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ABSTRACT
Since the severe droughts of the 1970s, the Sahel, and Niger in particular, has faced a new precipitation regime. Although cumulative rainfall is improving, this recovery is accompanied by a resurgence of extreme weather events, such as torrential rains. The latter lead to recurring floods with devastating socio-economic consequences for local populations. This study aims to analyze the specific nature of the 2024 rainy season in south-eastern Niger (Maradi and Zinder) to determine whether it constitutes a climatic anomaly over the last three decades. The analysis is based on NASA data from the 1991–2024 period. Three statistical tools were employed: the Standardized Precipitation Index (SPI) to characterize the moisture levels of each year, interannual variability to compare annual totals against the 1991–2020 climate normal, and the Gumbel distribution to estimate the probability of occurrence and the rarity of the event. The results show that nearly the entire study area significantly exceeded the climate average of 281 mm. SPI values between 0.5 and 2 confirm a year ranging from moderately to extremely wet. With a record 560 mm, the year 2024 surpassed the previous extreme of 2020 (519 mm) within the 1991–2020 period, with a probability of exceedance of 0.41%. Thus, 2024 stands out as an exceptional event on the scale of recent decades. This study demonstrates that the 2024 season is a "breakout" year due to its extreme nature. The concentration of such events in the recent period (2020 and 2024) reflects a profound mutation of the climate in south-eastern Niger. These findings highlight the urgent need to adapt urban planning and risk management policies in the face of a probable intensification of the hydrological cycle in Niger.
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1. INTRODUCTION
Climate change observed in recent decades is characterized by an increase in average annual temperatures and disruptions in precipitation patterns. Changes in rainfall consist of an initial decline followed by a recovery phase, accompanied by significant spatio-temporal variability (Allechy and al., 2021, cited by Mamadou and al., 2024). Similar to other global climates, the West African climate system has experienced perturbations since the 1970s, manifested by sharp fluctuations including a rainfall deficit followed by a return toward the mean, albeit with a higher frequency of extreme events (Orou Seko and al., 2019). Due to these climatic shifts, West African countries specifically those in the Sahel are undergoing profound environmental, social, and economic changes (Ozer and Perrin, 2014; Karambiri, 2023). Indeed, several authors have noted an increase in extreme rainfall hazards, which projections suggest may intensify in the coming decades (Ozer and al., 2017; Sidiki, 2022). Given the impacts of extreme events on both natural environments and human populations, they have become a primary concern for researchers and policymakers worldwide (Nakou and al., 2022).
In Niger, the high spatio-temporal variability of precipitation has been demonstrated by authors such as Mounkaila and al., (2022) and Yacoubou and al. (2025). The occurrence of extreme events through flooding has been studied by Bahari and al. (2018) in riparian communities along the Niger River, and by Sigmohou and al. (2010), who attributed the 2010 floods to exceptional rainfall recorded between July 20 and 23. The 2024 rainy season in the Sahel was marked by torrential rains and flooding resulting from abnormally high precipitation across the entire belt from Sudan to Senegal, including northern Sahelian regions (ACMAD, 2024). Consistent with other Sahelian nations, Niger recorded severe rainfall events during 2024, triggering widespread flooding with heavy consequences across the country. According to the newspaper Le Sahel: "In the memory of the elders of Maradi, this locality has not recorded such rainfall in decades." On August 30, 2024, the region experienced heavy rainfall that resulted in fifteen deaths and significant material damage. The OCHA (2024) report indicates that the 2024 floods are by far the most catastrophic of the last 20 years: "As of October 16, 2024, the severe weather affected 1,438,627 people (195,697 households) and caused 391 deaths nationwide. Damages include the collapse of 152,232 houses, the destruction of 2,477 classrooms, and the loss of 25,728 head of livestock." Understanding years of extreme rainfall within the context of climate change is crucial for managing impacts and anticipating adaptation measures. To this end, this study analyzes the extreme nature of the 2024 rainfall over the southeastern belt of Niger, one of the areas most affected by heavy precipitation. The research questions addressed in this study are as follows: 
· Is 2024 the wettest year in Niger over the last thirty years?
· Did the entire study area record an average cumulative rainfall exceeding the climatological mean calculated for the 1991–2020 reference period?
· Does the Gumbel statistical distribution confirm the extreme nature of the year 2024?
2. MATERIAL AND  METHODS
2.1. Presentation of the Study Area 
The study area, which encompasses the Maradi and Zinder regions, is located between longitudes 6°21’–12° East and latitudes 12°48’–17°30’ North in the southeastern part of Niger. Covering an area of 180,530 km2, it accounts for 14.3% of Niger's total landmass (Fig 1).
The boxed area in Figure 1 corresponds to the study area, which features the following climatic zones: the Sahelian zone to the south, the Sahelo-Saharan zone in the center, and the Saharan zone to the north. The latter is located in the Zinder region. The main economic activities of the population in this area are agriculture and livestock farming, both of which are dependent on climatic conditions. However, trade is also prominent, particularly in Maradi, making this region an important cross-border commercial (HEA Report, 2016). 
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Fig 1: The different climatic zones of Niger (source DMN, 2006)

