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Abstract 
A better understanding of rainfall variability and trends is vital for agricultural production systems. This study 

evaluates the spatio-temporal variability and trends in annual, seasonal and daily rainfall in Benin. Daily rainfall data 

for the 1970-2016 period measured at three weather stations (Savè, Malanville, and Tanguiéta) were obtained from 

the Benin National Weather Agency. Descriptive statistics, standardized anomaly of rainfall (SAR) and rainfall 

intensity were used to analyze rainfall variability. For rainfall trends analysis, we tested for auto-correlation and used 

the Mann-Kendall and Modified Mann-Kendall tests for non-auto-correlated and auto-correlated data, respectively. 

Trend magnitude was estimated using Sen’s slope. Globally a moderate-to-high seasonal rainfall and low variability 

of yearly rainfall were observed. The SAR indicated more than 50% of the years in the studies period experienced dry 

years. Between 1970 and 2016, a significant 20 % increase was observed in the yearly rainfall in Tanguiéta whereas 

no significant trends were observed in Malanville (10% increase) and Savè (0.6% decrease). The general rainfall 

increase observed during the post-monsoon season (October to November) in the three weather stations potentially 

increases flood frequencies during the harvest period of some crops, which can reduce crop yields. The changes in the 

pre-monsoon season (March to May) and monsoon season (June to September) were not globally uniform and can 

have positive/negative impact on agriculture, certainly when no adaptation strategies are applied. These findings are 

essential to the resilience building and climate risk management in agriculture which is largely dependent on weather 

conditions.  
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1 Introduction 
 

The impacts of human activities on the global climate have been amply documented. Human activities have 

significantly increased the concentration of greenhouse gases (GHG) in the atmosphere, contributing to global 

warming and adverse climatic changes (IPCC 2021; Tang et al. 2021). The sixth report from the Intergovernmental 

Panel on Climate Change (IPCC) indicates that human activities are largely responsible for the increase of 1°C in the 

global average temperature since the mid-20th century (IPCC 2021). By 2030, the report indicates that the increase in 

global temperature is expected to reach 1.5 °C. However, it is noted that the changes in rainfall are not globally uniform 

(Ademe et al. 2020; IPCC 2021), and are expected to vary across regions, since rain is a variable that change with 

time and space (Akumaga and Tarhule 2018; IPCC 2021). Considerable temporal and spatial climate variations might 

exist between different regions (Akinsanola and Ogunjobi 2017; Ademe et al. 2020).  

In West Africa, agriculture is largely rain-fed (Onyutha 2018; Arouna et al. 2021). As a result, high intra- and 

inter-annual variability and uncertainties in rainfall (Sylla et al. 2015; Akumaga and Tarhule 2018) may affect the 

success of growing seasons or have important implications for water availability on which agriculture largely depends. 

One of the challenges faced in the study on climate change and climate variability is the ability to ascertain, identify 

and quantify the trends in rainfall and their implications for agricultural production systems. The latter information 

can guide suitable adaptation measures such as water conservation techniques, use of shallow ground water for 

irrigation, shifting planting dates and use of drought-resistant crop varieties (Marie et al. 2020). Rainfall trend analysis 

plays an important role for water resources management (Paul et al. 2017) and agricultural activities (Ademe et al. 

2020). A change in the rainfall pattern may ultimately lead to drought and flood in different regions, which has a direct 

impact on soil degradation and agricultural productivity (Gummadi et al. 2018; Asfaw et al. 2018; Onyutha 2018; 

Arouna et al. 2021). Information about spatio-temporal trends in long-term rainfall is therefore essential for both 

farmers and agronomists (Ademe et al. 2020).  

As is the case in most West African countries, Beninese agriculture is mostly rain-fed (AGVSA 2017; MCVDD 

2019; Wabi et al. 2021). Agriculture accounts for 35% of the Beninese Gross Domestic Product (GDP) and 75% of 

the export revenue (AGVSA 2017). Around 70% of people are dependent on agriculture for their livelihoods (MAEP 

2017). In recent years, climate change and hydro-meteorological disasters such as drought and flood have caused 

severe damages to the agricultural sector and peoples’ livelihood in different Beninese regions (Cornelissen et al. 

2013; Aho et al. 2018; MCVDD 2019). By 2030, the third national communication on climate change (the latest) of 

Benin reported that future climate variability and climate change are likely to affect agriculture and increase the 

probabilities of occurrence of water scarcity and hunger (MCVDD 2019).  

In recent years, there has been an increased interest in investigating long-term trends in rainfall data (Akinsanola 

and Ogunjobi 2017; Paul et al. 2017; Lawin et al. 2019; Ademe et al. 2020). For trend identification and the 

longitudinal quantification of climatological variables, parametric and non-parametric tests are generally used (Paul 

et al. 2017; Asfaw et al. 2018; Ademe et al. 2020). The Mann-Kendall (MK) statistical test (a non-parametric test), 

derived from studies of Mann (1975), Kendall (1975), and Yue et al. (2002), has been recommended by the World 

Meteorological Organization (WMO) as an effective means to assess trends in environmental data series. As such, the 

MK test has widely been used to verify the significance of trends in climatological or hydrological time series (Asfaw 

et al. 2018; Lawin et al. 2019; Ademe et al. 2020; Wabi et al. 2021). 
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  Our study takes places on the background of contradictory findings in previous studies of Benin climate trends. 

