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Abstract
Rainfall spatio-temporal variation, particularly in Sahelian countries, has been subject of much reflection within scientific community. In addition to countless challenges faced by farmers in carrying out their activities, they have been confronted in recent years with the effects of climate change. Faced with this phenomenon, each country must develop its own specific measures to improve well-being of its population. This study aims to detect breaks in the rainfall time series in order to assess their relevance as indicators of climate variability. To this end, rainfall data were subjected to statistical analyses based on break and trend detection tests to identify any significant changes in rainfall patterns during the study period (1951-2025). Thus, Pettit, Hubert, Buishand, and Lee-Heghinian tests available in KHRONOSTAT software were implemented at a significance level of 10% due to their power, robustness, and popularity among climatologists. Thus, the results obtained are consistent and revealing. At annual scale, a downward break was detected in 1971 by Buishand ellipse and the Pettit test with a probability of 0.0566. Hubert test placed the break in 1967, while Lee-Heghinian test placed it in 1958 with a probability of 0.1688. At monthly scale, an upward break was observed in May by the Buishand ellipse and the Lee-Heghinian test with a probability of 0.2803. Hubert test indicates June and the Pettit test indicates April, with a probability of 0.0751. In summary, the results highlight the existence of breaks marking a change in rainfall patterns, reflecting an evolution of climatic conditions in the region. This situation is likely to affect water resources, agricultural systems, and local ecosystems. The study thus confirms that detecting breaks in rainfall series is a relevant tool for monitoring climate variability and provides useful information for planning adaptation strategies and the sustainable management of natural resources in southern Senegal.
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1. Introduction
Issues related to climate change and variability are at the heart of major contemporary concerns for scientists [1] and policymakers worldwide due to their immediate and lasting repercussions on the natural environment [2]. According to [3], the climate variations observed in recent decades have significantly impacted water resources on the African continent. Climate is a natural resource that affects most human activities, such as agricultural production, energy consumption, and the use of certain resources like water [4]. Therefore, there is a particular interest in studying climate variability and water resources for both populations and ecosystems [5]. Climate studies have garnered global attention following several large-scale events, such as the drought that affected both tropical belts of our planet, particularly the Sahelian countries of West Africa [6]. In the opinion of [7], the water cycle is one of the major manifestations of climate, and consequently, monitoring it will allow us to understand certain aspects of climate change. Variables suitable for climate monitoring include river flows, lake levels, precipitation, temperatures, and groundwater levels [8,9]. Numerous studies on climate variability conducted in West Africa [10, 11, 12, 13, 14, 15] show a trend toward drought beginning in 1960. Most climate characterization studies are based on annual and monthly measurements of local atmospheric data [4]. Statistical tests are one of the methods generally used to demonstrate the stationarity of a time series of data by detecting breaks, trends, and their directions [16]. During the last century, the analysis of precipitation and temperature over long time series has become a focus for highlighting climate change and its socio-economic and environmental consequences [4]. The possible changes in climate variables can be reduced to two types of change : variation in the mean and variation in the variance [17]. In Senegal, research in this area most often focuses on monitoring rainfall, particularly in the southern part of the country. Rainfall, it should be remembered, is the most important factor influencing climate. This study focuses on the Kolda region and aims to characterize the climate based on monthly and annual rainfall data recorded at the Kolda station [18]. This region was chosen because more than 90% of the local population relies on rain-fed agriculture. Therefore, understanding events related to climate variability and instability, as well as their relationship to water resources, is crucial. To this end, we conducted a statistical analysis based on homogeneity tests (Pettit, Hubert, Lee, and Heghinian tests, and Buishand's ellipse test). The Khronostat software, which enables such analysis, was used at a significance level of 10% to detect abrupt changes and identify the direction and magnitude of the trend. The data used in this study comes from the ANACIM (National Agency for Civil Aviation and Meteorology) database, which guarantees its quality and reliability. Our aim in this study is to establish the link between climate instability and water availability, in order to develop strategies for the sustainable and efficient management of water resources.	Comment by Erma Pradnyani: Using reference manager?