2.2. Data and Methodology
The data used in this study consist of monthly precipitation records for the period 1991–2020, as well as daily data for the year 2024. This information was retrieved from the data.nasa.gov portals, which provide climate data on temperature, precipitation, humidity, and more. Accessing these portals allows researchers who face difficulties obtaining long-term ground-based measurements to conduct their studies effectively. Furthermore, these datasets are free, continuously updated in real-time, and easily downloadable in CSV format. Their spatial resolution provides multiple grid points over a small study area, ensuring high-quality extrapolation. 
To achieve the objective of this study, the Standardized Precipitation Index (SPI) and percentiles were employed to analyze the interannual variability of cumulative rainfall over the 1991–2020 reference period and to characterize the wet or dry conditions of the year 2024, respectively. Furthermore, Gumbel’s (1960) statistical distribution was applied to examine the extreme nature of the 2024 events within the study area. The Standardized Precipitation Index (SPI) is a robust and computationally straightforward index (McKee and al., 1993), proven effective for analyzing wet and dry periods or cycles (see Table 1).
Table 1: Drought severity class according to (Mckee and al., 1993)
	SPI Index Values
	Wet or Dry Characterization

	SPI≥2
	Extremely wet

	1.5≤SPI≤1.99
	Very wet

	1.0≤SPI≤1.49
	Moderately wet

	−0.99≤SPI≤0.99
	Near normal

	−1.49≤SPI≤−1.0
	Moderately dry

	−1.99≤SPI≤−1.5
	Very dry

	SPI≤−2
	Extremely dry



This index is calculated using formula (1) below:

 Average cumulative total for year i
: Climatic average
𝜎: Standard deviation of the series from 1991 to 2020

The probability of exceedance p and the return period T are calculated using the method below:

With  the probability of not exceeding

Where : 
 are called the parameters of Gumbel's law.

3. RESULTS
3.1. Interannual variability of cumulative rainfall over the reference period 1991-202
Despite a recovery in rainfall across the Sahel (Ozer and al., 2017), interannual precipitation variability has been exacerbated by climate change. Fig 2 illustrates the interannual variability of total annual rainfall over the 1991–2020 period within the study area, which encompasses the Maradi and Zinder regions in southeastern Niger. During this period, mean annual rainfall totals ranged from 196 mm in 2004 to 519 mm in 2020, with a climatological mean of 292 mm (Figure 2). Over these 30 years, only 8 years (27%) recorded totals above the average. Relative to the climatological mean, the study area experienced a deficit period from 1999 to 2006, with only one year (2003) showing a near-normal trend. The year 2020 was the wettest of the period, with a positive anomaly of 257 mm compared to the climatological mean and a 353 mm difference compared to the driest year.