Gnanglè et al. (2011) analysed the spatio-temporal patterns of annual rainfall in Benin between 1960 and 2008 and 

reported a decreasing trend in national yearly rainfall and in the mean number of rainy days. On the other hand, 

Ahokpossi (2018) did not find a significant rainfall change in Benin. Lawin et al. (2019) investigated rainfall at the 

regional scale for the 1981-2010 period over the Mono River watershed (Southern part of Benin) and found an 

increasing trend. Idrissou et al. (2020) reported increasing annual rainfall in dry and sub-humid tropical zones of Benin 

between 1976 and 2015. Other studies investigated rainfall trends in Benin using an arbitrary period (28-year data), 

due to the availability of data, reported a decrease in annual rainfall (Ezin et al. 2018). However, approaches used by 

the latter authors (i) were based on unsuitable statistical methods and did not estimate the trend magnitude; and (ii) 

fell short of accounting for auto-correlation in the data. Many studies have highlighted the common problem of auto-

correlation in time series analysis that affects the accuracy of the analyses (Hamed and Rao 1998; Yue et al. 2002; 

Akinsanola and Ogunjobi 2017; Paul et al. 2017; Ahokpossi 2018).  

     In this study, we explore spatio-temporal variability and trends in annual, seasonal, and daily rainfall using 47-year 

daily rainfall data collected from three weather stations in Benin. Specifically, this study aims to (i) analyze the 

variability of annual, seasonal and daily rainfall, and (ii) quantify the significance of changes by applying non-

parametric (Mann-Kendall and Sen’s slope) statistical tests on annual, seasonal and daily rainfall. We hypothesize 

that (i) increasing trend and variability of annual, seasonal, and daily rainfall occurs in the study area; and (ii) changes 

and variability of annual, seasonal, and daily rainfall are negatively linked with crop production which impacts 

agricultural practices. The results of this study can provide useful information for better planning water resources 

management and help to design appropriate adaptation measures in agriculture which is largely dependent on weather 

conditions.  

 

2 Material and methods  

2.1 Study area and data 

The weather stations of Malanville, Savè, and Tanguiéta (Table 1 and Fig. 1) located in the agro-ecological regions 

of Sudano-Sahelian zone of the extreme North, the Sudano-Guinean transition zone and the Sudanese North-West 

zone respectively, were selected as our study sites. These three agro-ecological regions have different rainfall patterns 

(Fig. 2). Crop cultivation and livestock rearing are the main activities of the local population in the three agro-

ecological zones (AGVSA 2017). Daily rainfall data were obtained from the Benin National Weather Agency for the 

1970 to 2016 period (47-years).  

Table 1 Description of the three weather stations 

Weather stations Malanville Savè Tanguiéta 
Latitude 11°52’N 7°59’N 10°37’N 

Longitude 3°26’E 2°26’E 1°16’E 

Elevation 160 m 199 m 225 m 

Bioclimatic region Sudano-Sahelian Sudano-Guinean Sudanian 

Annual rainfall 700-1000 mm 1100 to 1300 mm 800 to 1100 mm 

Data sources: Lawin et al. (2016) and MCVDD (2019).   
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Fig. 1 Spatial distribution of the weather stations in Benin 

 
 

Fig. 2 Distribution of mean monthly rainfall of the 1970-2016 period 
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2.2 Methods  
  

2.2.1 Preliminary analyses and compilation of rainfall data 
 

A day is considered to be a rainy day if the rainfall is > 0.1 mm (Lawin et al. 2011; Wabi et al. 2021). First, calendar 

months (January to December) were used to obtain monthly data by summing the daily rainfall for each month. 

Similarly, seasonal or yearly rainfall data were obtained by summing the corresponding monthly data. For a 

comprehensive and detailed evaluation of the seasonal rainfall, we grouped the monthly data according to a dry winter 

season (December to February), pre-monsoon season (March to May), monsoon season (June to September) and post-

monsoon season (October and November), following Akinsanola and Ogunjobi (2017).  

 

2.2.2 Descriptive statistics 
 

Descriptive statistics were used to examine the variability of annual, seasonal and daily rainfall (Paul et al. 2017). 

Mean rainfall represents the central tendency. According to Hare (2003), the coefficient of variation (COV) can be 

divided into three groups representing: low variation (COV < 20%), moderate variation (20% ≤ COV ≤ 30%) and 

high variation (COV > 30%). Skewness was calculated to describe the symmetry of a dataset while Kurtosis was 

computed and indicated the combined weight of the tails to the rest of the distribution.   

 

2.2.3 Standardized anomaly of rainfall (SAR)  
 

The inter-annual rainfall variability was analyzed using the standardized anomaly of rainfall (SAR) (Asfaw et al. 

2018). The SAR was calculated as:  

 

                         Z (𝑖) = 𝑥𝑖−𝜋Ɵ                                                                                                                  (1) 

where Z(i) is the standardized anomaly of rainfall of year i; xi = is the annual rainfall of year i; π is the mean of the 

times series; and Ɵ is the standard deviation of the time series. A positive and negative Z(i) value indicates wet and 

dry years, respectively (Asfaw et al. 2018).   

