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ABSTRACT 
 

One of the manifestations of climate change in the Sahel is a decrease in rainfall, which has led to 
a sharp decline in water potential in the south-central Senegal. The objective of this study is to 
understand the changes in rainfall through time and space, in the south-central Senegal (Fatick and 
Kaolack regions), to better plan water management for sustainable development. The rainfall data 
used ranges from 1961 to 2020 for the sites of Gossas, Foundiougne, Guinguineo and Nioro, and 
from 1951 to 2020 for the sites of Fatick and Kaolack. Pettitt and Buishand break tests were used to 
detect changes in rainfall patterns, Hubert segmentation was used to highlight sub-periods within 
the time series, and Standardized Precipitation Indices (SPI) were used to highlight deficits and 
surpluses. The results of break tests and Hubert segmentation show a decrease in average rainfall 
between the 1960s and 1970s, and an increase between the 1990s and 2000s, for some of the 
sites. The decrease in the 1960s and 1970s was early in sites in the Fatick region (Gossas, Fatick 
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and Foundiougne) and late or absent in the Kaolack region (Guinguineo, Kaolack and Nioro). As for 
the increase in the 1990s and 2000s, it was first observed in the south and center of the study area 
in the 1990s (Nioro and Kaolack). In the 2000s, the increase was observed further north (Fatick and 
Gossas). The Standardized Precipitation Index shows reduced rainfall for 1971-2000 compared to 
the surrounding periods. Coefficient of variation values show that dispersion is lowest in the wetter 
years 1950 for two sites (Fatick and Kaolack), 1990 and 2000 for four sites (Gossas, Foundiougne, 
Guinguineo and Nioro). The highest coefficients of variation were detected in the drought years 
1960, 1970 and 1980 for these four sites (Gossas, Foundiougne, Guinguineo and Nioro). This is not 
the case at the Fatick site, where the coefficients of variation for the 1970s, 1980s and 1990s are 
higher than those for 2000 and 2010. Coefficients of variation increase in the 2010s at five sites 
(Kaolack, Gossas, Foundiougne, Guinguineo and Nioro). The highest coefficients of variation were 
recorded in 2010 in Gossas, Guinguineo and Nioro. The decrease in average rainfall from the 
1960s to the 1990s, and the increase in the 1990s and 2000s detected in most of the study sites, 
corroborates results of other studies from West and Central Africa. 
 

 
Keywords: Climate change; rainfall variability; interannual evolution; South-Central Senegal. 
 

1. INTRODUCTION 
 
The impacts of climate change are clear in the 
Sahel, where rainfall has been strongly affected 
in recent decades. According to Servat et al. [1], 
the drought observed for more than twenty years 
in the Sahelian countries is also felt further south, 
in regions of Africa with more humid climates. In 
the 1970s-1980s, a drastic decrease in rainfall 
was observed throughout West Africa, which 
persisted until the end of the twentieth century 
[2]. West Africa is experiencing a succession of 
dry and rainy climatic episodes punctuated by 
periods of drought whose intensity and spatial 
extension have become exceptional since 1970 
[3]. At the local level, the work of Ndong [4] and 
Sagna [5] concludes that the unfavorable rainfall 
trends noted since the 1970s in the Sahel have 
not spared the Sudanian part of Senegal. In the 
same vein, [6], maintain that the climatic context 
in the groundnut basin is characterized by a 
decrease in rainfall. Climate studies show that in 
addition to the decrease in annual rainfall 
amounts, climate change has also had an impact 
on the number of rainy days, as well as on the 
timing of the start, end, and duration of rainy 
seasons. According to Ndong [4], the decrease in 
rainfall totals since the 1951-1960 rainy decade 
has been accompanied, in general, by a 
decrease in the number of rainy days. In the 
Thies region, [7] showed that cumulative rainfall 
is concentrated in a short rainy season from June 
to October, with maximum rainfall amounts 
observed from July to September. Rainy season 
start dates fluctuate more than end dates, 
meaning that rainy season durations are most 
dependent on start dates [8]. Rainfall variability 
and deterioration are at the root of the decline in 
water resources in the Sahel. The results of 

studies by Goula et al. [9], Jung [10] and Kouassi 
et al. [11] show that climate variability, in 
particular the decrease in annual rainfall 
amounts, has a direct impact on surface water 
resources and groundwater flow. In West Africa, 
drought results in a drastic decrease in river 
flows, or even a cessation of flow in certain 
sections [12,13]. According to Sambou et al. [14], 
climate variability is a reality that is asserting 
itself with notable impacts on water resources at 
a time when demand for water is growing.  
 