2. Presentation of the Physical Environment
Kolda is one of the 14 administrative regions of Senegal, located in the Upper Casamance region between latitudes 12°20' and 13°40' north and longitudes 13° and 16° west. It is bordered to the north by The Gambia, to the south by Guinea-Bissau and Guinea-Conakry, to the east by the Tambacounda region, and to the west by the Sédhiou region [18] (Figure I.1). The region covers an area of ​​13,721 km², representing 7% of the national territory. The climate in the Kolda region is hot and dry, of the South Sudanese type [19]. It is characterized by an alternating rainy season from June to October, with a peak between August and September, and a dry season from November to May. Rainfall is favorable, sometimes exceeding 1000 mm per year over 72 rainy days [20]. Average annual temperatures reach 28°C and exhibit significant temperature variations, with a minimum of 20.3°C and a maximum of 35.4°C [21]. These temperatures, combined with sunshine exceeding 2500 hours per year, high radiation levels of approximately 580 cal/cm²/day, and a relative humidity of 97% during the rainy season, result in a potential annual evapotranspiration of around 2100 mm. The prevailing winds are the hot, dry continental trade wind (from the northeast) and the hot, humid monsoon (from the southeast), which bring rain [22]. Kolda region is partially flat, sloping towards the river (over 700 ha) [23, 24]. Soil studies conducted in the region have identified different soil types, predominantly clayey : Vertisols, raw mineral soils or raw soils, hydromorphic soils, poorly developed colluvial soils, red soils, ochre (ferruginous) soils, and beige soils [25, 26, 27]. Kolda is a wooded region, a savanna forest [28]. The Kolda region's hydrographic network consists of a main watercourse : the Casamance River and its tributaries [18]. Its hydrological regime is seasonal, with flow observed from June to March, and the river is dry in places for the rest of the year [24]. The minimum daily water level varies from 0.64 m between January and June to a maximum daily water level of 3.29 m between July and September [29]. The geology of the region appears very simple. With the exception of the southeastern sector, there is only one very homogeneous facies due to continental deposits [26]. The Kolda region is characterized by the existence of several underground aquifers that are constantly replenished due to high rainfall and the presence of a fault network (the shallow aquifer, the semi-deep aquifer, and the Maastrichtian aquifer) [24]. The region's economy is based primarily on agriculture and livestock farming. Agricultural activities employ approximately 80% of the region's workforce for a period of 8 to 9 months of the year. Livestock farming is the second largest activity in the primary sector after agriculture. It constitutes a source of income and protein through the sale and consumption of animal products such as meat and milk [30]. These various activities contribute to reducing youth unemployment through the direct and indirect jobs they generate. Its privileged position gives it enormous geostrategic potential in the economic, social and cultural dynamics of the sub-region [31].
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 Figure 1. Location of the Kolda region	Comment by Erma Pradnyani: It is best to include the image source
3. Climate hazard and water availability
Climate insecurity and water availability are closely linked : climate change disrupts the water cycle [32].
3.1. Water Insecurity
Climate change, which is now an undeniable reality, has a significant impact on water resources. Indicators of water insecurity primarily concern [33] :
· Freshwater scarcity : Rising temperatures lead to more frequent and intense droughts, drying up freshwater sources and accelerating desertification ;	Comment by Erma Pradnyani: It might be better to use abc/123 instead of symbols
· Extreme events : Climate change intensifies flooding, which can contaminate drinking water reserves, and salinization of coastal aquifers due to rising sea levels ;
· Impact on sectors : Agriculture, the largest consumer of water, is particularly vulnerable because it depends on often unreliable rainfall. Access to water is also threatened for energy production, industry, drinking water, and sanitation.
3.2. Consequences
The effects of climate change on access to water are numerous, including [34] :
· Health : Lack of access to safe drinking water increases the risk of disease ;
· Food : Decreased agricultural productivity due to water scarcity leads to food crises, increased food prices, and food insecurity ;
· Social and economic :
· Inequalities : The most vulnerable populations are the most affected, exacerbating inequalities ;
· Population displacement : Water scarcity and environmental degradation force people to migrate ;
· Conflicts : Competition for access to water resources can trigger or exacerbate tensions and conflicts.
Only integrated and sustainable water management will be able to help humanity meet the challenges related to water availability, extreme weather events and uncertainty about the resource, and thus ensure water security and achieve the Sustainable Development Goals [35].
4. Materials and Methods
4.1. Hypothesis Testing
The ultimate goal of a hypothesis test is to decide between two hypotheses, only one of which is true based on the results of a sample [36]: one, called the null or fundamental hypothesis (H0), and the other, called the alternative hypothesis (H1). The null hypothesis H0 corresponds to a non-effect of the experiment ; this is what we will either reject or accept. The alternative hypothesis H1 is the hypothesis we seek to prove ; it is the 'opposite' or 'contrary' hypothesis to the null hypothesis. Above all, a hypothesis is an attempt to explain how a phenomenon works or an approach consisting of an evaluation based on a set of data (sample). According to [37], the null hypothesis corresponds to a stationary situation, while the alternative hypothesis reflects a change (break or trend). The fundamental concept of the test is the probability of being wrong. There are two ways to make an error in a statistical test :	Comment by Erma Pradnyani: It’s probably best not to go into detail about this
· Type I error, alpha (α) : rejecting the null hypothesis H0 when it is true : this is a "false positive" (or Type I error), and the probability of being wrong in this direction is α ;
· Type II error, beta (β) : accepting the null hypothesis when it is false : this is a "false negative" (or Type II error), and the probability of being wrong in this direction is generally β.
The ideal solution is to minimize both types of errors, but in a sample, reducing the risk of Type I errors increases the risk of Type II errors [38]. In practice, the Type I error is minimized, and a probability α is assigned to it. This probability of making a Type I error is called the significance level of the test. It allows us to define the confidence level of the test. Knowing this probability α, we can deduce that the risk of type II error is of the form (1 - α) [39].
4.2. Break Detection Test
4.2.1. Concept of Break
A break in a series of random variables is defined as a change, over time, in their probability distribution [38]. According to [37], this change in the probability distribution of the time series occurs at a time that is most often unknown. [40] define a break as a significant change in the mean in the series of annual precipitation identified by all the procedures applied. [41] concur, stating that this change can manifest itself as a change in the mean, variance, correlation structure, or even the underlying distribution of the data. Most of the time, the mean of the data before and after the break will not be the same ; this is called an abrupt break. In other cases, a trend appears after the break, hence the lack of trend detection [42]. Furthermore, there are several types of breaks that are less pronounced than changes in the distribution. These include, among others, changes in the mean or variance. According to [43], break detection procedures can be classified into two categories :
· tests for unidimensional distributions ;	Comment by Erma Pradnyani: idem
· tests for multidimensional distributions
4.2.2. Importance of a Break Test
Break detection is crucial for several reasons [44]:
· Prediction : A model built on data containing an undetected break can generate erroneous predictions ;
· Causal analysis : Breaks can indicate external events that have impacted the system under study ;
· Quality control : In some contexts, breaks can signal technical problems or process changes.
4.2.3. Break Test's Choosing
The choice of a statistical test depends on its reliability, precision, adaptability, precision, and above all, its robustness. The key steps for choosing a breakdown test are [37]:
· Define the objective of the study : (identify breakpoints in a time series to detect changes in distribution, test the stability of parameters, etc.) ;
· Consider the nature of the data (normal or non-normal), continuous quantitative variables, or other types of variables ;
· Choose between a parametric test (if the data follow a normal distribution) or a non-parametric test (if the data do not follow a normal distribution or if the number of observations is small) ;
· Consider the context and complexity ; 
· Offline model : The data sample is complete and known in advance ;
· Online model : Observations arrive sequentially, and rapid detection is necessary ;
· Number of breaks : Some tests are designed to detect a single break, while others can identify multiple breaks.
· Verify the application conditions.
Some parametric tests require homogeneity of variances. If this condition is not met, another test may be necessary [45]. In this study, we used the Pettitt, Buishand, Hubert, and Lee and Heghinian tests incorporated into the Khronostat software.
4. 3. Presentation of Khronostat software
[image: ]Khronostat is a statistical model developed by the IRD (French Research Institute for Development) at the Maison des Sciences de l'Eau (MSE) in Montpellier [46]. It was developed as part of a study on climate variability in West and Central Africa and focuses on the analysis of hydroclimatic series [47]. It can be run on an annual, monthly, or daily scale, depending on the requirements. It is also adaptable to all variables (climatic, hydrological, meteorological, etc.) [17]. The first category of tests included in Khronostat concerns the randomness of the series (rank correlation test and autocorrelogram test); these tests are subject to the constancy of the series mean throughout its observation period. The second category of tests concerns the homogeneity of the series (Pettitt test, Buishand test, Hubert test, Lee & Heghinian test) [4] (figure 2). The choice of Khronostat software in this study is justified by the robustness of its tests and its success in several similar studies in sub-Saharan Africa. It is also highly recommended by meteorologists and climatologists worldwide for drought monitoring. However, this software does not account for gaps in the data series being analyzed [7].
  Figure 2. Tests available in the Khronostat software	Comment by Erma Pradnyani: It’s manual picture?
4. 3. Data and Application
In this study, we focused on precipitation data from the ANACIM (National Agency for Civil Aviation and Meteorology) database over a 75-year period (1951-2025). This structure guarantees the quality and reliability of the time series used. The choice of this parameter is justified by the fact that [7] :
· it is the most widely used climatic parameter for reliable diagnosis and analysis of climate and its spatial evolution ;
· it plays a key role in the planning and sustainable management of water resources;
· it is the main source of water for agricultural production, with irrigation covering only 10% of cultivated land;
· the time series is complete and without gaps, as required by the Khronostat model.

