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CLIMATE VARIABILITY AND WATER STRESS IN VEGETABLE CROPS IN LOUMBILA, BURKINA FASO (1992–2022)


ABSTRACT
The relationships between temperature variability, evapotranspiration, relative humidity, and water resources have been clearly established. Seasonal analysis reveals direct hydrological effects, including prolonged periods of water scarcity and increasingly limited water resources for agricultural activities. This study is based on meteorological data from the National Meteorological Agency of Burkina Faso (ANAM) for the period 1992–2022 in Loumbila. It examines four climate parameters: air temperature, potential evapotranspiration (PET), relative humidity, and wind speed. The annual average temperature is approximately 29 °C, rising from 28.04 °C in 1992 to 29.78 °C in 2021. ETP has an annual average of 2,121.9 mm, with a minimum of 1,878.4 mm in 2005 and a maximum of 2,388.7 mm in 2020. The average annual wind speed rose from 1.94 m/s in 1992 to 3.16 m/s in 2020, reflecting a gradual intensification of winds. Relative humidity remains low for much of the year, especially from November to May under the influence of the harmattan, and reaches its highest levels only in August, at the height of the rainy season. Monthly and annual climate data series are analysed using linear regression and statistical tests to identify trends and extreme events. The results confirm rising temperatures, consistently high ETP, prolonged dry conditions, and stronger winds. These conditions increase crop water requirements and prolong water stress. They have a direct impact on vegetable production and food security for households in Loumbila.
The sustainability of production systems, therefore, depends on adaptation strategies and agroecological innovations. These include improved irrigation, soil protection against wind and evaporation, and the diversification of crops and activities. The use of methods that are more resilient to climate change is also necessary.
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INTRODUCTION
Climate variability, characterised by short- and long-term f luctuations in weather and climate conditions, represents a major challenge for contemporary societies. The effects of this variability manifest themselves in a series of impacts on natural and human systems, including an increase in the frequency and intensity of extreme events such as heat waves, f loods and droughts. Climate variability poses significant challenges throughout the world, and particularly in Africa. Because of its economic dependence on agriculture, its vulnerable infrastructure and the diversity of its ecosystems, the African continent is particularly sensitive to the effects of this variability (Zoma, 2024). In Burkina Faso, particularly in the Central Plateau and Loumbila, climate trends are increasingly threatening the sustainability of vegetable crops. These crops play a vital role in food security for households living in rural and peri-urban areas, while also serving as a significant source of income. However, they are highly dependent on local hydro-climatic conditions. Siégnounou, B., (2011) emphasises that vegetable crops in this region are particularly vulnerable to climate variations. These crops are especially affected by changes in water resources and by extreme weather events. In this context, the recent rise in temperatures, the decrease in relative humidity during the dry season, the increased frequency of drying winds, and the rise in potential evapotranspiration (PET) exacerbate the water stress on soils and crops. This hinders agricultural productivity in a Sahelian environment already characterised by high ecological vulnerability.
Thus, in Loumbila, temperature changes, potential evapotranspiration (PET), atmospheric humidity, and wind directly influence the water requirements of vegetable crops. These factors determine water losses through evaporation and transpiration.
According to climate data, temperatures in Burkina Faso have been rising since the 1950s. According to Ouedraogo, M. (2012), in Ouagadougou, near Loumbila, there has been a marked increase in annual average temperatures. An analysis of temperature extremes for the period from 1960 to 2019 reveals an intensification of heatwave episodes in the central part of the country. Farmers are already observing adverse effects on food crops, particularly on millet in the Sahelian and Sudano-Sahelian regions. This situation highlights the vulnerability of production systems to temperature extremes and water shortages (Bougma, L. A. et al., 2018). Rising temperatures exacerbate ETP, reduce agricultural profits, promote desertification, and disrupt crop cycles. According to the Ricardian approach, a 1% increase in temperature could cause a 3.6% decrease in income, highlighting the high sensitivity of farms to temperature fluctuations (Sodjinou, E. & Hounkponou, S. K., 2019).
In the Nakambé Basin, the relationships between temperature variability, evapotranspiration, relative humidity, and water resources have been clearly established. Seasonal analysis reveals direct hydrological effects, including prolonged periods of water scarcity and increasingly limited water resources for agricultural activities (Ibrahim, B., 2012). Local observations in the northern part of the country, particularly in Oula, indicate a gradual deterioration of the environment, characterised by rising temperatures, drier air, stronger winds, and a reduction in the soil’s ability to retain water (Ouedraogo et al., 2017). These observations are consistent with findings from other Sudano-Sahelian environments, where the combination of intense heat, low relative humidity, and dry winds has been identified as a key factor in water shortages and the drying up of vegetable garden water sources.
Projections of the effects of climate change predict a 30–50% increase in ETP by 2050 in various Sahelian basins, thereby exacerbating water shortages and increasing the risks of desertification and the degradation of arable land (Ardoin Bardin, S. et al., 2005). Similarly, the ambiguities associated with modeling ETP and related parameters—particularly relative humidity and wind—highlight their critical importance in water research and in measuring crop water requirements (Dallaire, G., 2019). Here, the integration of these parameters is not limited to a strictly biophysical aspect: it also determines the economic viability of vegetable farms, which face a constant rise in irrigation costs.