Fig 2: Interannual variability of cumulative rainfall over the reference period 1991-2020

Figure 2 illustrates a progressive increase across the trend line, which exhibits a positive coefficient (1.8). Despite significant interannual variability, this trend generally reflects an improvement in rainfall patterns within the study area from 1991 to 2020. The percentile calculations for the 1991–2020 annual rainfall series are presented in Table 2. The data indicate a drought risk for any year with total rainfall below 208 mm (10th percentile). Conversely, any year exceeding 367 mm is classified as 'very wet,' while 'extremely wet' years are characterized by totals surpassing 392.7 mm. Furthermore, Figure 2 reveals a sharp increase in precipitation toward the end of the 1991–2020 period. Should this upward trend persist in subsequent years, it may lead to a shift in the precipitation regimes of the study area.
 
Table 2: Percentiles of the series of annual rainfall totals for the period 1991-2020
	Percentile
	Value (mm)
	Climatological Interpretation

	10th (P10)
	208.65
	Extreme drought: Only 10% of years are drier than this threshold.

	25th (Q1)
	240.43
	Dry year: 25% of years fall below this value (1st quartile).

	50th (Median)
	272.39
	Central value: An equal number of drier years and wetter years.

	75th (Q3)
	312.27
	Wet year: 75% of years receive less than this total.

	90th (P90)
	363.2
	Extreme wetness: Only 10% of years exceed this total.

	95th (P95)
	392.69
	Exceptional event: Threshold often used for flood risk assessment.



3.2. Distribution of annual rainfall totals
The spatial distribution of annual rainfall totals over the study area, which includes the regions of Maradi and Zinder, is shown in Fig3.
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Fig 3: Spatial distribution of cumulative annual rainfall in the southeastern zone of Niger (Maradi and Zinder). Panel (a) corresponds to the rainfall climatology from 1991-2020 and panel (b) to that of the year 2024.
Fig3a presents the climatology (spatial distribution of annual rainfall totals) over the 1991–2020 period within the study area. During this period, average annual totals ranged from 100 mm in the north to 600 mm in the south. The isohyets display a positive latitudinal gradient from north to south. This gradient is characteristic of rainfall patterns in the Sahel and defines the region's various climatic zones. Thus, the northern part of Tasker, located in the Zinder region, is characteristic of a Saharan climate where annual precipitation is below 150 mm. The extreme southern part, which includes Madarounfa (Maradi), Magaria, and Dungas (Zinder), is characteristic of a Sahelo-Sudanian climate with annual precipitation of approximately 600 mm. However, the localities situated in the central part of the study area notably Dakoro, Belbedji, and Mayahi (Maradi), as well as Damagaram Takaya, Tanout, and Gouré (Zinder) exhibit a Sahelian climate, with annual cumulative rainfall ranging between 300 mm and 450 mm. The figure further illustrates the region's climatic vulnerability: as one moves northward (specifically toward Tanout and Tesker), water availability becomes the limiting factor for agriculture, which remains the primary livelihood for the rural population. The spatial distribution of annual cumulative rainfall over the study area for the year 2024 is shown in Figure 3b. This figure reveals a northward shift of the isohyets, reflecting an improvement in rainfall during 2024 across the study area, with an annual average of 560 mm. Compared to the 1991-2020 climatological period, the 600 mm isohyet was replaced by the 1050 mm isohyet, and the northern zone, where rainfall is typically limited to 150 mm, reached an average cumulative total of over 300 mm. Across the entire study area, the annual rainfall for 2024 nearly doubled the climatological average for the 1991-2020 period. In 2024, substantial cumulative rainfall exceeding 1,000 mm was recorded in Madarounfa, located in the eastern Maradi region, as well as in Magaria and Dungas in southern Zinder. Furthermore, localized areas within the near-desert department of Tesker reported significant accumulations ranging from 750 to 900 mm. These precipitation totals are attributed to isolated, intense convective storm events, likely driven by anomalous surface heating.