The decrease in rainfall and the resulting 
reduction in surface water supplies are likely to 
be a challenge for various water-related 
development projects; hence the interest in 
conducting studies on this climatic variable. The 
objective of this study is to understand the 
changes in rainfall through time and space, in the 
south-central Senegal (Fatick and Kaolack 
regions), to better plan water management for 
sustainable development. 
 

1.1 Study Area 
 
The groundnut basin is located between 14°15' 
and 17°15' West and 13°6' and 16°15' North, 
covering central western Senegal. This study 
focuses on the south-central part of Senegal, 
specifically in the Kaolack and Fatick regions. 
The area is bounded to the north by the Diourbel 
region, to the northwest by the Thies region, to 
the south by the Republic of the Gambia, to the 
east by the Kaffrine region, and to the west by 
the Atlantic Ocean (Fig. 1). It covers an area of 
12 042 km². 
 
The climate of the Fatick and Kaolack regions is 
Sudan-Sahel. The Sudano-Sahelian zone 
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Fig. 1. Location and study sites of the south-central Senegalese groundnut basin 

 
records rainfall between 500 and 1000 mm [15], 
and is characterized by six to eight months of the 
circulation of alize and four to six months of 
monsoon. Alize is a dry trade wind coming from 
the Azores anticyclone and flowing towards the 
Meteorological Equator (ME) without crossing the 
Geographic Equator, whereas the monsoon 
comes from the Saint-Helene anticyclone, travels 
across the ocean where it warms and moistens 
before arriving in West Africa. In Fatick, the 
climate is marked by a Sahelo-Sudanese variant 
(dominated by the circulation of alize) and a 
Sudano-Sahelian variant (marked by a longer 
duration of the monsoon). Fatick is also 
influenced by the maritime climate on the coastal 
part of the departments of Foundiougne and 
Fatick [16]. In Kaolack, continentality 
predominates and the climate is characterized by 
relatively high temperatures, with maximums 
fluctuating between 36 and 37°C over the period 
2000-2019 [17,14].  
 
In Fatick, surface water is composed of the 
perennial rivers of the Sine, Saloum and Gambia, 
as well as their tributaries located in the 
department of Foundiougne, namely the 
Bandiala, Soundougou, Nianing-Bolong and 
Diomboss. There are also temporary waterways 

consisting of marigots and ponds. Groundwater 
is made up of Maastrichtian, Paleocene, Eocene 
and Terminal Continental aquifers [16]. In 
Kaolack, the hydrographic network is made up of 
surface waters: the Saloum River and two 
tributaries of the Gambia River (Baobolong                   
and Miniminiyang Bolong) and groundwater           
[16]. 
 
The population of Fatick and Kaolack regions 
was estimated to be 2.025.792 in 2019, with 
1.155.433 in Kaolack and 870.359 in Fatick 
[16,17]. The area is facing a degradation of 
natural resources, particularly plant resources, 
due to rainfall deficits and human activity. In 
addition, salinization and erosion impoverish 
cropland [16,17]. 
 
