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This study is based on rainfall data collected in the municipality of loumbila, located in the central plateau of burkina faso, over a period of thirty years (1992-2022). The analysis highlights significant variability in precipitation, marked by alternating wet years and periods of drought. This irregularity reflects the instability of the rainfall regime, typical of sahelian areas subject to a variable intertropical monsoon.
The application of the standardized precipitation index (spi) reveals the increased frequency of dry spells, sometimes prolonged, which directly influence water availability and rain-fed vegetable production. These rainfall fluctuations contribute to declining agricultural productivity and increase the food vulnerability of rural households.
In response to this situation, the implementation of adaptation strategies focused on rainwater management and agricultural activity planning is a priority for strengthening the climate resilience of the municipality of loumbila.
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INTRODUCTION
Sub-Saharan Africa is at the heart of global climate debates. It faces significant climate variability that directly influences the environmental and socioeconomic conditions of vulnerable populations (Kaboré, 2025, p. 3). The region's climate is largely dominated by the intertropical monsoon system, which regulates water distribution. However, the precariousness of agricultural systems, which are poorly mechanized and dependent on water withdrawals, exacerbates their vulnerability (Mairi, 2019, p. 7; Topeur, 2023, p. 45). This situation results in an intensification of extreme events such as droughts and floods. It amplifies environmental and social crises, particularly in Burkina Faso (Cangré et al., 2015, p. 89; Kohnert, 2024, p. 12). During the second half of the 20th century, this region experienced alternating periods of high humidity and severe drought, followed by a recovery in rainfall, reflecting the high degree of climate variability (Sankara, 2010, p. 5). These fluctuations compromise food security and the livelihoods of rural communities that are largely dependent on natural resources (Zambo, 2021, p. 15).
In Burkina Faso, the reality of this variability is attested to by scientific studies corroborated by the perceptions of local populations (Cangré & Evelyne, 2015, p. 83). The commune of Loumbila, located in the Central Plateau, is a perfect illustration of this vulnerability, as its economy relies mainly on rain-fed vegetable crops, which are sensitive to variations in climatic parameters, particularly rainfall (Kaboré, 2025, p. 6). Periods of water deficit often lead to significant declines in yields, exacerbating food insecurity and undermining rural household incomes. Furthermore, the lack of effective irrigation infrastructure and appropriate weather warning systems limits producers' ability to anticipate or mitigate the impacts of adverse weather events. A better understanding of local climate trends, combined with appropriate technical solutions, is therefore an essential lever for supporting community resilience.
This study aims to characterize the spatio-temporal aspects of rainfall variability in the municipality. The objective is to provide up-to-date knowledge to better guide local adaptation strategies to climate risks, while ensuring the resilience of agricultural systems.
1. PRESENTATION OF THE STUDY AREA
The municipality of Loumbila (map 1) is located in the province of Oubritenga, in the central plateau region. It is one of seven (7) municipalities in the province and is located twenty-five (25) kilometers from the capital Ouagadougou, on National Road No. 3 (Ouagadougou-Dori), and thirteen (13) kilometers from Ziniaré, the capital of its province. It covers an area of 177 km², or 6.16% of the total area of the province of Oubritenga, and has thirty-one (31) villages. In accordance with Law No. 030-99/AN establishing the administrative boundaries of municipalities in Burkina Faso, it is bordered: 
• To the west by the municipality of Pabré and the district of Nongr-masson (Ouagadougou, Kadiogo province); 
• To the north by the municipality of Dapelgo (Oubritenga province);
 • To the south by the municipality of Saaba (Kadiogo province).
Map No. 1 shows the municipality of Loumbila.
[bookmark: _Toc210156908][bookmark: _Toc210159545][image: ]Figure 1 : Location of the municipality of Loumbila
1.1 Methodology
The study of climate variability in the municipality of Loumbila was based on an analysis of rainfall, a key variable for understanding the water regime and local agro-environmental dynamics. This parameter was chosen because of its scientific relevance and its decisive role in assessing regional climate change. The rainfall data comes from the National Meteorological Agency (ANAM) of Burkina Faso and covers a 30-year time series, from 1992 to 2022, in accordance with the recommendations of the World Meteorological Organization (WMO). This time frame guarantees the quality, homogeneity, and statistical reliability of the observations. The reliability of the records was verified according to the methodology of Bambara D. et al. (2019, p.2), in particular by applying breakpoint and normality tests designed to detect any anomalies or discontinuities in the rainfall series. The temporal analysis was based on a graphical study of annual trends, obtained by linear regression, as well as an examination of interannual variations that characterize wet and dry cycles over time.
In order to quantify the direction and magnitude of the trends, non-parametric statistical tests, such as the Mann-Kendall test and Sen's slope, were used to determine the presence of significant monotonic trends. In addition, the Standardized Precipitation Index (SPI) was used to assess the intensity and frequency of dry and wet periods in the municipality over the study period. The validity of the results was confirmed by analyzing QQ and PP plots, ensuring that the distributions complied with the required statistical conditions.
1.2. Statistical study of rainfall variability
1.2.1 Normality tests (Q-Q plot and P-P plot)
Q-Q plots can be used to check whether annual rainfall values follow a normal distribution. In Burkina Faso, deviations at the extremes of Q-Q curves are common, reflecting the presence of extreme rainfall values and asymmetry in the data. This behavior indicates high interannual variability in precipitation, often influenced by irregular rainy seasons.
P-P plots, for their part, compare the observed probabilities of the rainfall series with the theoretical probabilities expected under a normal distribution. When the curve deviates from the diagonal, this highlights a distribution that is not strictly normal, particularly in the center or at the extremes of the series. This observation reflects the frequency of extreme rainfall events and the characteristic irregularity of the rainfall regime in the Loumbila area.
These two graphs show the normality tests of the rainfall series using QQ and PP plots. 