 

2.2.4 Rainfall intensity  
 

We analyzed rainfall intensity in two complementary ways (Paul et al. 2017). First, total annual rainfall was divided 

by total rainy days in order to obtain the mean daily rainfall intensity. Secondly, we divided daily rainfall into four 

groups, i.e. light rainfall (< 10 mm per day), moderate rainfall (10-25 mm per day), heavy rainfall (25-50 mm per 

day), and extreme rainfall (> 50 mm per day) (Paul et al. 2017).  

 

2.2.5 Trend analyses 
 

We conducted a rigorous trend analysis by applying the non-parametric Mann-Kendall (MK), modified MK, and Sen’s 

slope tests, using the annual, seasonal and daily rainfall (rainfall intensity) data. These analyses helped to determine 

the long-term upward, or downward trends of annual, seasonal, and daily rainfall. Statistical trend analysis was 

performed using a stepwise procedure (Fig. 3). 
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Fig. 3 The statistical analysis procedure adopted for trend analysis 
 

a. Auto-correlation test  
 

The auto-correlation function of ranks of the observations 𝛒k was calculated using the formula (Dodge 2003):  𝛒k = (∑ )(yt − Ȳ)(yt−k−Ȳnt=k+1 )(∑ (yt − Ȳ)2nt=1 )                                                                                                       (2) 
where Ȳ is the mean of the times series ; n is the number of observations in the data series; yt and yt-k  are the sequential 

data in the series.  

The significance of the autocorrelation was checked within annual, seasonal and daily rainfall (rainfall intensity) data 

using Student’s test at Lag-1 on rainfall data, following Akinsanola and Ogunjobi (2017): 

 

                       t = √(n − 2) (1 − ρ12)⁄ρ1                                                                                                              (3) 

 

where the test statistic has a t Student test distribution with (n-2) degrees of freedom, n = is the number of observations 

in the data series, and ρ1 is the autocorrelation coefficient at Lag-1. If |t| ≥ tα/2, the null hypothesis regarding serial 

independence is rejected at a significant level α.  
 

b.  Mann-Kendall test (MK) 
 

The MK test was applied on the seasonal and annual rainfall and rainfall intensity data which were not found to be 

auto-correlated. The MK test was performed by using the formula (Mann 1975; Kendall 1975):    

 

                    S    = ∑ ∑ sgn(Xj − Xi)nj=i+1n−1i=1                                                                                                        (4) 

where n is the number of observations in the data series; Xj and Xi (j > i) are the sequential data in the series; and 

where the sign function is defined as :  

 

                    𝑠gn (Xj − Xi) = { + 1   if (Xj − Xi) > 0     0   if   (Xj − Xi) = 0−1   if (Xj − Xi) < 0 }                                                                                     (5) 
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The variance of S was calculated following Mann (1975) and Kendall (1975):  

 

                       Var (S) = n (n−1)(2n+5)−∑ tp (tp−1)(2tp+5)q−1p=118                                                                             (6) 

 

where n = is the number of observations in the data series, q = is the number of groups and tp = is the size of the pth 

tied group.   

In cases where the sample n > 10, the standard normal test statistic Z was computed as follows: (Mann, 1975; Kendall, 

1975):   

 

    Z = { 
       S−1√var(S)  if S > 00             if  S = 0S+1√var(S)  if S < 0 } 

                                                                                                                       (7) 

A positive Z value indicates that the direction of the trend is upward while a negative one that it is downward.  

 

c.  Modified Mann-Kendall test (MMK) 
 

The MMK test (Hamed and Rao 1998; Akinsanola and Ogunjobi 2017; Paul et al. 2017) was employed to detect a 

trend in a time series of auto-correlated seasonal and annual rainfall and rainfall intensity data. The MMK allows 

calculating the auto-correlation between ranks of observation 𝛒k after taking out a non-parametric trend estimate. 

Only significant 𝛒k-values were used to determine the variance correction factor (n/ns*) (Eq 8), because the variance 

of S calculated according to (Eq 4) is underestimated when data are auto-correlated.  

 nns∗ = 1 + 2n(n−1)(n−2)  X∑ (n − k)(n − k − 1)(n − k − 2)ρkn−1k=1                                          (8)             

where n = is the actual number of observations, ns* = is the effective number of observations accounting for auto-

correlation in the time series and 𝛒k = is the auto-correlation function of ranks of the observations (Equation 2). Thus, 

the corrected variance is computed as: Var∗ (S) = Var (S) X nns∗                                                                                                                                (9)                                             
where Var (S) is described in (Equation 5). The standardized test statistic Z is then computed as in (Equation 6).  

 

d.  Sen’s slope estimator 
 

The non-parametric test of Sen’s slope was employed to estimate the magnitude of the slope in the sample of N data 

pairs was developed by Sen (1968). The slope estimates of each data pair Qi is computed as:  

 Qi = [(Xi − Xj(j − i) ]  for i = 1,… , N                                                                                                             (10)   
where: Xi and Xj (j > i) are considered as data values at the times i and j, respectively.  

If there are Xi-values in the time series, we have N = n(n−1)2  slope estimates. 
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The values of Qi are ranked from small to large. Sen’s slope is defined as the median value (Qmed) of this series, 

which is computed as:  

          Qmed = {                       Q[(N+1)2 ]            if N is odd 12 (Q[N2] + Q[(N+2)2 ])             if N is even}                                                        (11)  
A positive Qmed-value indicates an upward trend whereas a negative Qmed-value indicates a decreasing trend in the 

data series. 