2. METHODS 
 
The data, collected by the National Agency of 
Civil Aviation and Meteorology, describe the 
annual and monthly rainfall amounts at the sites 
of Gossas, Foundiougne, Guinguineo, Nioro, 
Fatick and Kaolack (Fig. 1). The data series in 
Gossas, Foundiougne and Guinguineo and Nioro 
extend from 1961 to 2020, and from 1951 to 
2020 for Fatick and Kaolack (Table 1). 
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Table 1. Study sites, with location and duration of rainfall data 
 

Station Type of station Latitude Longitude Years 

Gossas Rainfall 14°30 N 16°5 W 1961-1920 
Foundiougne Rainfall 14°7 N 16°28 W 1961-2020 
Guinguineo Rainfall 14°20 N 15°57 W 1961-2020 
Nioro Rainfall 13°44 N 15°47 W 1961-2020 
Fatick Climatological 14°20 N 16°24 W 1951-2020 
Kaolack Synoptic 14°8 N 16°4 W 1951-2020 

 
To analyze the temporal patterns in rainfall 
described in these time series, we used the 
Pettitt and Buishand break tests, Hubert's 
segmentation, and the Standardized Precipitation 
Index.  
 

The break tests allow us to test stationarity in 
time series of annual rainfall amounts, and to 
determine the timing of any break points at which 
an abrupt change or jump occurs [18].  
 

2.1 Pettitt's Test 
 

Pettitt's test [19] is a non-parametric test used to 
identify breaks in time series, and has previously 
been used to study rainfall data [20,21,14]. 
Pettitt’s test works by decomposing the main 
series of N elements into two subseries at each 
time t between 1 and N-1. The main series has a 
break at time t if the two subseries have different 
distributions. The Pettitt variables (U) are defined 
by the following: 
 

𝑈𝑡, 𝑁 =∑ ∑ 𝐷𝑖𝑗

𝑁

𝑗=𝑡+1

𝑡

𝑖=1

 

 
 

Where Dij = sgn (xi - xj) with sgn (x) = 1 if x > 0; 
sgn (x) = 0 if x = 0, and sgn (x) = -1 if x < 0. 
 

The test is based on the KN statistic, which is 
defined by the maximum absolute value of Ut, N 
for (t) varying from 1 to N-1. The absence of a 
break in the series of size N constitutes the null 
hypothesis H0. If H0 is rejected, the test highlights 
the t at which the break occurs. 
 

Ut, N = Test index 
N = size of the time series 
t = time 
sgn = abbreviation for sign 
KN = maximum absolute value of Ut, N 
 

2.2 Buishand Test 
 
The Buishand test gives well for any change in 
mean occurring in the middle of the series. 

However, the Buishand test is a parametric test 
that assumes a normal distribution of the 
variables in the series, so normalization (Square 
Root, Logarithm, Box and Cox) may be required 
prior to its use. Assuming a uniform a priori 
distribution for the position of the break t, 
Buishand [22] statistic U is defined as: 
 

𝐸𝑞 1: 𝑈 = ∑(𝑆ₖͯ/D𝑥)2/N(N + 1)

𝑁−1

𝑘=1

 

where:  
 

𝐸𝑞 2: 𝑆ₖ =∑(𝑥𝑖 − 𝑥 )

𝑘

𝑖=1

 

 
Sₖ = partial sum  

Dx = standard deviation of the series  
xi = annual rainfall amounts for year i 
x̅ = annual average rainfall for the given period 
 
The null hypothesis means that there is no break 
in the time series. Rejection of the null 
hypothesis means a break in the time series. 
 
The break tests were implemented using XLstat 
software with an alpha level of 0.05 to determine 
the statistical significance of our results. 
 

2.3 Hubert's Segmentation 
 
Hubert’s segmentation is appropriate to search 
for multiple changes in the mean of a time series. 
It provides one or more break times (or possibly 
none) that separate contiguous segments whose 
means are significantly different according to the 
Scheffé test [23]. The Scheffé test is a post-hoc 
test used to determine significant differences 
between group means in an analysis of variance 
[24]. The significance level of the Scheffé test is 
1 %. 
 

2.4 Standardized Precipitation Index 
 
The Standardized Precipitation Index, created by 
McKee et al. [25], is used to characterize rainfall 
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variability. It is calculated according to the 

formula: SPI = 
(𝑿𝒊−𝑿𝒎)

𝑺𝒊
,  

 

Where, 
 

Xi = annual rainfall amounts for year i; Xm = 
annual average rainfall for the given period;  
Si = standard deviation of annual rainfall 
amounts over the same period.  
 