3.3. Analysis of the situation in 2024
3.3.1. Spatial variability of precipitation in 2024 in the study area compared to the 1991-2020 climatic period
Fig 4 illustrates the spatial distribution of the Standardized Precipitation Index (SPI) for the year 2014 across the study area. With the exception of the far northern reaches of Tesker, the entire study region exhibits a positive SPI, ranging from 0.5 to 2.
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Fig 4: Spatial distribution of the standardized precipitation index (SPI) over the study area for the year 2024
Fig4 highlights a pronounced climatic contrast between the southern and northern regions, characterized by a latitudinal transition in SPI (Standardized Precipitation Index) values. This latitudinal gradient allows for the categorization of the study area into three distinct zones: the south, the center, and the north. Southern localities bordering Nigeria, such as Magaria, Dungass, and Madarounfa, exhibited SPI values exceeding 2.0 during the year 2024. Such values indicate that 2024 was an exceptional year relative to the 1991–2020 climatological baseline for the region. The central zone displays SPI values ranging from 0.5 to 1.2, corresponding to moderately wet conditions. Conversely, the extreme northern part of the region, including portions of Tanout and Tesker, experienced a rainfall deficit in 2024 compared to the 1991–2020 mean; in this area, the index drops to negative values, reaching as low as -0.4.
Figure 4 also reveals 'pockets' of high precipitation, with SPI values exceeding 2.0. The extreme Southeast, encompassing the Magaria and Dungass districts, represents the most intense focus. Closed cells are observed in this area, with indices fluctuating between 2.18 and 2.5, indicating that these regions received exceptional rainfall totals relative to their historical means. High-intensity clusters (SPI > 2.0) are also visible in the Gazaoua and Aguié districts, signaling a major hydric surplus in this high-output agricultural zone. Despite its typically arid climate, the Dakoro district situated at the transition between the Saharan and Sahelo-Saharan belts lso exhibited isolated pockets of heavy precipitation during the year 2024.
Ultimately, the analysis of the Standardized Precipitation Index (SPI) map for the year 2024 reveals that most of the study area experienced surplus conditions, with extreme precipitation clusters particularly concentrated within the southern belt.
3.3.2. Variability of the average daily cumulative total for the four months of June-July-August-September
Fig 5 illustrates the evolution of average daily rainfall totals (in mm) for four key months of the rainy season June, July, August and September calculated over the entire study area.


Fig5: Distribution of average daily rainfall across the entire area for the year 2024
This figure illustrates high daily precipitation variability, which fluctuates significantly from month to month. Early June is characterized by a near-total absence of rainfall. The first precipitation events occur toward the end of the month, with an average exceeding 20 mm/day, signaling the late onset of the rainy season. The scarcity of rain during June 2024 is attributed to the fact that the monsoon (moist air mass), blowing from the southwest to the northwest, had not yet become firmly established over the study area. In July, an irregular increase in rainfall events is observed, with daily peaks fluctuating between 10 mm and 20 mm. August emerges as the wettest month, characterized by a significant peak reaching 70 mm per day. During this period, precipitation is frequent, with recurring peaks ranging from 10 mm to 30 mm. The increased rainfall observed in Niger during these two months (July and August) is due to the northward migration of the monsoon, which pushes back the harmattan wind and the Intertropical Convergence Zone (ITCZ). The significant peaks followed by abrupt drops correspond to episodes of convective thunderstorms or squall lines. Finally, the month of September is characterized by intense rainfall activity at its onset, with peaks ranging between 30 and 40 mm, followed by a decline in precipitation intensity. This trend is accompanied by a reduction in daily water input resulting from the withdrawal of the monsoon.
The analysis of Figure 5 reveals three distinct stages of the rainy season within the study area specifically, and across the Sahel in general: the onset of the season, which progresses latitudinally; the peak of the season (core season); and the cessation of the season. Depending on their intensity, rainfall events can significantly impact the environment and agro-pastoral activities. In the Sahel, the intensification of rainfall—despite a sometimes stable annual precipitation—is leading to increased surface runoff and flooding, processes that are further exacerbated by degraded soils. (Decroix and al., 2013 ;Vischel and al., 2015 ; Bahari and al., 2018 ;).Table 3 summarizes the rainy season in the study area with the immediate consequences.