  

e.  Percentage of change in magnitude 

The percentage of change allowing comparison trends between different weather stations was calculated following 

Yue and Hashino (2003):  

       Percentage of change (%) = Qmed ∗ nmean ∗ 100                                                                            (12)         
where: Qmed = is the median of Sen’s slope and n = is the number of years.  

 

In our study, a significance level of α = 0.05 was employed and all statistical analyses were performed using R version 

3.6.1. (R Core Team 2019). 

 

3 Results  
 

3.1 Inter-annual, seasonal and daily rainfall distribution and variability  

The lowest (811 mm) and highest (1061 mm) mean annual rainfall were recorded in Malanville (Sudano-Sahelian 

bioclimate) and Tanguiéta (Sudanian bioclimate), respectively (Table 2). In the three weather stations, the lowest 

mean rainfall and rainy days occurred during the dry winter season (December to February) while the monsoon season 

(June to September) had the highest mean rainfall and rainy days (Table 2). In the three weather stations, the highest 

and lowest mean number of rainy days were observed in the case of light rainfall (< 10 mm per day) and extreme 

rainfall (> 50 mm per day), respectively (Table 2). The seasonal mean rainfall increased progressively from the dry 

winter season followed by the pre-monsoon season (March to May), reached the highest point during the monsoon 

season, and started decreasing in the post-monsoon season (October and November).   

In Tanguiéta, the highest value of yearly rainfall (1446 mm) was recorded in 1998 while the lowest value (679 

mm) was recorded in 1985 (Fig. 4). In Malanville, the highest value of yearly rainfall (1450 mm) was recorded in 

2003 while the lowest value (472 mm) was recorded in 1973 (Fig. 4). In Savè, the highest (1486 mm) and the lowest 

(634 mm) yearly rainfall were recorded in 2003 and 1983, respectively (Fig. 4). The standardized anomaly of rainfall 

for the weather stations indicated that 51%, 57%, and 53% of the years in the studies period experienced negative 

anomalies in Savè, Malanville and Tanguiéta, respectively (Fig. 5). Of this, more than 50% of negative anomalies 

occurred between 1970 and 1994.  

For the three weather stations, the dry winter and the post-monsoon season rainfall exhibited a high variability 

(COV) of > 30% (Table 2). The variability (COV) of pre-monsoon season was > 30% in both Malanville and 

Tanguiéta while it showed a moderate variability in Savè (Table 2). The monsoon season rainfall showed a low 

coefficient of variation (< 20%) in Malanville and Tanguiéta and a moderate variability (20% ≤ COV ≤ 30%) in Savé 

(Table 2). The variability of rain in excess of 50 mm per day was very high (COV > 30%) (Table 2) in the three 
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weather stations. In general, in the whole year, light rainfall (< 10 mm per day), moderate rainfall (10-25 mm per day) 

and heavy rainfall (25-50 mm per day) exhibited similar coefficient of variation (Table 2).  

 

Table 2 Descriptive statistics of seasonal, annual and intensity of rainfall (1970-2016) 
 

 

  Mini Max Mean SD CV 
(%) 

Skewness Kurtosis 

SAVE 

Rainfall  
(mm) 

Dry winter 0 110.2 29.5 27.3 92.7 1.1 0.9 

Pre-Monsoon 123 499.3 292.5 78.3 26.8 0.3 0.1 

Monsoon 317.9 925.5 602.2 165.7 27.5 0.4 -0.7 

Post-monsoon 8.9 278.2 124.1 55.7 44.9 0.5 0.3 

Annual  633.9 1486.3 1048.2 192.6 18.4 0.1 0.1 

Rainy 
days 

(number 
of days) 

Dry winter 0 7 2.3 1.8 77.4 0.7 -0.2 

Pre-Monsoon 13 29 20.1 4.1 20.6 0.4 -0.7 

Monsoon 24 58 42.1 7.4 17.6 -0.1 -0.4 

Post-monsoon 4 20 10.2 3.4 33.6 0.9 1.1 

Annual  54 93 74.7 9.6 12.8 -0.2 -0.6 

Rainfall 
intensity 
(mm per 

days) 
 

Light rainfall 29 54 40.3 5.7 14.1 0.2 -0.4 

Moderate rainfall 9 33 21.5 5.2 24.4 -0.1 -0.1 

Heavy rainfall 4 19 10.4 3.1 29.4 0.4 0.4 

Extreme rainfall 0 8 2.5 1.6 62.6 1.1 2.4 

Total annual rainfall 

/days (mm/days) 10.7 17.7 14.0 1.5 10.6 0.0 0.0 

        
MALANVILLE 

Rainfall 
(mm) 

Dry winter 0 15.3 0.9 2.7 316.5 4.0 17.4 

Pre-Monsoon 27.2 237.4 90.9 44.6 49.1 1.0 1.6 

Monsoon 444.0 1250.2 700.6 142.1 20.3 1.4 4.3 

Post-monsoon 0 89.8 18.5 20.5 111.1 1.4 2.2 

Annual  472.2 1449.6 810.9 149.3 18.4 1.9 7.4 

Rainy 
days 

(number 
of days) 