Agriculture plays an important role for Burkina Faso’s economy and the population’s food and nutrition security. Overall, 80–90% of the population is engaged in smallholder farming and heavily relies on agriculture for food security and livelihoods. Many rural households in the country are also heavily dependent on livestock, as they live below the poverty line and face major constraints in producing or buying food to meet a satisfactory intake of calories and proteins (Röhrig et al., 2021). Faced with these constraints, vegetable crops—which require large amounts of water and are highly sensitive to extreme fluctuations in humidity—play a central role in adaptation challenges in the peri-urban regions of Burkina Faso. According to research on climate-smart agriculture in West Africa, several methods help strengthen agricultural resilience. Localised irrigation, mulching, rational groundwater management, and organic fertilisation help increase productivity. Selecting varieties that are more resistant to heat and water stress also improves adaptation to climatic constraints (Kpadonou, G. E. et al., 2019).
 For Burkina Faso, the study of the sustainability of vegetable farms also highlights the critical importance of water management and the organisation of labor. The socioeconomic status of farmers also appears to be a key factor in coping with worsening climatic constraints (Ouedraogo, F., 2019).
In this context, the analysis of climatic conditions in Loumbila provides an appropriate framework for studying the links between local climate dynamics and the sustainability of vegetable crops. This article aims to examine the simultaneous changes in temperature and ETP in Loumbila over a thirty-year period, incorporating relative humidity and wind influence into the interpretation of water balances. It also seeks to characterize their spatiotemporal dynamics and assess their consequences on water requirements and the sustainability of vegetable farming systems.
1.  MATERIALS AND METHODS
1.1. STUDY AREA
The commune of Loumbila (see Map 1) is located in Oubritenga Province, within the Central Plateau Region. It is one of the province’s seven communes and lies approximately 25 km from Ouagadougou, along National Highway No. 3 toward Dori, and about 13 km from Ziniaré, the provincial capital. Its territory covers 177 km², or 6.16% of Oubritenga’s total area, and comprises 31 villages.
In accordance with Law No. 030-99/AN establishing the administrative boundaries of municipalities in Burkina Faso, Loumbila borders the following areas: to the west, it is bordered by the municipality of Pabré and the district of Nongr-Massom (Ouagadougou, Kadiogo Province); to the north, by the commune of Dapelgo (Oubritenga Province); and to the south, by the commune of Saaba (Kadiogo Province).
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1.2. METHODOLOGY
The research is based on a structured methodology that adheres to the standards of applied climatology. To identify the conditions affecting the sustainability of vegetable crops in Loumbila, four factors were selected: temperature, potential evapotranspiration (PET), humidity, and wind speed. These variables were selected for their importance in climate-related water demand, evapotranspiration fluxes, and water stress in vegetable crops within a Sudano-Sahelian environment (Ben Mansour, S. & Korichi, R., 2013).
The meteorological data were obtained from the National Meteorological Agency (ANAM) of Burkina Faso and cover thirty years, from 1992 to 2022. This period complies with current guidelines for studying climate trends, providing sufficiently long time series to understand multi-year variability and long-term changes. This time frame allows for the identification of robust climate patterns regarding temperature, ETP, relative humidity, and wind at the local level. Prior to analysis, the climate data series underwent quality and homogeneity checks.
The objective of this phase is to identify and, if necessary, correct artificial discontinuities associated with changes in collection sites, equipment modifications, or protocol variations. It aligns with previous research emphasising the importance of having homogeneous data series for the accurate detection of climate signals (Beaulieu, C., Ouarda, TBMJ & Seidou, O., 2007). To ensure the success of this step, homogeneity and normality tests derived from frequentist and Bayesian methodologies were implemented, including for wind and relative humidity series, whose homogenization generally presents particular challenges (Beaulieu, C., 2009).
The temporal analysis is based on the development of annual and monthly time series for each of the four parameters. The series is analysed using graphical visualizations and simple linear regression fits to determine the direction and magnitude of trends. This method helps identify times of the year when weather conditions become particularly challenging for vegetable farming systems. It is consistent with approaches used in other studies on climate and water resources in West Africa, where seasonal cycles are critical for understanding the impacts on agriculture (Mahé, G., et al., 2011).
To measure monotonic trends, nonparametric statistical tests were used, notably the Mann-Kendall test in conjunction with Sen’s slope estimate. These methods are designed for climate time series, which do not always meet the assumptions of normality and may include outliers. They are often recommended for analysing trends in variables such as temperature, ETP, relative humidity, and wind speed (Kendall, M.G., 1975, cited by Beaulieu, C., 2009). Their use ensures a robust assessment of the direction and magnitude of changes in the examined series.
For Loumbila, this methodological approach facilitates the detection of potential increases in temperature and ETP, as well as changes in relative humidity and wind patterns. The combination of these four factors highlights precisely the water-related challenges facing vegetable crops, especially when the increase in water demand due to climate change is not offset by adjustments to irrigation inputs (Ben Mansour, S., & Korichi, R., 2013). This study is part of the broader approach to climate-smart agriculture, where incorporating climate factors into agronomic decision-making is essential for improving the resilience of production systems in sub-Saharan Africa (Ouédraogo, I., Bonkoungou, J., & Yanogo, IP., 2022).
1.2.1. STATISTICAL ANALYSES OF CLIMATE TIME SERIES
This section details the main statistical analyses performed on the temperature, ETP, relative humidity, and wind data series, with the aim of illustrating their variation over time and their trends. It thus provides the necessary numerical basis for examining the impact of these factors on water constraints and the sustainability of vegetable crops.
 			1.2.2. NORMALITY TESTS (Q-Q PLOT AND P-P PLOT)
The Q-Q plots generated for the temperature, ETP, and relative humidity time series confirm conformity with the normal distribution. However, deviations at the extremes highlight the presence of outliers and significant interannual variability. The P-P plots compare observed probabilities with theoretical normal probabilities. If the curve deviates from the diagonal, this indicates a distribution that is not strictly normal. This reinforces the idea of frequent occurrences of extreme events in these local climate series, particularly for ETP and relative humidity.
	