Table 3: Consequences due to rainfall patterns in each month during the season
	Month
	Season Status
	Dominant Characteristic
	Main Risk

	June
	Installation / Start
	Water deficit
	Sowing failure

	July
	Transition
	Irregularity
	Temporary water stress

	August
	Peak / Core
	Extreme intensity
	Flooding / Erosion

	September
	Withdrawal / End
	Progressive decline
	Root asphyxia (if waterlogged)




3.3.3. Caractéristiques extrêmes des précipitations de l'année 2024
Despite the alternation of wet and dry years throughout the reference period, a stabilization of precipitation levels has been observed, marking a clear departure from the severe drought cycles of the 1970s. However, the year 2024 disrupted this stability, recording extraordinary cumulative rainfall totals. 
Figure 6 presents the statistical fit using the Gumbel distribution for annual precipitation over the 1991–2020 period. The blue dots represent the distribution of annual totals throughout the study period. These totals range from 150 mm to 550 mm, with an annual mean of 281 mm. This distribution is characteristic of semi-arid regions. 
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Fig 6 : Gumbel statistical adjustment for the series of average cumulative totals for the period 1991-2020
The high standard deviation of 62 mm indicates that during the 1991–2020 period, the study area (Maradi and Zinder) experienced significant interannual variability, with a coefficient of variation of approximately 22%. According to Figure 6, average annual totals between 400 and 450 mm are rare, with a return period exceeding 20 years. The year 2020, characterized by a total of 519 mm (represented by the red dot), deviates significantly from the Gumbel model (blue curve) and stands out as a centennial event. The theoretical calculation of the exceedance probability for such an event yields a value of p=0.41%; consequently, the return period for an event of this magnitude is 244 years. Thus, the year 2020 stands out as an exceptional year, suggesting either rare natural variability or a signal of climate change. During the year 2024, the study area recorded an average total of 560 mm, representing an increase of approximately 8% compared to the 2020 record. Consequently, the 2024 precipitation can be classified as an extreme event within the context of the last thirty (30) years. Should such events continue to occur in the near future, it would suggest a significant climatic shift within the study area.
4. DISCUSSION
Precipitation in the Sahel is characterized by high spatio-temporal variability (Faran, 2000). In the study area, this variability is reflected in the latitudinal distribution of rainfall as well as temporal fluctuations in annual totals. Furthermore, extreme rainfall events have emerged, driven by a decrease in the annual frequency of rainy days (Yacoubou et al., 2025).
Following the drought of the 1970s (Grist and Nicholson, 2001), the study area, like other regions of the Sahel, experienced a recovery in rainfall between 1991 and 2020, as observed by Nicholson (2013). Analysis of rainfall trends during this period confirms the hypotheses previously formulated by Ozer (2003).
Indeed, a slight upward trend in annual rainfall totals is observed, despite significant natural interannual fluctuations. However, the low coefficient of determination (R2=0.064) between annual totals and time indicates that only 6.4% of the rainfall variability can be attributed to the temporal progression. 
The end of the 1991–2020 period is marked by a sharp increase in annual rainfall totals. If this trend persists, it could lead to a shift in the precipitation regime, transitioning the study area from an arid climate to a more humid system. The spatial distribution of rainfall reveals that all four of Niger's climatic zones are represented within the study area, namely: 
- the Sahelian-Sudanian zone located south of the 600mm isohyet,
- the Sahelian zone located between the 600 and 300mm isohyets,
- the Sahelian-Saharan zone between 300 and 150mm,
- the Saharan zone above the 150mm isohyet.
Compared to figure 1 of the DMN (2006), we can see that the extreme south of Madarounfa is found in the Sahel-Sudanian zone, which shows a rise in the isohyets during this period 1991-2020.
The results of this study highlight a marked improvement in rainfall in the southern region in 2024. Indeed, isohyets have undergone an exceptional northward shift, with the Sahelian zone encroaching upon the Sahel-Saharan zone. This change observed in the study area aligns with the IPCC report (IPCC, 2007), which generally predicts that climate change will lead to a shift in climate zones and a modification of rainfall patterns. Thus, the year 2024 is characterized by exceptionally high humidity in the north, transforming semi-arid areas into very humid zones, while the southern regions experienced record levels of rainfall. Analysis of the monthly rainfall distribution for 2024 reveals that June was a dry period, with very little rain. The rainy season truly began in July, followed by a significant intensification in mid-August. However, the rainfall curve in July shows troughs characteristic of dry periods. These intraseasonal dry spells represent the main challenge for local farmers.
Even if the monthly total for this month seems satisfactory, a 10-day break without rain can stop the development of cereal crops.
August of the 2024 season, which represents the core of the rainy season in Niger specifically and the Sahel in general (Vishel and al., 2015), was characterized not only by consistent rainfall regularity but, more significantly, by extreme events, with a peak of 70 mm recorded around the 23rd day. These findings corroborate those of Papalexiou and Montanari (2019) and Dunn and al. (2020), which indicate that the frequency of extreme precipitation is observed at a regional scale. This concentration of rainfall events during this month suggests intense convective activity (Vincent and Henri, 2001) and a high risk of runoff and flooding in areas lacking drainage systems, such as the cities of Maradi (Mamadou et al., 2022) and Zinder (Mamadou I, 2014). 
The end of the season typically occurs in September, coinciding with the monsoon withdrawal phase. However, during the 2024 season, the beginning of this month maintained significant cumulative totals (10 to 30 mm per day), ensuring crucial residual water availability for the completion of biological cycles.
This analysis reveals that the year 2024 experienced an intensification of precipitation, characterized by an extension of the rainy season throughout the entire month of September. This distinctive feature of 2024 is illustrated by the damage caused by heavy rainfall recorded across the southern belt of the study area. The end of August and the beginning of September were exceptionally severe in Niger following these intense rainfall events. According to a statement from the DGPC (General Directorate of Civil Protection), 'These rains resulted in approximately 273 fatalities, caused either by drowning or by the collapse of dwellings.' In Zinder, the heavy rains led to approximately thirty deaths, the collapse of hundreds of homes, and the destruction of two thousand hectares of cropland by hail. Infrastructure was also heavily impacted, including the damage of three schools and the collapse of two mosques notably the historic Friday Mosque of the Sultanate, constructed in 1885 by Sultan Tanimoune (tamtaminfo.com).