The objective of this study is twofold : firstly, to identify the different climatic situations and characteristics of the study area during this period ; secondly, to highlight the general distribution of precipitation in order to assess its spatial and temporal extent. To do this, we conducted an analysis based on break tests (Pettitt, Hubert, Buishand, and Lee-Heghinian tests) at a significance level of 10% using Khronostat software. Regardless of the test used, the statistical steps are as follows :
· Define the null hypothesis H₀ (hypothesis test) and the alternative hypothesis ;
· Calculate the value of the decision variable from the data ;
· Define the significance level of the test (denoted α) ;
· Consult the table of values ​​corresponding to the reference value of the variable according to the test used ;
· Make a decision regarding the formulated hypothesis and interpret the result : reject or accept the null hypothesis H0.
The information obtained from such a study would constitute key elements for in-depth reflection on the phenomena contributing to the fight against climate change and for understanding the link between climate instability and water resource instability. This is an important step for the estimation and sustainable management of water resources.
5. Results and analysis
We will present the results of the various break tests on the annual and monthly rainfall series recorded at the Kolda station. This is to verify the null hypothesis of an absence of break.
5.1. Annual Homogeneity Tests
· Buishand Test and Bois Ellipse
The Buishand test, applied to the annual rainfall series from the Kolda station over the period 1951–2025, reveals a significant break at the 90% confidence level, thus leading to the rejection of the null hypothesis of no break (Table 1). This conclusion is corroborated by the analysis of the Bois ellipse, which provides a graphical representation of the test. Indeed, according to this criterion, the null hypothesis is rejected when a significant number of points lie outside the confidence ellipse, while it is accepted when all or almost all of the points remain within it. Examination of Figure 3 shows that at the 10% significance level, the Bois ellipse does not encompass the entire point cloud, which confirms the existence of a break in the rainfall series. The analysis indicates that this break occurred in 1971, the year corresponding to the maximum of the cumulative sum of deviations from the mean, in accordance with the Buishand test. These results thus lead to the rejection of the null hypothesis and highlight a significant change in the rainfall pattern from that year onward.
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Table1: Results of the Buishand test for annual rainfall
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· Hubert's Segmentation Test
Hubert segmentation allows us to identify changes in mean within a time series and to assess its homogeneity. The null hypothesis assumes that the series is homogeneous, that is, that it shows no breaks. The results obtained (Figure 4), at a significance level of 10%, highlight the existence of at least one significant break in the annual precipitation series, thus leading to the rejection of the null hypothesis. The detected break is located in 1967 and is characterized by a decrease in mean precipitation, reflecting a shift towards a drier rainfall pattern.