Dry winter 0 2 0.2 0.4 277.3 2.9 8.7 

Pre-Monsoon 2 17 6.5 2.7 41.1 1.4 4.3 

Monsoon 24 65 39.7 7.7 19.4 1.3 3.3 

Post-monsoon 0 8 2.1 1.9 91.3 1.3 2.2 

Annual  30 75 48.4 8.7 17.9 1.0 1.8 

Rainfall 
intensity 
(mm per 

days) 
 

Light rainfall 9 43 21.1 6.7 31.6 0.9 1.4 

Moderate rainfall 9 36 16.3 4.7 29.0 2.0 6.0 

Heavy rainfall 2 21 9.2 3.5 37.9 0.6 1.5 

Extreme rainfall 0 6 1.8 1.4 75.2 0.6 0.6 

Total annual rainfall 

/days (mm/days) 11.3 25.4 17.0 2.8 16.2 0.4 0.8 

        
TANGUIÉTA 

Rainfall  
(mm) 

Dry winter 0 54.3 4.4 12.3 280.1 3.1 9.1 

Pre-Monsoon 46.9 614.4 197.7 108.0 54.6 1.7 4.2 

Monsoon 558.5 1105.6 778.4 136.3 17.5 0.7 -0.3 

Post-monsoon 5.3 379.1 80.5 59.5 73.9 3.0 13.2 

Annual  678.5 1445.9 1061.0 168.6 15.9 -0.1 -0.3 

Rainy 
days 

(number 
of days) 

Dry winter 0 4 0.3 0.8 253.1 3.2 10.9 

Pre-Monsoon 3 20 13.5 3.6 26.4 -0.6 0.5 

Monsoon 21 83 51.5 10.1 19.7 0.4 3.5 

Post-monsoon 1 20 8.6 4.3 49.4 0.6 0.2 

Annual  29 110 73.9 13.5 18.2 -0.3 2.7 
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Rainfall 
intensity 
(mm per 

days) 
 

Light rainfall 7 76 38.2 10.7 28.1 0.5 3.5 

Moderate rainfall 10 37 22.9 6.6 28.9 0.3 -0.4 

Heavy rainfall 3 20 10.1 3.2 32.0 0.6 1.4 

Extreme rainfall 0 10 2.7 2.1 77.0 1.1 1.7 

Mean rainfall 

intensity (mm/days) 9.5 27.7 14.7 3.1 21.0 2.4 7.9 

SD: standard deviation; CV: coefficient of variation 
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Fig. 4 Variability of annual rainfall and rainy days  
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        Fig. 5 Standardized anomaly index of annual rainfall during the period 1970-2016. 
 
 

3.2 Spatio-temporal pattern of rainfall trends  
 

Results indicate a significant increase (p = 0.04) of 20% in the yearly rainfall in Tanguiéta, no significant change in 

Malanville (p = 0.150) and in Savè (p = 0.83) (Table 3). No significant rainfall trend was observed in the monsoon 

season and the post-monsoon season in the three weather stations (Table 3). In the pre-monsoon season, the results 

indicated an increasing rainfall trend in Malanville (28%) and Tanguiéta (59%) while a decreasing trend (7%) was 

observed in Savè. The trends were significant (p = 0.02) in Tanguiéta and non-significant in Savè (p = 0.37) and 

Malanville (p = 0.26) during the pre-monsoon season. A non-significant increase of rainfall was observed in the dry 

winter season in Savè (p = 0.90) and Malanville (p = 0.13) while a non-significant decrease was observed in Tanguiéta 

(p = 0.23). The results indicated a non-significant decrease trend of rainy days in both the pre-monsoon and monsoon 

seasons in Savè and Tanguiéta. The three weather stations recorded non-significant trends in both rainfall and rainy 

days during the post-monsoon season. In the weather station of Savè, a non-significant decreasing trend was observed 

in the number of days with light rainfall (p = 0.29), moderate rainfall (p = 0.73) and extreme rainfall (p = 0.91) whereas 

the number of days with heavy rainfall did not change significantly (p = 0.15). In the weather station of Malanville no 

significant changes in light rainfall (p = 0.69), moderate rainfall (p = 0.84), heavy rainfall (p = 0.49) or extreme rainfall 

(p = 0.30) were observed. In the weather station of Tanguiéta, no significant changes were observed in light rainfall 
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(p = 0.35) and moderate rainfall (p = 0.10), whereas a significant increase trend was recorded in both heavy (p = 0.04) 

and extreme rainfall (p = 0.03).  

 

Table 3 Result of Mann-Kendall (Modified Mann-Kendall) test (at 0.05 level) and percentage change over 1970-2016 

 
 

     
Z-value % change 

Rainfall 
(mm) 

Savè 

Annual  -0.18 -0.58 

Dry (winter)  0.58 0.00 

Pre-monsoon  -0.89 -7.23 

Monsoon 0.46 5.58 

Post-monsoon 0.99 20.48 

Malanville 

Annual  1.45 9.91 

Dry (winter)  1.52 0.00 

Pre-monsoon  1.14 27.97 

Monsoon 0.77 7.95 

Post-monsoon 0.02 0.00 

Tanguiéta 

Annual  1.98* 19.47 

Dry (winter)  -1.2 0.00 

Pre-monsoon  2.38* 58.91 

Monsoon 0.48 3.08 

Post-monsoon 0.55 7.77 

Rainy days 
(number) 