CONCLUSION
This study analyzes the extreme nature of the 2024 precipitation regime. The study area, comprising Maradi and Zinder, is situated in the southeastern part of Niger within a Sahelian-type climate. Based on NASA datasets used in this research for the 1991–2020 reference period, annual cumulative rainfall varied between 196 mm in 2004 and 519 mm in 2020. In addition to this interannual variability, spatial variability reveals three distinct climatic zones within the study area: the Sahelian, Sahelo-Saharan, and Saharan zones. The analysis of the 2024 rainfall situation was conducted using the Standardized Precipitation Index (SPI), isohyet displacement, and Gumbel’s statistical adjustment. The SPI values, calculated across the spatial domain, ranged between 0.5 and 2.0, indicating an intensification of precipitation, particularly in the southern portion of the study area. Seasonal variability analysis indicates that August, the wettest month, recorded average daily cumulative rainfall exceeding 70 mm across the entire study area. September, which typically marks the end of the season, experienced an intensification of rainfall events during its first week, with daily totals exceeding 30 mm/day. These events triggered widespread flooding, as the soil was already saturated due to the consistent rainfall regularity observed in August. According to Gumbel’s statistical adjustment, the year 2020 (within the 1991–2020 reference period) emerged as an extreme year, with an annual total of 519 mm and an exceedance probability of 0.41% per year. The defining characteristic of the 2024 season is that the average cumulative rainfall for the study area exceeded that of 2020 by 8%."
This study raises a critical question: is this an isolated event attributable to natural climate variability, or does it represent a signal of climate change? Should the upward trend observed since the end of the 1991–2020 reference period be confirmed in the coming years, the climate change hypothesis will be favored.
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Average daily rainfall total per month 