[bookmark: _Toc223440992][bookmark: _Toc223441482][bookmark: _Toc223442833][bookmark: _Toc223448199][bookmark: _Toc223520037][bookmark: _Toc223653295][bookmark: _Toc224551228][bookmark: _Toc227496172][bookmark: _Toc227761532][bookmark: _Toc227774317][bookmark: _Toc229145805][bookmark: _Toc229146615][bookmark: _Toc230877221]
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· Pettitt Test
The Pettitt test is based on the null hypothesis that the series is homogeneous, meaning that it shows no breaks. This hypothesis is rejected when the probability associated with the test (p-value) is less than the chosen significance level, set here at 10%. The results obtained using the Khronostat software (Table 2 and Figure 5) show that the probability of exceeding the test statistic is 0.0566, a value less than the threshold of 0.10. The null hypothesis is therefore rejected with a 90% confidence level, highlighting a significant break in the annual rainfall series. This break is located in 1971, the year identified by the Pettitt test as the point of change in the rainfall regime.
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Table 2 : Results of Pettit's test for annual rainfall

Figure 5. Pettit’s test diagram of annual rainfall 
· Lee et Heghinian Test
[bookmark: _Toc227761046]The Lee-Heghinian Bayesian method, applied to the rainfall series from the Kolda station, allowed us to estimate the probability distribution of the break magnitude (Figure 6), to assess the probability of a mean change for each year of the study period (Figure 7), and to identify the most probable date of this change. The results obtained highlight the existence of a break in the rainfall series. Indeed, the Lee-Heghinian test identifies 1958 as the most probable date of the break, with a posteriori probability of 0.1688, thus confirming the hypothesis of a significant change in the rainfall regime. This result is confirmed by previous tests, which strengthens the reliability of detecting a change in the rainfall regime during the study period.
      In summary, the various statistical tests applied to the Kolda station's rainfall series highlight the existence of a break in the rainfall regime. The Pettitt, Buishand, Hubert and Lee-Heghinian tests generally converge towards a break located in the early 1970s, corresponding to the beginning of the great Sahelian drought, although some differences appear in the exact date due to the methodological specificities of each test.