Savè 

Annual  -0.66 -5.18 

Dry (winter)  0.58 0.00 

Pre-monsoon  -0.12 0.00 

Monsoon -0.83 -7.78 

Post-monsoon 0.51 0.00 

Malanville 

Annual  0.86 7.77 

Dry (winter)  1.30 0.00 

Pre-monsoon  0.82 0.00 

Monsoon 0.16 0.00 

Post-monsoon 1.35 0.00 

Tanguiéta 

Annual  -0.19 -1.51 

Dry (winter)  -1,37 0.00 

Pre-monsoon  -0.86 -10.89 

Monsoon -0.25 -1.99 

Post-monsoon 0.66 0.00 

 

Savè 

< 10 mm -1.10 -10.61 

Rainfall intensity 
(mm per day) 

10 to 25 -0.35 0.00 

25 to 50 1.40 19.88 

> 50 mm -0.11 0.00 

Mean rainfall intensity 1.57 6.05 

Malanville 

< 10 mm 0.39 0.00 

10 to 25 -0.20 0.00 

25 to 50 0.69 0.00 

> 50 mm 1.05 0.00 

Mean rainfall intensity 0.94 6.63 

Tanguiéta 

< 10 mm -0.94 -8.79 

10 to 25 -1.65 -24.15 

25 to 50 2.10* 31.13 

> 50 mm 2.20* 74.45 

Mean rainfall intensity 2.60* 19.27 
MMK values in bold indicate the presence of auto-correlation in the time series; Positive/negative Z-value represents 

increasing/decreasing trend; * shows a significant trend for α = 0.05.  
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4 Discussion 
 

4.1 Rainfall variability and trends  
 

For all weather stations, the degree of variability of yearly rainfall, expressed by the low coefficient of variation might 

be linked to atmospheric factors such as the El Niño and La Niña episodes, the position of the Inter-Tropical 

Convergence Zone (ITCZ), the African Easterly Jet (AEJ), and the Tropical Easterly Jet (TEJ) (Tadeyo et al. 2020). 

Recently, a strong linkage was found between annual rainfall variability in Benin and climate oscillation indices such 

as the Pacific Decadal Oscillation, Dipole Mode Index (Ahokpossi 2018). The standardized anomaly of rainfall for 

the weather stations indicated that 50% of negative anomalies occurred between 1970 and 1994. Most negative 

anomalies that occurred between 1970 and 1994 in the three weather stations refer to dry years. In Benin, significant 

droughts occurred over the period 1977-1983 (MCVDD 2019). On the other hand, positive anomalies observed in 

general between 1994 and 2010 indicates the return of wet years.   

For the three weather stations, the dry winter and the post-monsoon season rainfall exhibited a high variability 

indicating that these seasons received less rainfall than the other seasons. During the post-monsoon season, the St. 

Helena High-pressure systems started moving to lower latitudes and the Inter-Tropical Convergence Zone (ITCZ) 

began to return and thereby resulting in this minor rainy season (Ahokpossi 2018). During this period, rainfall became 

erratic and its variability (COV) increased above 30%. From the pre-monsoon season, the coefficient of variation 

(COV) started decreasing indicating the return of rainy season after a long period of drought across all the three 

weather stations. During this season, the Azores high pressure systems started to weaken as the St Helena high pressure 

system began to intensify (Tadeyo et al. 2020). At this moment, the ITCZ rised from its southern position and started 

migrating towards the North which coming with the moisture conditions. The pre-monsoon season is referred to the 

period of the onset of rainy season in the three weather stations (Wabi et al. 2021). The low and moderate variability 

during the monsoon season indicated that rainfall was relatively plentiful. The monsoon season (June to September) 

was the wettest season in the three weather stations, indicating the strength of the St. Helena High-pressure system 

which may have intensified and the moisture-laden South-West Monsoon winds started dominating and pushing the 

Inter-Tropical Convergence Zone (ITCZ) to the North over the country (Benin) (Ahokpossi 2018). The monsoon 

season (June to September) was found as the main seasonal rainfall in many states of Nigeria (Akinsanola and 

Ogunjobi 2017). The high variability of rain in excess of 50 mm per day in the three weather stations indicating that 

this group of rain might be rare, irregular and unpredictable, but when it may occur can result in serious consequences 

such as flooding and topsoil degradation (Salack et al. 2018) while light rainfall, moderate rainfall and heavy rainfall 

were regular and contributed to the seasonal and yearly rainfall in the three weather stations.  

The observed trends in the yearly rainfall shows evidence that the annual rainfall trend is still uncertain across 

region (Ademe et al. 2020; IPCC 2021), since rain is a variable that change with time and space. Similar findings were 

found in Benin climate trends which revealed significant increasing annual rainfall trends (Idrissou et al. 2020) and 

insignificant annual rainfall trends (Ahokpossi 2018). The decrease of rainfall in the pre-monsoon may explain the 

decrease of annual rainfall in the weather station of Savè. Recent studies found dry spells occurring during the pre-

monsoon and the monsoon season in some regions (e.g. Glazoué) in the center of Benin (Niang et al. 2018; Wabi et 

al. 2021). A significant increase of annual rainfall observed at Tanguiéta may be attributed to the significant increase 

of the pre-monsoon season rainfall due to the significant increase of heavy and extreme rainfall. The occurrence of 

significant increasing of heavy and extreme rainfall observed in Tanguiéta may be attributed to climate change. The 
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sixth report from the Intergovernmental Panel on Climate Change (IPCC) projects that extreme rainfall episodes are 

expected to increase in intensity and frequency as a result of climate change (IPCC 2021).  