	

	
	










Figure 1 : Normality tests for climate parameters using Q-Q plots
Source: ANAM data (1992–2022
	
	

	
	


      Figure 2: Normality tests for climate parameters using P-P plots
       Source: ANAM data (1992–2022)
Q–Q plots and P–P plots for temperature, PET, mean wind speed, and relative humidity were analyzed for the period 1992–2022 using data from ANAM. The results indicate distributions close to normal (Bouteldjaoui, F., Bessenasse, M., and Guendouz, A., 2012). This near-normality allows the use of parametric tests, given that the observed quantiles remain close to the theoretical quantiles (L’Hote, Y., 2000).
According to Bambara, D., Sawadogo, J., Kaboré, O., and Bilgo, A. (2019, p. 7), the average temperature is around 29 °C, which is generally beneficial for vegetable crops in the Sudano-Sahelian region. Mean wind speed and humidity levels also remain consistent with plant physiology (Ben Mansour, S., and Korichi, R., 2013). However, the increase in heat and wind, coupled with a decrease in relative humidity, intensifies the lack of water in the air (Karambiri, B. L. C. N., Dipama, J. M., and Sanou, K., 2019). This trend reduces the period of moisture required for rain-fed crops (Bambara et al., 2019, p. 7).
According to Bambara et al. (2019, p. 8), in Ouagadougou there is already a 25% reduction in the humid phase and a 59% reduction in the plant growing period, which could have a similar impact on vegetable crops in Loumbila. Research conducted in Benin also indicates that climate variability has a direct impact on vegetable production (Atidegla, S. C., Koumassi, H. D., and Houssou, E. S., 2017). Thus, the duration of humid phases proves to be an essential criterion for ensuring the growing season (Ouedraogo, I., Sampebgo, A. A., and Bonkoungou, J., 2023).
In Loumbila, an upward trend in PET is observed. The increase in water loss from the plant cover is due to higher temperatures, stronger winds, and decreasing relative humidity (Ben Mansour and Korichi, 2013; Bouteldjaoui et al., 2012). Thus, crops require more water, particularly during the dry season or when rainfall is interrupted (Karambiri, B. L. C. N., et al., 2019). In this context, it is important to adopt water-saving irrigation systems and methods to preserve soil moisture in order to secure vegetable production (Adoko, K. F., 2020, p. 15; Goubi, M., and Louazene, N., 2013). Poor water management could lead to a persistent decline in productivity (Atidegla et al., 2017).
In the context of Burkina Faso, the effects of climate change are manifested through rising temperatures, significant variability in rainfall, and alterations in wind and relative humidity regimes (Karambiri et al., 2019). These changes affect hydrological balances and evapotranspiration, sometimes reducing water resources available for agriculture (Nnomo, B. N., 2016, p. 132). They also promote prolonged drought periods, which undermine poorly irrigated vegetable systems (Ben Mansour and Korichi, 2013). It therefore becomes essential to ensure coordinated management of water and climatic factors (Ndao, T., 2008).
In conclusion, the differences noted in the Q–Q and P–P plots remain minimal and are consistent with Sahelian climate variability (L’Hote, Y., 2000; Karambiri et al., 2019). The use of linear regressions and trend tests, such as the Mann–Kendall test and Sen’s slope, to study the evolution of climatic parameters and their impact on vegetable crops in Loumbila is justified by this near-normality.
1.2.3. Mann-Kendall test for identifying trends
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Figure 3: Identification of Significant Trends
Source: ANAM data (1992–2022)
An analysis of meteorological data from the municipality of Loumbila over a 30-year period was conducted using the Mann-Kendall test and Sen’s slope method. It examines four key climatic factors: temperature, potential evapotranspiration (PET), relative humidity, and wind speed. These factors have a significant impact on water availability and the productivity of vegetable farming systems in Sahelian regions.