  Table 3 : Results of Pettit's test for annual rainfall
	Station 
	Study period
	Null Hypothesis
	Probability
	Year of rupture

	KOLDA
	1951 /2025
	rejected at the 90% threshold
	0,1688
	1958
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[bookmark: _Toc223526424]Figure 7. Lee and Heghinian test diagram of annual rainfall

5. 2. Monthly homogeneity tests
· Buishand test and Bois ellipse
The results of the Buishand test applied to the monthly rainfall series are presented in Table 4, while the corresponding graphical representation of the Bois ellipse is shown in Figure 8. Analysis of these results shows that at a significance level of 10% (90% confidence level), the Buishand test reveals a significant break in the monthly rainfall series. This conclusion is confirmed by the analysis of the Bois ellipse, which shows that the scatter plot is not entirely contained within the confidence ellipse. The presence of several points located outside this ellipse thus indicates a break in the homogeneity of the series.
Examination of the test statistic indicates that this break is located in May, which corresponds to the minimum value of the cumulative sum of deviations from the mean according to the Bois ellipse test. Consequently, the null hypothesis of homogeneity is rejected, which highlights the existence of a significant break in the monthly rainfall regime at the Kolda station.

	[bookmark: _Toc223441025][bookmark: _Toc223441515][bookmark: _Toc223442866][bookmark: _Toc223448232][bookmark: _Toc223520070][bookmark: _Toc223653323][bookmark: _Toc224551256][bookmark: _Toc227496196][bookmark: _Toc227761556][bookmark: _Toc227774341][bookmark: _Toc229145829][bookmark: _Toc229146639][bookmark: _Toc230877245][bookmark: _Toc223441045][bookmark: _Toc223441535][bookmark: _Toc223442886][bookmark: _Toc223448252][bookmark: _Toc223520090][bookmark: _Toc223653342][bookmark: _Toc224551275][bookmark: _Toc227496215][bookmark: _Toc227761571][bookmark: _Toc227774356][bookmark: _Toc229145844][bookmark: _Toc229146654][bookmark: _Toc230877259]Station
	Study period
	Null Hypothesis
	Series type
Chronological
	      Confidence threshold
[bookmark: _Toc227761564][bookmark: _Toc227774349][bookmark: _Toc229145837][bookmark: _Toc229146647][bookmark: _Toc230877253]
                 90%

	[bookmark: _Toc223441036][bookmark: _Toc223441526][bookmark: _Toc223442877][bookmark: _Toc223448243][bookmark: _Toc223520081][bookmark: _Toc223653334][bookmark: _Toc224551267][bookmark: _Toc227496207][bookmark: _Toc227761565][bookmark: _Toc227774350][bookmark: _Toc229145838][bookmark: _Toc229146648][bookmark: _Toc230877254]KOLDA
	[bookmark: _Toc223441037][bookmark: _Toc223441527][bookmark: _Toc223442878][bookmark: _Toc223448244][bookmark: _Toc223520082][bookmark: _Toc223653335][bookmark: _Toc224551268][bookmark: _Toc227496208][bookmark: _Toc227761566][bookmark: _Toc227774351][bookmark: _Toc229145839][bookmark: _Toc229146649][bookmark: _Toc230877255]1951 /2025
	[bookmark: _Toc227761570][bookmark: _Toc227774355][bookmark: _Toc229145843][bookmark: _Toc229146653][bookmark: _Toc230877258]Rejeted	Comment by Erma Pradnyani: idem
	Random
	


[bookmark: _Toc227761047]Table 4 : Results of the Buishand test of average monthly rainfall over the period (1951-2025)

[bookmark: _Toc223526425]  Figure 8. Ellipse of average monthly rainfall over the period (1951-2025)

· Hubert's Segmentation Test
[bookmark: _Toc230877262]The results of the Hubert segmentation test applied to the monthly rainfall series are presented in Table 5, while the corresponding graphical representation is shown in Figure 9. Analysis of the results shows that at a significance level of 10% (90% confidence level), the test reveals a significant break in the series, thus leading to the rejection of the null hypothesis of homogeneity. This break is located in June, reflecting a significant change in the monthly rainfall pattern. The segmentation highlights an upward break, characterized by an increase in the average rainfall starting in June. This result marks the beginning of the rainy season and foreshadows the increase in rainfall totals generally observed between July and September, a period corresponding to the heart of the wet season in the Kolda region. Consequently, the monthly rainfall series cannot be considered homogeneous, which confirms the existence of a significant change in its behavior throughout the year.
Table 5 : Results of the Hubert test of average monthly rainfall over the period (1951-2025)
	Start
	End
	Average
	Standard deviation

