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ABSTRAT
This study analyzes rainfall data collected in the Municipality of Loumbila, located in Burkina Faso's Central Plateau, over a 30-year period (1992-2022). The analysis reveals significant precipitation variability, characterized by alternating wet years and drought periods.
This irregularity manifests as highly variable rainfall: annual totals dropping abruptly from over 800 mm to under 500 mm, with seasonal onsets and offsets delayed by 2-4 weeks.
It reflects the unstable rainfall regime typical of Sahelian zones under variable intertropical monsoon influence.
The methodology employs a 30-year rainfall series (1992-2022) from ANAM, analyzed using non-parametric tests (Mann-Kendall for trends, Pettitt for breaks, Q-Q/P-P plots for normality) and SPI to quantify droughts. Application of the Standardized Precipitation Index (SPI) reveals increased frequency of prolonged dry spells impacting water availability and rain-fed vegetable production.
These rainfall fluctuations reduce agricultural productivity and heighten food vulnerability among rural households. Consequently, adaptation strategies emphasizing rainwater management and agricultural planning are essential to enhance Loumbila Municipality's climate resilience.
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INTRODUCTION
Sub-Saharan Africa is at the heart of global climate debates. It faces marked climate variability that directly influences the environmental and socio-economic conditions of vulnerable populations (Kaboré, 2025, p. 3). The climate of the region is largely dominated by the intertropical monsoon system which regulates water distribution. However, the precariousness of agricultural systems, weakly mechanized and dependent on rainfall withdrawals, aggravates their vulnerability (Mairi, 2019, p. 7 ; Topeur, 2023, p. 45).
This situation translates into an intensification of extreme events such as droughts and floods, amplifying 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 an alternation of periods of high humidity and severe droughts, followed by a rainfall resumption testifying to strong climate variability (Sankara, 2010, p. 5). Recently in the Central Plateau area of Loumbila (2023-2025), no major catastrophe (drought or flood) has occurred, but late starts of the rainy season and moderate water deficits raise concerns for rainfed vegetable production. These fluctuations compromise food security and the livelihoods of rural communities largely dependent on natural resources (Zambo, 2021, p. 15).
In Burkina Faso, this variability—characterized by wet years (>800 mm) abruptly alternating with drought years (<500 mm) and seasonal shifts of 2-4 weeks—is confirmed by scientific studies and the perceptions of local populations (Cangré & Evelyne, 2015, p. 83). The Loumbila commune, located in the Central Plateau, perfectly illustrates this vulnerability, its economy mainly resting on rainfed market gardening sensitive to variations in climate parameters, particularly rainfall (Kaboré, 2025, p. 6).
Periods of water deficit often lead to significant yield decreases, accentuating food insecurity and weakening the incomes of rural households. Furthermore, the absence of effective irrigation infrastructures and appropriate meteorological alert systems limits the producers' capacity to anticipate or mitigate the impacts of climate hazards. These constraints are corroborated by St-Hilaire et al. (2016, p. 52), who analyze adaptation strategies to climate change in water resource management in West Africa, and by Ilboudou et al. (2023, p. 395), who document peasant perceptions of extreme climate risks affecting rainfed crops in the Massili watershed at Loumbila.
This study stands out by its continuous quantitative analysis of 30 years of data from the National Meteorology Agency (ANAM) (1992-2022) specific to Loumbila. Unlike regional approaches (St-Hilaire et al., 2016) or qualitative ones (Ilboudou et al., 2023), it integrates SPI, Mann-Kendall and Pettitt with statistical validation (QQ/PP plots). It proposes adaptation strategies adapted to Loumbila's specific conditions. Better knowledge of local climate trends, combined with adapted technical solutions, therefore constitutes an essential lever to strengthen community resilience. This study aims to characterize the spatio-temporal aspects of rainfall variability in the commune. The objective is to provide updated knowledge to better guide local adaptation strategies in the face of climate risks, while ensuring the resilience of agricultural systems.
1. PRESENTATION OF THE STUDY AREA
[bookmark: _Toc210156908][bookmark: _Toc210159545]The municipality of Loumbila (Map 1) is located in Oubritenga Province, in the Central Plateau region. It is one of seven (7) municipalities in the province and lies twenty-five (25) km from the capital Ouagadougou along National Road No. 3 (Ouagadougou-Dori), and thirteen (13) km from Ziniaré, the provincial capital. It covers 177 km² (6.16% of Oubritenga Province's total area) and comprises thirty-one (31) villages. In accordance with Law No. 030-99/AN establishing municipal administrative boundaries in Burkina Faso, it is bordered:
. To the west by Pabré Municipality and Nongr-masson District (Ouagadougou, Kadiogo Province);
. To the north by Dapelgo Municipality (Oubritenga Province);
. To the south by Saaba Municipality (Kadiogo Province).
Map 1 shows the municipality of Loumbila.
[image: ]Carte 1 : Location of Loumbila Municipality
1.1 Methodology
The study of climate variability in Loumbila Municipality focused on rainfall analysis, a key variable for understanding local water regimes and agro-environmental dynamics. Rainfall was selected due to its scientific relevance and critical role in regional climate change assessment. Data were obtained from Burkina Faso's National Meteorological Agency (ANAM) station in Loumbila, spanning a 30-year period (1992–2022), consistent with World Meteorological Organization (WMO) recommendations for robust climatological analysis. This timeframe ensures data quality, homogeneity, and statistical reliability.