 

4.2 Potential impact of the observed rainfall trends on agriculture 
 

The ability to detect trends in the long-term rainfall time series is very important to prevent the adverse effects of 

droughts or floods in agricultural production (Gummadi et al. 2018; Salack  et al. 2018; Ademe et al. 2020). In Benin, 

agricultural production depends fundamentally on the climatic conditions, as majority of crop is produced under rain-

fed conditions with only less than 1% into irrigation farming (Malabo Montpellier Panel 2018; Zougmoré et al. 2018; 

Wabi et al. 2021) (Fig. 6). Farmers therefore struggle to adapt to the currently increasing rainfall variability (Ezin et 

al. 2018; MCVDD 2019; Arouna et al. 2021). The observed trends in seasonal, annual and daily rainfall are expected 

to have a significant impact on agriculture.  

The general rainfall increase observed during the post-monsoon season in the three weather stations potentially 

increases flood frequencies during the harvest period of some crops (Fig. 6), which can reduce crop yields. For 

instance, pepper production in both the Sudano-Sahelian bioclimate and Sudanian bioclimate and rain-fed rice crop 

in Sudano-Guinean transition zone may be seriously affected by floods, as the harvest period is entirely in the post-

monsoon season (Fig. 6). 

In the weather station of Savè, the decreasing trends of rainy days and rainfall amount in the whole year as well as 

during the pre-monsoon have a high potential impact on the performance of agricultural systems (Gummadi et al. 

2018; Wabi et al. 2021), threatening future agricultural production in the Sudano-Guinean agro-ecological transition 

zone. The observed trends would increase the prevalence of droughts and ultimately will have a negative impact on 

livestock by the decreasing availability of weeds and grasslands for animal fodder and the availability of water for 

animals (e.g., cattle), as was observed by Idrissou et al. (2020) in Benin. Decreasing trends in both rainfall amounts 

and number of rainy days in the pre-monsoon season are likely to reduce soil moisture content which results in hard 

soils that are difficult to till, thus increasing the risk of the crop failure (e.g., delayed planting times, low seed 

germination and poor seedling growth) for most crops (Fig. 6). Ultimately, the decreasing trends in the number of 

rainy days in the monsoon season coupled with decreasing rainfall in the pre-monsoon season will lead to high 

prevalence of prolonged dry spells and erratic distribution of rainfall that could have a negative impact on agricultural 

production by affecting plant growth, altering the flowering and grain filling phase and reducing crop yields. For 

instance, the sowing period of rain-fed rice, maize, and cucumber crops (Fig. 6) and their grow period may be 

problematic as the planting period is entirely within the monsoon season. This was supported by Ezin et al. (2018) 

who reported that the 2009 rainy season had definitively stopped in June at the beginning of the monsoon season, 

which resulted in significant yield reductions (i.e., maize and tomato). Recently, Niang et al. (2018) reported that the 

long delay in rice planting reduces rice yields during the monsoon season in the Sudano-Guinean transition agro-

ecological zone (e.g. Glazoué). Other studies reported in the Sudano-Guinean transition agro-ecological zone, no 

appropriate date for rain-fed rice, due to the very high probabilities (0.7 to 1) of dry period at flowering stage (Wabi 

et al. 2021). A 20% increase of heavy rainfall is likely to increase the risk of flood while a decrease of light, moderate 

and extreme rainfall may increase the risk of drought and poor spatial distribution of rainfall. Subsequent floods and 

droughts within a year may increase soil erosion and land degradation (Oyerinde et al. 2017; Salack et al. 2018).   

 The increasing trends of rainfall intensity and of annual yearly, pre-monsoon and monsoon rainfall, observed in 

Malanville, will have a positive impact on crop and livestock production systems in the Sudano-Sahelian agro-

ecological zone. However, these trends may negatively affect the harvest period of irrigated rice (Fig.  6) which occurs 
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in the pre-monsoon and monsoon seasons. The insignificant increasing trends observed in heavy rainfall (25 to 50 

mm) and extreme rainfall (> 50 mm) are expected to increase the prevalence of floods and land degradation in this 

region (Salack et al. 2018). Excessive rainfall in the monsoon season may affect the sowing period of many food crops 

(Fig. 6) and can cause waterlogging and severe erosion (Ademe et al. 2020) in the Sudano-Sahelian of the extreme 

North agro-ecological zone. Oyerinde et al. (2017) reported that the majority (90%) of farmers considered floods as 

the major hydrological challenge for crop, livestock-rearing, and fishing in the Sudano-Sahelian agro-ecological zone 

of the extreme North.   