	January
	December
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The results of the Pettitt test applied to the monthly rainfall series are presented in Table 6 and illustrated in Figure 10. Analysis of these results, performed at a significance level of 10% (90% confidence level), reveals a significant break in the monthly rainfall series for the Kolda station. Indeed, the probability associated with the test (p-value) is 0.0751 for the month of April, a value lower than the chosen significance level (α = 0.10). The null hypothesis of homogeneity is thus rejected, confirming the existence of a break in the series. The month of April is identified as the point of change, marking a significant modification in the behavior of monthly rainfall.

Table 6 : Results of the Pettit test for average monthly rainfall
[bookmark: _Toc223526427]      Figure 10. Pettit test diagram of average monthly rainfall over the period (1951-2025)

· Lee and Heghinian test
The results of the Lee-Heghinian Bayesian test applied to the monthly rainfall series are presented in Table 7, while Figures 11 and 12 illustrate the associated graphical representations. Analysis of the results shows that at a significance level of 10% (90% confidence level), the test reveals a significant break in the series, thus leading to the rejection of the null hypothesis of no break. The posterior probability distribution indicates that May corresponds to the most probable point of change, with a probability of 0.2803. The graphical results confirm this estimate by locating the break at this time. These observations show that the monthly rainfall series is not homogeneous and that it underwent a significant change in its regime during the year. In summary, the various statistical tests applied to the monthly rainfall series from the Kolda station highlight the existence of a break in the rainfall regime over the study period. The Pettitt, Buishand, Hubert and Lee-Heghinian tests generally converge towards May, although some differences appear in the exact date due to the methodological specificities of each test.
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	Station 
	Study period
	Null Hypothesis
	Probability
	breakup month

	KOLDA
	1951/2025
	rejected at the 90% threshold
	0,2803
	May 




[bookmark: _Toc223526428]Figure 11. Probability density of average monthly rainfall over the period (1951-2025)

[bookmark: _Toc223526429]Figure 12. Lee and Heghinian diagram of average monthly rainfall over the period (1951-2025)

6. Discussion 
Analysis of annual rainfall series from the Kolda station over the period 1951–2025, performed using the KHRONOSTAT software, highlights the existence of rainfall regime changes reflecting the climatic variability observed in West Africa. The Pettitt, Buishand, Lee-Heghinian statistical tests and Hubert segmentation are particularly well-suited to detecting mean breaks in climatic time series and are reference tools in hydroclimatic studies. In most studies conducted in Senegal, the breaks detected are primarily located in the late 1960s and early 1970s, corresponding to the onset of the major Sahelian drought. A second break is often identified between the late 1990s and early 2000s, reflecting a partial resumption of rainfall without a return to pre-1970 levels. For the Kolda station, while the results indicate a significant break (for example, around 1958 according to Lee-Heghinian and 1967 according to Hubert), this date corresponds to a change in the rainfall regime characterized by a decrease in precipitation compared to the preceding period. A recent study focusing specifically on Kolda shows that the Bayesian methods of Lee-Heghinian and Hubert identify a break around 1991. Furthermore, a study conducted by [48] across Senegal showed an initial break occurring in 1969 for the southern Sahelian zone and in 1967 for the northern and southern Sudanian zones, according to the Pettitt test. The Lee-Heghinian test, like the Hubert test, places the first break in 1967 for all of Senegal (with the same dates as the Pettitt test for the three distinct zones). In short, an analysis of the breaks found for all stations shows that, in general, the first break occurs between 1967 and 1969, according to the work of [48]. For the Kolda station, the Pettitt and Buishand tests detect a break that is not statistically significant in 1971. However, the Buishand test has a sensitivity that depends on the confidence level used. This discrepancy is normal since each method relies on different statistical assumptions. The differences between the break dates obtained by the different tests do not call into question the reality of climate change. The Pettitt test is a non-parametric test sensitive to a sudden change in the mean. The Buishand test assumes a distribution close to normality and detects changes affecting the mean of the series. The Lee-Heghinian Bayesian method estimates the probability of the break date, while Hubert segmentation can identify several homogeneous phases when the series exhibits multiple successive changes. Consequently, these methods often suggest slightly different dates for the same rainfall series. The breaks highlighted reflect the effects of regional climate variability affecting the whole of West Africa. The decline in rainfall observed after the 1960s is generally attributed to changes in atmospheric circulation, variations in the surface temperature of the Atlantic and Indian Oceans, and fluctuations in the West African monsoon. Since the 1990s, a relative recovery in rainfall has been observed in several regions, but this is accompanied by an increase in interannual variability and a higher frequency of extreme events (droughts and intense rainfall). These results have important implications for water resource management, rainfed agriculture, and land-use planning in the Kolda region. A disruption in the rainfall pattern alters surface and groundwater availability, influences agricultural calendars, and increases the vulnerability of populations to climate hazards. Therefore, considering these changes is essential in developing climate change adaptation strategies. Ultimately, the results obtained with KHRONOSTAT confirm that rainfall at the Kolda station does not exhibit stationary behavior over the period 1951–2025. The disruptions detected by the various statistical tests constitute robust indicators of regional climate variability. Despite some differences in the dates of disruption proposed by the methods, all the analyses converge on the existence of a reorganization of the rainfall pattern, characterized by a deficit phase linked to the Sahelian drought followed by a partial recovery of rainfall in recent decades, without a sustained return to the rainfall levels observed before the 1970s.