Graph 1: Normality tests of the rainfall series using Q-Q and P-P plots
Sources : ANAM data (1992 to 2022)
Analysis of QQ and PP graphs based on thirty years of rainfall data in Loumbila reveals remarkable stability in the withdrawal regime. According to Montane, C. (2024, p. 26), this stability reflects a solid statistical structure, with no major changes in rainfall. However, slight deviations at the ends of the curves indicate the presence of extreme rainfall events, considered to be the first signs of significant hydrological deviations (Descroix, L., et al., 2015, p. 33).
Kaboré, P. N., et al. (2017, p. 85) emphasize the importance of monitoring the accumulation of these deviations, which may reflect the emergence of a new rainfall regime. In agriculture, these diagrams serve as an early warning tool for climate risk management and food security (Taïbi, S., 2021, p. 215; Ater, M., & Hmimsa, Y., 2008, p. 107). The distinction between natural rainfall variability and climate change also guides agricultural policies in Sahelian areas (Fluet, M.-J., 2006, p. 57). Finally, Röhrig, F., et al. (2021, p. 10) recommend combining graphical analyses and mobilizing local knowledge to strengthen the adaptation of agricultural practices to rainfall variability.
1.2.2 Mann-Kendall test for identifying trends
The Mann-Kendall test is a nonparametric method used to detect monotonic trends in hydroclimatic time series. It is insensitive to extreme values and does not assume any particular data distribution.
Figure 2 illustrates the temporal evolution of the average rainfall in Loumbila, accompanied by the slope of sen.