In the Sudanese North-West agro-ecological zone, the increasing trends in the yearly, pre-monsoon and monsoon 

rainfall will have a positive impact on crop and livestock production systems. However, the decreasing trends observed 

in the number of pre-monsoon rainy days may hamper the emergence of yam tubers in the Sudanian zone. Adifon et 

al. (2020) found that the rainfall delay in the pre-monsoon season is a temporal factors that affecting the yield of yams 

in the Sudanian regions of Benin. The significant increases of heavy and extreme rainfall are likely to negatively affect 

the growing season period with a very high risk of floods (Salack et al. 2018). Furthermore, heavy and extreme rainfall 

increase land degradation, runoff and agricultural topsoil erosion (Oyerinde et al. 2017; Ademe et al. 2020), which 

affects soil fertility.  
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Fig. 6. Crop calendar: planting and harvest seasons for main food crops. 
Data assembled from Aho et al. (2018) and FAO (2021). 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Agro-ecological 
zones

Crop Scientific name

Millet Pennisetum glaucum  (L.) R. III

Sorghum Sorghum bicolor  (L.) Moench III

Maize Zea mays  L. III

Rice (irrigated) Oryza sativa  L. III

Rice (rainfed) Oryza sativa  L. III

Cowpea Vigna unguiculata  (L.) Walp III

Soybean Glycine max  (L.) Merr. III

Groundnut Arachis hypogaea  L. III

Potato Solanum tuberosum  L. III  

Okra

Abelmoschus esculentus  (L.) 

Moench III

Tomato Lycopersicon esculentum  Mill. III

Pepper Capsicum  spp. III

Onion Allium cepa  L. III

Yam Dioscorea  spp. III

Maize Zea mays  L. III

Sorghum Sorghum bicolor  (L.) Moench III

Millet

Pennisetum glaucum  (L.) R. 

Br. III

Fonio Digitaria exilis  (Kippist) Stapf III

Rice Oryza sativa  L. III

Cowpea Vigna unguiculata  (L.) Walp. III Planting period-onset

Soybean Glycine max  (L.) Merr. III Planting period-end

Bambara groundnutVigna subterranea L.  Verdc. III Harvesting period-onset

Groundnut Arachis hypogaea  L. III Harvesting period-end III

Sesame Sesamum indicum  L. III 1 First decad

Cassava Manihot esculenta  Crantz III 2 Second decad

Sweet potato Ipomoea batatas (L.) Lam. III 3 Third decad

Taro

Colocasia esculenta  (L.) 

Schott III

Tomato Lycopersicon esculentum  Mill. III

Pepper Capsicum  spp. III

Okra Abelmoschus esculentus  (L.) III
Cucumber Cucumis melo  L. III

Hyacinth bean Dolichos lablab  L. III

Maize Zea mays  L. III

Maize Zea mays  L. III

Millet

Pennisetum glaucum  (L.) R. 

Br. III

Rice Oryza sativa  L. III

Sorghum Sorghum bicolor  (L.) Moench III

Cowpea Vigna unguiculata  (L.) Walp. III

Pigeon pea Cajanus cajan  (L.) Millsp. III

Groundnut Arachis hypogaea  L. III

Soybean Glycine max  (L.) Merr. III

Cassava Manihot esculenta  Crantz III

Sweet potato Ipomoea batatas  (L.) Lam. III

Taro

Colocasia esculenta  (L.) 

Schott III

Yam Dioscorea  spp. III

Cucumber Cucumis melo  L. III

Okra Abelmoschus esculentus  (L.) III

Pepper Capsicum  spp. III

Tomato Lycopersicon esculentum  Mill. III

Post-monsoon 

Legend

Sudano-Sahelian

Feb Mar NovDec Apr May OctJun

Sudano-Guinean

Dry winter Pre-monsoon Monsoon 

Jan Jul

Sudanian

Aug Sep



18 

 

5 Conclusions 
 

Understanding the spatio-temporal variability and trends in annual, seasonal, and daily rainfall can provide useful 

information for better planning water resources management and help to design appropriate adaptation measures in 

agriculture which is largely dependent on weather conditions. The spatio-temporal rainfall variability and trends 

revealed in our study, clearly indicate that in Benin, considerable changes are taking place in terms of annual, seasonal 

and daily rainfall for the 1970-2016 period as they were observed at the weather stations of Savè, Malanville, and 

Tanguiéta in Benin. Globally, moderate-to-high seasonal rainfall and low variability of annual rainfall were observed. 

The standardized anomaly of rainfall for the weather stations indicated that more than 50% of the years in the studies 

period experienced dry years between 1970 and 1994. The variability and trends in yearly and in seasonal rainfall 

were attributed to the daily rainfall. The general rainfall increase observed during the post-monsoon season in the 

three weather stations potentially increases flood frequencies during the harvest period of some crops, which can 

reduce crop yields. In the weather station of Savè, the decreasing trends of rainy days and rainfall amount in the whole 

year as well as during the pre-monsoon have a high potential impact on the performance of agricultural systems. 

However, the increasing trends of rainfall intensity and of annual yearly, pre-monsoon and monsoon rainfall, observed 

in Malanville, will have a positive impact on crop and livestock production systems.  The significant increasing trends 

observed in heavy and extreme rainfall are expected to increase the prevalence of floods and land degradation in 

Tanguiéta.  In general, our findings indicated that the flood risk is expected to be higher in all agro-ecological zones 

under consideration. The observed trends in rainfall can have serious consequences on agricultural production, 

certainly when no adaptation strategies are applied. These findings are extremely important for the management and 

planning of agricultural activities. Agricultural strategies are needed which can mitigate these risks and make 

agricultural production more resilient to the adverse effects of climate change.  
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