Record reliability was verified following Bambara et al. (2019, p. 2), applying breakpoint and normality tests to detect anomalies or discontinuities in the rainfall series. Temporal analysis included graphical examination of annual trends via linear regression and interannual variations to characterize wet and dry cycles.
Non-parametric tests—the Mann-Kendall test and Sen's slope—quantified trend direction and magnitude, identifying significant monotonic changes. The Standardized Precipitation Index (SPI ; McKee et al., 1993) assessed drought and wet period intensity/frequency. Results validity was confirmed through QQ and PP plots, verifying distributional conformity to statistical assumptions
1.2. Statistical study of rainfall variability
1.2.1 Normality tests (Q-Q plot and P-P plot)
Q-Q plots assess whether annual rainfall follows a normal distribution by comparing observed quantiles against theoretical normal quantiles. In Burkina Faso, characteristic deviations at Q-Q plot extremes reflect extreme rainfall events and data asymmetry, indicating pronounced interannual precipitation variability often linked to irregular rainy seasons.
P-P plots compare observed cumulative probabilities of the rainfall series against theoretical normal probabilities. Deviations from the 1 :1 diagonal line—particularly in central or extreme regions—reveal non-normality, highlighting frequent extreme events and the irregular rainfall regime characteristic of Loumbila.
These QQ and PP plots constitute the normality tests for the rainfall series.


Figure 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 Trend Detection
The Mann-Kendall test, a rank-based nonparametric method, detects monotonic trends in hydroclimatic time series. It is robust to outliers and requires no distributional assumptions.
Figure 2 shows the temporal evolution of mean annual rainfall in Loumbila, with Sen's slope indicating trend magnitude.