The Standardized Precipitation Index, allows for 
the rapid detection of drought situations and the 
evaluation of their severity. The index defines the 
severity of the drought in different classes. 
Negative annual values indicate a dry year 
compared to the chosen reference period, and 
positive values indicate wet years (Table 2). 
 

Table 2. SPI drought and wetness level 
classification [25] 

 

SPI Value 
Range 

Drought and Wetness 
Level 

SPI ≤−2.0 Extreme drought 
−2.0 < SPI ≤−1.5 Heavy drought 
−1.5< SPI ≤−1.0 Drought 
−1.0 < SPI < 1.0 Normal 
1.5 > SPI ≥ 1.0 Wet 
2.0 > SPI ≥ 1.5 Heavy wet 
SPI ≥ 2.0 Extreme wet 
 

2.5 Coefficients of Variation 
 

We calculated the coefficient of variation of 
annual precipitation as an indicator of the year-
to-year variability in total rainfall. We calculated 
it, for each site, for each decade, and compared 
it between decades to identify changes in rainfall 
variability through time. We did not conduct tests 
of statistical significance for this data. 
 

3. RESULTS 
 

3.1 Rainfall Breaks 
 

Pettitt’s and Buishand tests both show breaks (p 
< 0.01) in the rainfall times series at Fatick and 
Kaolack and (p = 0.021 and p = 0.007) at Nioro. 
While no breaks were detected by Pettitt’s test in 
Gossas (p = 0.297), Foundiougne (p = 0.778) or 
Guinguineo (p = 0.299), breaks were detected by 
the Buishand test in Gossas (p = 0.049), but not 
in Foundiougne (p = 0.247) and Guinguineo (p = 
0.059). 
 

Similar break years were detected for Fatick 
(1969), Kaolack (1971) and Nioro (1998) (Fig. 2 
and Fig. 3). In Fatick, Pettitt’s test detected a 
decrease in average rainfall of 233.1 mm, or 29.3 

%, between 1951-1969 and 1970-2020. In 
Kaolack, the decrease was 216.1 mm, or 27.7 %, 
between 1951-1971 and 1972-2020. In Nioro, 
Pettitt’s test detected an increase in average 
rainfall of 211.4 mm, or 30.2 %, between 1961-
1998 and 1999-2020. These three breaks were 
also detected by the Buishand test. 
 
The Buishand test also detected later increases 
in average rainfall in Gossas and Nioro. In 
Gossas, a break was detected in 2004. Here 
average rainfall increased by 168.7 mm, or 
30.2%, from 1961-2004 to 2005-2020 (Fig. 3). 
 

3.2 Hubert’s Segmentation 
 

Hubert's segmentation detected decreases in 
rainfall in the late 1960s/early 1970s for four of 
the six stations: 1967 for Foundiougne and 
Fatick, 1969 for Gossas, and 1971 for Kaolack. It 
also detected increases in rainfall from 2015 in 
Guinguineo and Nioro, related to the high annual 
rainfall amounts observed across these western 
sites in 2016 and 2017. Additional breaks are 
also identified at individual sites, such as in 
Fatick (2007) and Kaolack (1998) (Table 4). 
 

The decrease in average rainfall in the 1960s 
and 1970s was early in the Fatick region. It was 
detected in 1967 in Fatick and Foundiougne, and 
in 1969 in Gossas. On the other hand, in the 
Kaolack region, the decrease in the 1960s and 
1970s was late or non-existent. It was noted in 
1971 in Kaolack and absent in Guinguineo and 
Nioro (Table 4). So the decrease in the 1960s 
and 1970s is significant at some sites and 
insignificant at others. It is also observed in 
different years at different sites. 
 

The results also show that sites in the Fatick and 
Kaolack regions an early increase in average 
rainfall in the 1990s. The Nioro and Kaolack sites 
each showed an increase in 1998 (Fig. 3 and 
Table 4). While sites located at higher latitudes 
saw an increase in average rainfall in the 2000s. 
The Fatick and Gossas sites showed an increase 
in 2007 and 2004 respectively (Fig. 3 and Table 
4).  
 