7. Conclusion 
This article focuses on the Kolda region in Upper Casamance, in the southern part of Senegal. The economy of this region is primarily dominated by the primary sector, particularly rainfed agriculture, livestock farming, and forestry. Indeed, rainfall constitutes the main source of water for agricultural production in this area. As the water cycle is one of the main components of the climate, the impact of its changes on rainfall patterns is significant ; therefore, monitoring it will allow us to understand aspects of its evolution. The variable best suited to climate monitoring is rainfall. To this end, a statistical study using this parameter was conducted over a 75-year period (1951-2025) to characterize the climate. The application of statistical break detection tests using the Khronostat software made it possible to highlight the variability of rainfall on a monthly and annual scale and to identify the different climatic situations and characteristics experienced by the Kolda region. The Pettitt, Hubert, Buishand, and Lee-Heghinian tests, with a significance level of 90%, were used. The results obtained are consistent, revealing, and promising : they highlighted a change in rainfall patterns. On an annual scale, homogeneity tests revealed a downward break in the time series for the Kolda station. The break dates are 1958, 1967, and 1971, respectively, according to the Lee-Heghinian, Hubert, Pettitt, and Buishand tests. The probability of this break is 0.1688 according to the Lee-Heghinian test. On a monthly scale, the tests revealed upward breaks. This increase in rainfall occurred in April according to Pettitt, in May according to Lee-Heghinian and Buishand, and in June according to Hubert. The probability of this break is 0.2803 according to the Lee-Heghinian test. This study provides useful information for climate experts and water sector stakeholders to understand the link between climate instability and water availability, thus contributing to the sustainable management of water resources. However, it is important to note that the analysis presented focuses solely on rainfall, which is not the only key climate parameter. It is also important to acknowledge the limitations of the Khronostat model. This software does not account for gaps in the data series being analyzed. In the future, it would be beneficial to find a model that tolerates these gaps, given that incomplete data are very common in Africa. This model should be applied to rainfall, temperature, and runoff to determine the relationship between these three variables, highlighting the causes of high and low flows, their frequency, and their trends. A statistical analysis of the probability of occurrence of dry or wet periods, allowing for a better assessment of possible variations in water resource availability, could also prove valuable for the region under consideration.
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Sum of deviations from the mean (Sk)




pluie	1967
1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1417.9	1244.5	1233.4000000000001	1258.3	1632.5	1665.5	1391.2	2188.5	1175.9000000000001	1274.5999999999999	1549.3	1273.9000000000001	1100.0999999999999	1116.9000000000001	1765.6	1247.2	1795.1	826.5	1464.5	1162.5	904.6	655.5	1053.5999999999999	1083.9000000000001	1352.6	1209	850.6	1498.9	738.3	716.1	783.1	942.2	592.79999999999995	864.9	1144.2	1059.7	1313.3	1166	1369.9	1071.5999999999999	845.7	915.9	1195.8	1409.4	1161.5999999999999	1066.4000000000001	1079.4000000000001	1062	1453.2	1165.0999999999999	1078	917.8	1100.5999999999999	981.7	1170.4000000000001	1317.7	997.8	1361.9	1228.4000000000001	1532.7	919.4	1377.1	1212.2	1281.5999999999999	1600.3	Hubert_2	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1431.2	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	1109.51	Year