Figure 2 : Identification of significant trends
Source : ANAM data (1992–2022)
The 30-year rainfall record in Loumbila underscores the challenges facing Sahelian market gardening, where precipitation variability demands substantial adaptive capacity from producers (Bationo, 2013, p. 12). The Mann-Kendall test (Mann, 1945 ; Kendall, 1975), as applied by Benjamin et al. (2013, p. 18), detects long-term rainfall trends while remaining insensitive to interannual fluctuations.
Results reveal apparent precipitation stability punctuated by deficit and surplus years, reflecting persistent rainfall regime irregularity. This variability complicates agricultural planning and heightens dependence on seasonal rains. Graphical analyses indicate fragile equilibrium frequently disrupted by delayed or poorly distributed rainfall—locally termed "phantom years" yielding low harvests (Drias, 2020, p. 14). Market gardeners have developed local adaptations, including adjusted sowing schedules (Sebego, 2016, p. 41), though diminishing rainfall regularity constrains options, elevating production costs and economic risks (FAO, 2022, p. 45 ; Climate Action Network, 2017, p. 22). Anticipating rainfall pattern shifts thus emerges as critical for agricultural resilience (Fluet, 2006, p. 89). Ultimately, market gardening sustainability hinges on collective adaptation to intensifying rainfall variability (Bognini, 2023, p. 28).
1.2.3    Time series break analysis
This analysis utilized a time series of mean annual precipitation subjected to multiple nonparametric tests. The Pettitt test (p < 0.001) identified a significant breakpoint in the precipitation regime, corroborated by Von Neumann and Mann-Kendall tests, indicating a marked shift in temporal dynamics. These robust findings necessitate further investigation into underlying causes and implications.
Figure 3. Breakpoint in the time period series 
Source : ANAM data processing (1992–2022)
Statistical analysis reveals a major rainfall breakpoint around 2016 in Loumbila, characterized by significantly increased mean precipitation volumes (Kiki, 2019, p. 65). This shift aligns with regional patterns observed in Niger, featuring shortened rainy seasons and heightened variability (National Adaptation Plan, Niger, 2022, p. 99). Such instability complicates agricultural planning, particularly water access and crop rotation (Siégnounou, 2023, p. 28).
Market gardeners are adapting through diversified cropping systems and optimized irrigation practices (Kempay et al., 2024, p. 89). The Saclay Plateau exemplifies rising climate-driven irrigation demands, underscoring agroecological techniques' importance (Nguyen Vien, 2023, p. 36). Climate-market linkages strongly influence crop selection and economic strategies (Lothoré & Delmas, 2009, p. 29).
In Burkina Faso, water management poses persistent challenges, with innovations like crop associations enhancing resource efficiency (IRD Éditions, 2008, p. 229 ; Perrin & Lefevre, 2019, pp. 59, 68). Local rainfall knowledge mastery proves essential for market gardening sustainability (UNDP, 2014, p. 19). These dynamics confirm the need for integrated, collective climate-resilient agricultural approaches.
2. RESULTS AND DISCUSSION
2.1 Results
2.1.1 Rainfall variability
From October to April extends the dry season, characterized by near-zero precipitation and high temperatures causing severe water stress for vegetation. The rainy season (May to September) concentrates most precipitation within 3-4 critical months—June, July, August, and sometimes early September—making market gardening production entirely dependent on this very narrow rainfall window. This stark seasonal alternation structures all local agricultural activity between periods of abundance and severe water scarcity.
Between 1992 and 2022, annual precipitation in Loumbila fluctuated markedly: 587.8 mm in 1997 (major drought year) versus 1,010.3 mm in 2021 (exceptionally wet year). Linear regression (y = mx + b) quantifies the average annual rainfall trend, with its positive slope (m) indicating a slight volume increase over 30 years. Figure 4 perfectly illustrates this variability and overall trend across the three decades.
Figure 4 presents the annual evolution of precipitation in Loumbila (1992–2022) with the linear regression line revealing the long-term cumulative rainfall trend.
Figure 4 : Precipitation trends 
Source : ANAM data processing (2022)
2.1.2 Standardized Precipitation Index (SPI)

 In Loumbila, the SPI trend over three decades reveals marked alternation between wet and dry years. During this period, 15 years experienced wet conditions (6 very wet years and 9 moderately wet years), while the other 15 years were characterized by drought (moderate, severe, or extreme). Classification thresholds (very wet, moderately wet, moderate/severe/extreme drought) are detailed in Table 1 according to international SPI standards. This high water instability renders agriculture vulnerable to rainfall fluctuations, as illustrated by Figure 5 showing SPI oscillations over 1992–2022.
Figure 5 illustrates SPI evolution in Loumbila (1992–2022)

Figure 5 : 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

	Number of years
	0
	6
	9
	6
	5
	4

	Meaning
	Extremely wet
	Very wet
	Moderately wet
	Moderately dry
	Severely dry
	Extremely dry