3.3 Standardized Precipitation Index (SPI) 
 

The standardized precipitation index (Fig. 4) 
highlights the variability and rainfall deterioration 
of the study sites. It shows the decrease in 
annual rainfall amounts in the 1960s and 1970s 
and the increase in the 1990s and 2000s as 
revealed by the break tests and Hubert 
segmentation.  
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Table 3. p-values from Pettitt’s and Buishand tests for rainfall time series at the six 
meteorological stations. Blue backgrounds indicate statistically significant breaks detected. 

Blue cells indicate detection of a statistically significant break 
 

Sites Pettitt Years of break Buishand Years of break 

Gossas 0,297 No break 0,049 2004 
Fatick 0,003 1969 0,001 1969 

Foundiougne 0,778 No break 0,247 No break 
Guinguineo 0,299 No break 0,059 No break 

Kaolack 0 1971 < 0,0001 1971 
Nioro 0,021 1998 0,007 1998 

Null hypothesis rejected 
      

 
 

Fig. 2. Pettitt’s test of rainfall for Gossas, Foundiougne, Guinguineo and Nioro (1961-2020) and 
Fatick and Kaolack (1951-2020) 

 

Years with negative indices dominate the period 
1971-2000 with more pronounced indices in the 
decade 1971-1980 for most sites. Positive 
indices characterize the decades 1951-1960 and 
1961-1970 the pre-break and the decades 2001-
2010 and 2011-2020 the post-break. Over the 
period 2001-2020, with the exception of the 

Foundiougne site, the indices are higher in the 
decade 2011-2020 (Fig. 4). 
 

3.1 Coefficients of Variation 
 

Coefficients of variation increase in Fatick and 
Kaolack from the 1950s to the 2010s. 
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Fig. 3. The Buishand test of rainfall for Gossas, Foundiougne, Guinguineo and Nioro (1961-2020) and Fatick and Kaolack (1951-2020) 
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Table 4. Hubert segmentation results. Grey cells indicate the end of a segment, prior to the beginning of a new segment, i.e. a break year 
 

Site Segment 1 Segment 2 Segment 3 Segment 4 

Start End Mean Standard deviation Start End Mean Standard deviation Start End Mean Standard deviation Start End Mean Standard deviation 

Gossas 1961 1969 708.3 144.3 1970 2015 550.2 110.2 2016 2017 1483 26.8 2018 2020 527.3 161.4 
Fatick 1951 1967 795.3 161.2 1968 2007 525.4 144.3 2008 2020 687.5 184 

    

Foundiougne 1961 1967 834.2 188.3 1968 2020 629.8 166.5 
        

Guinguineo 1961 2015 605.9 127.3 2016 2017 1561.4 23.1 2018 2020 543.5 152.3 
    

Kaolack 1951 1968 925 135 1969 1971 694.7 165.3 1972 1998 503.8 95.6 1999 2020 642.3 124.8 
Nioro 1961 2015 748,6 181,1 2016 2017 1734.5 54.5 2018 2020 688.7 172.8 

    

Years of break 
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Fig. 4. Standardized Precipitation index for Gossas, Foundiougne, Guinguineo and Nioro 
(1961-2020) and Fatick and Kaolack (1951-2020) 

 

 
 

Fig. 5. Coefficients of variation for Gossas, Foundiougne, Guinguineo and Nioro (1961-2020) 
and Fatick and Kaolack (1951-2020) 
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Coefficients are lower in the wettest years 
(1950s). At four sites (Gossas, Foundiougne, 
Guinguineo and Nioro), coefficients of variation 
are higher in the 1960s, 1970s and 1980s and 
lowest in the 1990s and 2000s. Coefficients 
increase in the 2010s at these five sites 
(Kaolack, Gossas, Foundiougne, Guinguineo and 
Nioro). In Fatick, coefficients in the 1970s, 1980s 
and 1990s remain lower than in the 2000 and 
2010. Gossas, Guinguineo and Nioro show the 
highest coefficients in the 2010s (Fig. 5). 
 