June	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	9.8888888888888804E-2	5.7901234567901201E-2	2.75308641975309E-2	8.2592592592592606E-2	2.33333333333333E-2	7.8395061728395096E-2	3.9024691358024701	0.39691358024691398	0	6.2592592592592602E-2	1.02679012345679	1.00617283950617	4.3209876543209898E-3	0.426913580246914	0.27987654320987698	0.33320987654320999	0.340246913580247	0	1.2345679012345701E-4	5.9259259259259199E-2	1.16049382716049E-2	1.6049382716049399E-3	1.34567901234568E-2	6.17283950617284E-3	4.3950617283950603E-2	4.9259259259259301E-2	1.04938271604938E-2	3.0517283950617302	19.650493827160499	0.22407407407407401	0	Jully	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	1.41777777777778	16.838888888888899	5.2044444444444498	10.7443209876543	1.91024691358025	1.2223456790123499	7.3993827160493799	1.4762962962963	0.39800000000000002	0.77135802469135795	1.9898765432098799	0.75209876543209897	4.6458024691358002	20.746666666666702	8.7380246913580208	5.6371604938271602	0.95925925925925903	0.23938271604938299	13.783086419753101	6.6506172839506199	5.2661728395061704	1.46395061728395	0.49827160493827199	5.0535802469135804	7.8239506172839501	0.25802469135802503	3.1977777777777798	6.0130864197530904	6.9174074074074099	0.61851851851851802	1.3196296296296299	August	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	11.702962962962999	13.169012345679	15.3732098765432	7.5569135802469098	2.2561728395061702	3.03	2.9634567901234599	8.9288888888888902	3.5283950617283901	1.4474074074074099	1.8362962962963001	6.8795061728395099	24.969382716049399	15.681604938271599	6.4441975308641997	8.51382716049382	3.0019753086419798	2.7060493827160501	7.9785185185185199	13.8398765432099	10.828888888888899	7.5482716049382699	74.658888888888896	7.9219753086419802	0.35666666666666702	2.0796296296296299	1.42950617283951	4.5050617283950602	4.6760493827160499	18.8128395061728	13.3974074074074	September	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	1.4091358024691401	8.1588888888888906	31.305061728395099	22.782839506172799	1.66827160493827	0.92567901234567895	1.2183950617283901	1.6935802469135799	0.37691358024691402	0.23938271604938299	2.0755555555555598	4.2148148148148197	5.9154320987654296	3.5702469135802501	0.79913580246913596	3.64407407407408	4.5639506172839504	4.8053086419753104	2.4700000000000002	0.74802469135802396	2.2097530864197501	1.54728395061728	3.4628395061728399	0.79506172839506195	0.31629629629629602	0.17530864197530899	0.25074074074074099	0.72777777777777797	0.13345679012345699	1.2345679012345699E-2	0	
cumulative rainfall (mm)




Interannual variability of cumulative rainfall

Average annual cumulative	
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	297.35470238095201	297.168035714285	251.219821428572	382.12761904761902	276.31077380952399	264.005059523809	276.62571428571499	349.49047619047701	273.17327380952401	236.16702380952401	262.58291666666702	237.88244047619099	299.17797619047599	195.22077380952399	282.58785714285699	248.81892857142901	332.58601190476202	267.98398809523798	233.43922619047601	334.79369047619002	266.42035714285697	400.721190476191	276.53720238095201	235.34720238095201	268.47880952381001	280.77803571428501	272.05202380952397	322.745059523809	339.82452380952401	519.85934523809499	Climatic average	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	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	292	Years
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