Source : ANAM (2023)
2.2 Discussion 
Rainfall variability in Loumbila Municipality reveals complex dynamics directly affecting agricultural practices and local food security (Kaboré, 2025, p. 3). Located in Burkina Faso's Central Plateau, this area experiences an intertropical monsoon regime characterized by pronounced precipitation irregularity (Mairi, 2019, p. 7; Topeur, 2023, p. 45). Interannual rainfall fluctuations exhibit random behavior, consistent with patterns observed across the Burkinabè Sahel (Le Barbé & Tapsoba, 1994, p. 10). Three distinct climatic phases emerge: moderate drought (1991-2006), alternating wet/dry periods (2007-2015), and a recent wet phase (2016-2020), confirming high rainfall regime instability (Sultan & Janicot, 2004, p. 321). Mann-Kendall and SPI results demonstrate statistical robustness, supported by the superior power of these nonparametric tests (Yue & Pilon, 2004, p. 27) and their reliable R implementation (McLeod, 2005, p. 4). The SPI approach finds validation in other Sahelian contexts (Guenouche & Bourtal, 2023, p. 45). This variability severely impacts market gardening production during water deficits, threatening regional food security (Sultan et al., 2005, p. 331).
Loumbila Dam, central to local irrigation, faces mounting climatic and anthropogenic pressures (Botongho & Emma, 2015, p. 88), while its ecological degradation further limits agricultural support capacity (Ouattara et al., 2025, p. 582). Burkinabè farmers accurately perceive these changes and adapt practices to hydrological uncertainty (Ouédraogo et al., 2010, p. 91). However, frequent SPI droughts and deteriorating water resources severely constrain adaptation options (Guenouche & Bourtal, 2023, p. 78).
Integrated water management and practice diversification emerge as essential levers for enhancing agricultural resilience in Loumbila (Eugène, Albert, & Issiaka, 2005, p. 31).
CONCLUSION
The study demonstrates that Loumbila Municipality, consistent with broader Sahelian contexts, exhibits pronounced rainfall variability. Analysis of thirty-year rainfall records reveals substantial interannual fluctuations, characterized by alternating dry and wet phases that underscore persistent hydrological imbalances and climatic instability typical of irregularly precipitating regions.
The Standardized Precipitation Index (SPI) corroborates this pattern, evidencing an elevated frequency of dry years alongside moderate to extreme drought episodes. These precipitation anomalies directly impair rainfed vegetable production, reducing yields and exacerbating rural household vulnerability.
Consequently, enhancing local resilience demands targeted adaptation measures, including improved rainwater harvesting, crop diversification, and sustainable farming practices. Such interventions are critical to mitigating rainfall variability impacts and securing long-term agricultural productivity in Loumbila.
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Moyenne




Moyenne
Moyenne	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	62.54999999999999	62.233333333333327	58.366666666666667	56.449999999999996	48.983333333333341	56.841666666666676	66.683333333333337	49.508333333333326	51.558333333333337	54.68333333333333	70.641666666666666	66.024999999999991	69.99166666666666	49.733333333333327	59.433333333333337	63.95000000000001	76.966666666666669	69.916666666666671	57.45000000000001	83.583333333333329	66.275000000000006	70.325000000000003	74.883333333333326	81.174999999999997	72.841666666666669	71.683333333333323	71.058333333333337	79.641666666666666	84.191666666666663	78.25833333333334	mu1 = 59,227	1	16	59.227083333333326	59.227083333333326	mu2 = 74,161	17	30	74.160714285714292	74.160714285714292	Date

Moyenne


Cumul pluviométrique	
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	698.7	750.59999999999991	727.8	700.2	677.4	587.80000000000007	668.30000000000007	800.2	594.09999999999991	618.70000000000005	656.19999999999993	847.7	771.99999999999989	839.9	596.79999999999995	713.2	767.40000000000009	923.6	839.00000000000011	689.40000000000009	1003	795.30000000000007	843.90000000000009	898.59999999999991	974.1	874.1	860.19999999999993	852.7	955.69999999999993	1010.3	Années


Précipitation (mm)



spi	1992	1993	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	-0.56116315707689834	-0.56116315707689834	-0.56116315707689834	-0.54502233646425835	-1.1951636184399665	-1.5253130876321703	-4.5112947545379622	-1.5506358240379634	6.4892588436035681E-2	-3.5437106581587257	-2.3978353743704068	-1.904825640768256	0.7323115350253061	-2.4165272929207796E-2	0.47710667267206847	-2.8672223879876606	-0.94006646327289023	-0.32188722100731654	1.2528856051748458	0.52923579535046195	-1.3980105706428654	1.7305062155267013	1.1024102813331728E-2	0.59276306241286658	0.9896066059161861	1.4917634689690993	0.81386230118573877	0.72655866198696151	0.60739237799574275	1.4478536178039532	1.9473549077444072	1.4367659167201696	Date


SPI



Q-Q plot (Moyenne-pluie)
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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