Figure 2 : Identification of significant trends
Source : ANAM data (1992–2022)
The evolution of rainfall over thirty years in Loumbila highlights the complexity of Sahelian market gardening, where rainfall variability forces producers to develop a strong capacity for adaptation (Bationo, L. B., 2013, p. 12). The Mann-Kendall test, presented by Benjamin L. et al. (2013, p. 18), makes it possible to detect rainfall trends without being influenced by annual fluctuations.
The results indicate apparent stability in precipitation, but years of deficit or surplus reflect persistent irregularity in the rainfall regime. This variability makes agricultural planning difficult and increases dependence on seasonal rainfall. Graphical analyses show a fragile balance, often disrupted by periods of delayed or poorly distributed rainfall, perceived as “phantom” years with low yields (Drias, 2020, p. 14).
Market gardeners are developing local adaptation strategies, such as 
adjusting sowing schedules (Sebego, R. 2016, p. 41). However, the reduction in rainfall regularity limits their room for maneuver, increasing production costs and economic risks (FAO, 2022, p. 45; Climate Action Network, 2017, p. 22).
Anticipating changes in rainfall patterns is therefore becoming a major challenge for agricultural resilience (Fluet, M.-J., 2006, p. 89). Finally, Bognini, S. (2023, p. 28) points out that the sustainability of market gardening now depends on the collective ability to adapt to increasing rainfall variability.
1.2.3    Time series break analysis
This analysis is based on a time series of average precipitation subjected to several nonparametric tests. The Pettitt test, with a p-value < 0.001, identifies a significant break in the precipitation average. This break is confirmed by the Von Neumann and Mann-Kendall tests, highlighting a marked change in temporal dynamics. These reliable results call for an in-depth study of the potential causes and consequences.
Figure 3 shows the breaks in the time series.
Figure 3: Break in the time series
Source : processing of ANAM data (1992–2022)
Statistical analysis in Loumbila reveals a major break in rainfall around 2016, with a significant increase in average volume (Kiki, G. R., 2019, p. 65). This change is part of a similar regional trend observed in Niger, marked by a shorter rainy season and increased variability (National Adaptation Plan, Niger, 2022, p. 99). This instability complicates agricultural planning, particularly access to water and crop rotation (Siégnounou, B., 2023, p. 28). To address these challenges, market gardeners are adapting their practices, diversifying crops, and optimizing irrigation (Kempay O. F. et al., 2024, p. 89). The Saclay plateau illustrates the increase in climate-related irrigation needs, highlighting the importance of agroecological techniques (Nguyen Vien, S., 2023, p. 36). The link between climate and market strongly influences crop choices and economic strategies (Lothoré, A., Delmas, P., 2009, p. 29). In Burkina Faso, water management remains a major challenge, with increasing use of innovations such as crop association to improve efficiency (IRD Éditions, 2008, p. 229; Perrin, B., Lefevre, A., 2019, pp. 59, 68). Mastering local knowledge of rainfall is essential for the sustainability of market gardening systems (UNDP, 2014, p. 19). These factors confirm the need for an integrated and collective approach to agriculture that is resilient to climate change.
2. RESULTS AND DISCUSSION
2.1 Results
2.1.1 Rainfall variability
October to April, the dry season sets in, with very little rain and often high temperatures, causing water stress for vegetation. This seasonal alternation structures local rural and agricultural activity, imposing periods of abundance and water scarcity. Between 1992 and 2022, annual withdrawal volumes fluctuated significantly, ranging from 587.8 mm in 1997, a year of severe drought, to 1,010.3 mm in 2021, an exceptionally wet year. This variability is illustrated in Figure 4, which highlights the overall trend in withdrawals over the last three decades.
Figure 4 shows the annual evolution of withdrawals at Loumbila from 1992 to 2022, as well as the linear regression line highlighting the overall trend in cumulative rainfall over this period.
Figure 4: Precipitation trends 
Source: ANAM data processing (2022)
2.1.2 Standardized Precipitation Index (SPI)

 In Loumbila, the SPI trend over three decades reflects a marked alternation between wet and dry years. During this period, there were 15 years with wet conditions (including 6 with high humidity and 9 with moderate humidity), while the other 15 years were dominated by drought, divided into moderate, severe, or extreme episodes. This high level of water instability makes agriculture vulnerable to fluctuations in rainfall, as shown in Figure 5, which illustrates the oscillations of the SPI over the period 1992-2022.

