. In East Africa, particularly Ethiopia and South Africa, 

extreme temperatures are increasing (Worku et al. 2022; Chapungu et al. 2024). The same trends have also 

been observed in Central Africa, such as the Democratic Republic of Congo (Posite et al. 2024) and 

Burundi (Niyongendako et al. 2020). The work of Umeh et al. (2024) on 48 African countries shows an 

overall trend toward rising temperatures in all countries except Madagascar and Niger. 

4.2. Seasonal temperature variability in Burkina Faso and West Africa  

Maximum and minimum temperatures show inter-seasonal variability in the eight (08) stations in the 

Sudano-Sahelian region. This could be explained by the fact that in the arid tropical region of Africa where 

Burkina Faso is located, temperature is modulated by rainfall. Thus, the temperature is very high as the 

rainy season approaches, then moderately high during the rainy season, and the temperature drops just 

after the rainy season, i.e., in November, December, and January. This situation could influence the 

seasonal variability of extreme temperatures. In addition, in other studies in Burkina Faso, Yaméogo and 

Rouamba (2023), and Koala et al. (2023a), add that seasonal variability in maximum temperatures is 

observed across the country. Koala et al. (2023b) predict that a continuous trend in temperature variability 

in the Sudano-Sahelian zone (from the Nakambè catchment) will continue until 2050. Studies carried out 

in West Africa confirm these results. In Nigeria, maximum, minimum, and mean temperatures in the 

Niger basin over the period 1948-2008 (Oloruntade et al. 2016), as well as in the coastal region of Nigeria 

(Agbonaye, Okonofua 2024), have been rising steadily. In Mali and northern Togo they increased over the 



period 1951-2010 (Kouressy et al. 2019l; Gadedjisso-Tossou et al. 2021). According to Ringard et al. 

(2016) and Asamoah and Ansah-Mensah (2020), there has been an increase in extreme variability across 

the West African region (Sahel and Gulf of Guinea). There has also been an increase in extreme 

temperature anomalies. The various results show a general increase in temperatures, interspersed with a 

high-temperature variability according to season (wet and dry). This seasonal temperature variability 

results from the hydrological cycle (Diba et al. 2022). 

5. Conclusion 

Temperature extremes in the Sudano-Sahelian region of Burkina Faso were analyzed using normality, 

homogeneity, trend, and anomaly statistics. The normality tests showed that the maximum temperature 

data generally followed a normal distribution, while the minimum temperature data did not follow a 

normal distribution. Homogeneity tests of the temperature data reveal temperature breaks in the 2000s 

before, during, and after the rainy season for maximum temperature data. However, minimum 

temperatures showed little change. The study shows that temperatures change seasonally, with maximum 

temperatures changing more markedly than minimum temperatures during the pre-rainy season, the rainy 

season, and the post-rainy seasons. Temperatures are also highly variable, with anomalies observed in the 

pre-rainy season, the rainy season, and the post-rainy season in the 2000s. Local and regional authorities 

must, therefore, take urgent action to protect vulnerable groups. 
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