Rainfall (mm)
Variable U 	1971

1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	58	108	154	178	214	228	296	370	368	362	378	396	456	478	482	464	484	418	472	452	504	460	460	438	446	406	334	304	248	174	146	92	24	-28	-88	-96	-110	-134	-144	-206	-276	-234	-224	-222	-258	-284	-288	-262	-256	-290	-340	-404	-374	-390	-352	-280	-292	-280	-312	-268	-314	-286	-344	-392	-358	-400	-338	-290	-328	-264	-194	-128	-96	-40	Year


Varialble of PETTIT (U)
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PROBABILITY DENSITY




PERIODE	1958 ;  0,1688

1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	3.0000000000000001E-3	2.8999999999999998E-3	3.2000000000000002E-3	2.5999999999999999E-3	2.7000000000000001E-3	2.3E-3	6.0000000000000001E-3	0.16880000000000001	8.7800000000000003E-2	4.7899999999999998E-2	4.1200000000000001E-2	3.6999999999999998E-2	7.3899999999999993E-2	7.0699999999999999E-2	5.8999999999999997E-2	3.49E-2	3.5000000000000003E-2	1.03E-2	1.7299999999999999E-2	1.18E-2	1.89E-2	8.8000000000000005E-3	8.6E-3	6.1000000000000004E-3	6.1999999999999998E-3	3.8E-3	1.6999999999999999E-3	1.2999999999999999E-3	8.9999999999999998E-4	5.9999999999999995E-4	5.0000000000000001E-4	4.0000000000000002E-4	4.0000000000000002E-4	4.0000000000000002E-4	5.0000000000000001E-4	5.0000000000000001E-4	5.0000000000000001E-4	5.0000000000000001E-4	5.0000000000000001E-4	6.9999999999999999E-4	1.1000000000000001E-3	8.9999999999999998E-4	8.9999999999999998E-4	8.0000000000000004E-4	1E-3	1.1999999999999999E-3	1.2999999999999999E-3	1.1999999999999999E-3	1.1999999999999999E-3	1.5E-3	2.3999999999999998E-3	5.0000000000000001E-3	4.4000000000000003E-3	5.5999999999999999E-3	4.4000000000000003E-3	1.1000000000000001E-3	1.2999999999999999E-3	1.1999999999999999E-3	1.6999999999999999E-3	1.2999999999999999E-3	2.2000000000000001E-3	2.0999999999999999E-3	4.7999999999999996E-3	1.2999999999999999E-2	1.15E-2	3.9600000000000003E-2	1.7000000000000001E-2	1.23E-2	5.0799999999999998E-2	1.6199999999999999E-2	4.4999999999999997E-3	2E-3	2.3999999999999998E-3	2.0999999999999999E-3	Year


PROBABILITY DENSITY



Sk	MAI

0	Janvier	Fevrier	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	0	-95.333299999999994	-190.76669999999999	-286.10000000000002	-381.43329999999997	-461.66669999999999	-429.1	-251.4333	-3.1667000000000001	178.8	184.5667	94.7333	0	90%	0	Janvier	Fevrier	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	0	205.47620000000001	277.0641	321.9194	350.4615	366.52140000000003	371.72050000000002	366.52140000000003	350.4615	321.9194	277.0641	205.47620000000001	0	90%	0	Janvier	Fevrier	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	0	-205.47620000000001	-277.0641	-321.9194	-350.4615	-366.52140000000003	-371.72050000000002	-366.52140000000003	-350.4615	-321.9194	-277.0641	-205.47620000000001	0	Month


Sk




Pluie	juin

Janvier	Fevrier	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	1.1000000000000001	1	1.1000000000000001	1.1000000000000001	16.2	129	274.10000000000002	344.7	278.39999999999998	102.2	6.6	1.7	Hubert	24.916666666666668	24.916666666666668	24.916666666666668	24.916666666666668	24.916666666666668	24.916666666666668	167.95000000000002	167.95000000000002	167.95000000000002	167.95000000000002	167.95000000000002	167.95000000000002	Month


Rainfall(mm)




AVRIL

Janvier	Fevrier	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	-7	-18	-25	-32	-31	-26	-19	-8	1	4	3	Mois


Variable U
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Densité de probabilité



MAI

Janvier	Fevrier	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	5.5300000000000002E-2	5.8099999999999999E-2	7.9200000000000007E-2	0.13830000000000001	0.28029999999999999	0.16969999999999999	4.3700000000000003E-2	2.47E-2	3.9899999999999998E-2	5.57E-2	5.5100000000000003E-2	Mois


Densité de Probabilité
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