4. DISCUSSION  
 
The results of our analyses show a climatic break 
in the late 1960s/early 1970s in the Fatick and 
Kaolack regions. Pettitt’s and Buishand tests 
detect significant decreases in annual rainfall 
amounts in Fatick (1969) and Kaolack (1971). 
This decrease in annual rainfall amounts is also 
revealed by Hubert's segmentation method, 
which detected a decrease in average rainfall in 
Fatick (1967) and Kaolack (1971), as well as in 
Gossas (1969) and Foundiougne (1967). While a 
decrease in rainfall is visually noticeable for 
Guinguineo and Nioro around the same time 
(Fig. 2 and Fig. 3), no statistically significant 
decrease was detected. Break detection 
methods and Hubert segmentation show that the 
decrease of the 1960s and 1970s was first 
observed at sites in the Fatick region. In the 
Kaolack region, the decrease is late or 
insignificant. The longitudinal position of the two 
regions may explain the early decrease in annual 
rainfall amounts in the Fatick region compared 
with the Kaolack region. A profound decrease in 
rainfall amounts around this time has also been 
found in other studies conducted in Senegal by 
Dacosta et al. (2002), Sarr [26], and Bodian 
[27,28]. These breaks or periods of decrease in 
average rainfall are also generally in line with the 
fluctuation of the rainfall regime observed 
between the late 1960s and early 1970s 
elsewhere in West and Central Africa [1,29-32]. 
In general, drought has been affecting our 
planet's tropical zone since the 1970s [33]. 
 
The decreases in recorded rainfall range from 
22.3 % in Gossas to 33.9 % in Fatick, between 
periods before and after the detected breaks. 
These decreases are in the same range as was 
found by Bodian [28], who found that drought in 
the Senegal River basin has been accompanied 
by a reduction in heavy rainfall (over 50 mm). 
These deficits are also in the same range as 
those reported by Nicholson [34], who noted a 
deficit of 50 % in the Sahel between 1976 and 

1980. Rainfall deficits are also of the same order 
as those obtained by Servat et al. [1] which can 
exceed 25% on the Atlantic coast and in North 
Africa during the decades from 1950 to 1980.  
 
Annual rainfall amounts increase again in the 
1990s and 2000s for some sites, with the 
Buishand test revealing breaks at Gossas (2004) 
and Pettitt and Buishand tests detecting breaks 
at Nioro (1998). Such increases are also 
detected by Hubert’s segmentation in Fatick 
(2007) and Kaolack (1998). It was in the 1990s 
that the increase in annual rainfall amounts was 
first recorded in the south and center of Fatick 
and Kaolack regions. In the north, however, the 
increase was mostly observed in the 2000s. The 
decrease in rainfall amounts from the south to 
the north of Senegal explains this disparity. 
Indeed, sites located further south, in the Fatick 
and Kaolack regions, record higher rainfall than 
those at higher latitudes, due to the presence of 
the southerly monsoon. These results are in line 
with those of Mahé et Paturel [35], who found 
that in the West African zone, rainfall decreased 
in the 1970s and then increased in the 2000s, 
particularly in the Sahelian zone. In the same 
vein, [36] maintain that the period 1995-2004 
shows some increase in the upper Senegal River 
Basin. It is true that rainfall for the five-year 
period 2000-2004 is close to the average for the 
period 1950-2004, but this means that it is far 
removed from that of the period 1950-1969 [36]. 
Rainfall trends are regional and do not only 
concern the south-central Senegal. The area 
affected by drought in Burkina Faso has also 
been reduced since 1994 [37]. The increase in 
rainfall observed around the 1990s in the West 
African Sahel is due mainly to an increase in 
daily rainfall events of high intensity [38,39]. The 
increase in the 1990s and 2000s did not seem to 
affect the sites in Foundiougne and Guinguineo. 
The increase in rainfall amounts in the 2000s at 
certain sites in the Fatick and Kaolack regions, 
and in the Sahel in general can be explained by 
an increase in the length of rainy seasons, the 
number of rainy days, the intensity of the rains, 
an early start and late end to the rainy seasons. 
 