Graph 2: Standardized Precipitation Index (SPI)
Source: ANAM (2022)
Table 1: SPI categorization from 1992 to 2022
	SPI
	>2
	1<SPI<2
	0<SPI<1
	-1<SPI<0
	-2< SPI<-1
	SPI<-2

	Nombre d’année
	0
	6
	9
	6
	5
	4

	Signification
	Humidité extrême
	Humidité forte
	Humidité modérée
	Sécheresse modérée
	Sécheresse forte
	Sécheresse extrême


Source : ANAM (2023)
2.2 Discussion 
Rainfall variability in the municipality of Loumbila reveals complex realities that directly influence agricultural practices and local food security. Located in the Central Plateau of Burkina Faso, this area is subject to an intertropical monsoon regime marked by pronounced rainfall irregularity (Kaboré, 2025, p. 3; Mairi, 2019, p. 7; Topeur, 2023, p. 45).
Interannual rainfall fluctuations are random in nature, as already observed in the Burkinabe Sahel (Le Barbé & Tapsoba, 1994, p. 10). Three major climatic phases can be distinguished: a moderate drought between 1991 and 2006, alternating wet and dry periods between 2007 and 2015, and a recent wet phase from 2016 to 2020, confirming the high instability of the rainfall regime (Sultan & Janicot, 2004, p. 321).
This variability in rainfall directly affects vegetable production, particularly during periods of water shortage, when yield declines compromise regional food security (Sultan et al., 2005, p. 331). In response to these fluctuations, water management and diversification of practices appear to be essential levers for strengthening agricultural resilience in Loumbila (Eugène, Albert, & Issiaka, 2005, p. 31).
CONCLUSION
The study revealed that the municipality of Loumbila, like other Sahelian areas, faces high rainfall variability. Analysis of rainfall data over a thirty-year period highlights large interannual fluctuations, reflecting alternating dry and wet periods. This irregularity in rainfall patterns illustrates a persistent water imbalance and unstable climatic conditions, typical of areas with irregular rainfall.
The Standardized Precipitation Index (SPI) confirms this trend, highlighting an increased frequency of dry years and the occurrence of moderate to extreme drought events. These rainfall variations directly affect rain-fed vegetable crops, undermining agricultural yields and increasing the vulnerability of rural households.
In response to this situation, strengthening local resilience requires adaptation strategies focused on rainwater management, diversification of farming techniques, and promotion of sustainable agricultural practices. These measures are essential to limit the effects of rainfall variability and ensure the sustainability of agricultural production in Loumbila.
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48.983333333333341	49.508333333333326	49.733333333333327	51.558333333333337	54.68333333333333	56.449999999999996	56.841666666666676	57.45000000000001	58.366666666666667	59.433333333333337	62.233333333333327	62.54999999999999	63.95000000000001	66.024999999999991	66.275000000000006	66.683333333333337	69.916666666666671	69.99166666666666	70.325000000000003	70.641666666666666	71.058333333333337	71.683333333333323	72.841666666666669	74.883333333333326	76.966666666666669	78.25833333333334	79.641666666666666	81.174999999999997	83.583333333333329	84.191666666666663	45.803337849938828	49.924187699093778	52.408959395576971	54.270300716050485	55.801891599254873	57.12923238517044	58.31847771149134	59.409230808598963	60.42738576242116	61.391048234859326	62.313596289597008	63.205407464503352	64.074906937356104	64.929247983134161	65.774785911992225	66.617436310230019	67.462974239088084	68.31731528486614	69.186814757718892	70.078625932625229	71.001173987362918	71.964836459801091	72.982991413623282	74.073744510730904	75.262989837051805	76.590330622967372	78.121921506171759	79.983262826645273	82.468034523128466	86.588884372283417	40	90	40	90	Moyenne

Quantile - Normale (66,20; 10,20)
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