The standardized precipitation indices also show 
a predominance of negative indices for the 
period 1971-2000. The positive indices mark the 
years before the breaks in the 1950s and 1960s, 
and after the breaks in the 2000s and 2010s. In 
the same vein, coefficients of variation are lower 
in the rainy years 1950, 1990 and 2000. On the 
other hand, they are higher in the dry years 
1960, 1970 and 1980, except in Fatick. 
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Coefficients of variation increase in the 2010s 
and remain higher for some sites. These 
standardized indices are consistent with the 
results of Paturel et al. (1996), Lubès-Niel et al. 
(2001), Ardoin-Bardin et al. [40], Ali, Lebel [2]. 
The contrast between the wetter years of 1950-
1969 and the drier years of 1970-2004 is also 
highlighted by Faye et al. [36]. For Senegal as a 
whole, the period from 1940 to 1969 was 
characterized by an overall high amount of 
rainfall, the period from 1970 to 1998 
corresponds to the great drought [41], and the 
period from 1999 to 2013 records a return to 
wetter conditions. According to Diallo et al. [14], 
in the Thies region, during the 1960s and 2000s, 
rainfall surpluses predominated, whereas the 
1970s, 1980s and 1990s were marked by large 
deficits. According to Sambou et al. [14], the 
decades 1938-1947, 1948-1957 and 1958-1967 
were wet, while the decades 1968-1977 and 
1978-1987 were very dry. Similarly, the periods 
1900-1950 and 1995-2015 can be considered as 
periods of average rainfall, with the periods 
1951-1967 and 1968-1995 being wet and dry 
periods respectively [42-44].  
 

5. CONCLUSION 
 
Annual rainfall data for six sites in the Fatick and 
Kaolack regions were tested for climatic breaks 
using Pettitt’s and Buishand break tests, then 
analyzed with Hubert's segmentation method 
and using the Standardized Precipitation Index. 
 
The data show decreases in annual rainfall 
amounts of 20-30 % in the late 1960s and early 
1970s in Gossas, Foundiougne (1961-2020) and 
Fatick and Kaolack (1951-2020). Statistically 
non-significant decreases in annual rainfall 
amounts were also observed in the late 1960s 
and early 1970s at Nioro and Guinguineo. The 
decrease in annual rainfall amounts was 
observed in the 1960s for sites in the Fatick 
region. In the Kaolack region, on the other hand, 
the decrease is either insignificant or detected in 
the 1970s. 
 
An increase in annual rainfall amounts of 20-30% 
was also noted in the 1990s and 2000s in 
Gossas, Fatick, Kaolack and Nioro. In the                  
south and south-central parts of the study area, 
the increase in annual rainfall amounts was 
observed in the 1990s (Nioro and                         
Kaolack). However, further north, the increase 
was recorded in the 2000s (Fatick and               
Gossas).  
 

Thus, the period 1971-2000 is characterized by 
years with rainfall deficits, most pronounced in 
the decade 1971-1980. More abundant rainfall 
amounts predominate at the beginning and end 
of the time series. 
 
Coefficients of variation increase in Fatick and 
Kaolack from the 1950s to the 2010s. 
Coefficients of variation are highest in the dry 
years 1960, 1970 and 1980 at four sites 
(Gossas, Foundiougne, Guinguineo and Nioro). 
On the other hand, they are lower for the wet 
years 1950 (Fatick and Kaolack), 1990 and 2000 
(Gossas, Foundiougne, Guinguineo and Nioro). 
In Fatick, coefficients of variation are lower in the 
dry years 1970, 1980 and 1990 than in the wet 
years 2000 and 2010. Coefficients of variation 
increase in the 2010s at five sites (Kaolack, 
Gossas, Foundiougne, Guinguineo and Nioro). 
Gossas, Guinguineo and Nioro show the highest 
coefficients of variation in the 2010s. 
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