The data first indicate a gradual rise in average temperature, corroborated by a positive Sen slope. This trend is consistent with findings of regional warming in Burkina Faso (Bambara, D., Sawadogo, J., Kaboré, O., & Bilgo, A., 2019). Rising temperatures affect various physiological processes in plants, including photosynthesis and transpiration. They can also shorten crop cycles and increase water requirements (Adra, F., 2017). In this context, it is essential to manage water resources to maintain the productivity of vegetable farms (Yameogo, J., 2025).
Potential evapotranspiration shows a slight increase, although fluctuations remain modest. This increase reflects a growing demand for water due to climate change. Indeed, PEV represents the degree of atmospheric exposure to which crops are subjected (Dancette, C., 1983). This increase, although moderate, coupled with rising temperatures, is likely to increase the water needs of plantations. PEW therefore proves to be an essential indicator for assessing irrigation needs and guiding water use in vegetable farming systems in Loumbila (Kodja, D. J., 2018).
Furthermore, there is significant interannual variability in relative humidity, accompanied by a general downward trend. This decrease increases atmospheric evaporation demand and stimulates the evaporation of water from the soil and vegetation. It can therefore amplify water stress on crops, particularly during periods of intense heat (Meridja, S., 2011).
There is also a moderate trend toward an increase in average wind speed. Stronger airflow promotes cooling of the air above crops and amplifies water losses through evaporation and transpiration. This process facilitates soil drying and increases plant water demand (Ta, A.-N., 2009).
Overall, these climate changes are contributing to a worsening water deficit in the study region. Increased heat and wind, coupled with a decrease in relative humidity and an increase in ETP, exacerbate water losses in agricultural systems. In the Sahelian context, where water remains a scarce resource, this situation poses a major challenge for vegetable production (Bognini, S., 2011).
In this context, water management tools are essential. Reference evapotranspiration (ET₀) can be estimated using the Penman-Monteith model. In a hot and windy climate, this results in more significant water losses. Consequently, crops require a greater water supply to sustain their growth. Inappropriate irrigation can increase water stress and reduce agricultural productivity (Debba  et al., 2012).
Furthermore, numerous studies indicate that rising temperatures and evapotranspiration, combined with rainfall variability, can increase the frequency of droughts. These conditions prolong drought periods and weaken crop systems, particularly water-dependent vegetables (Ndaw et al., 2025).
In summary, the study reveals a gradual rise in temperatures, a modest increase in evapotranspiration and wind speed, and a decrease in relative humidity in Loumbila. These changes may exacerbate water shortages for agriculture. In light of these changes, it is essential to modify agricultural practices, particularly through improved irrigation, the use of water-stress-tolerant varieties, and better water resource management (Ibrahim, B., 2012).

2. Results and Discussion
2.1. TEMPERATURE TRENDS
In the Sahelian context, temperatures play a crucial role in agroecological balance and farming practices, particularly for vegetable crops, which are sensitive to heat and water stress (Bognini, S., 2011; Kpadonou, GE et al., 2019). In Loumbila, an analysis of the past three decades reveals a clear and continuous increase in annual temperatures. The trend in the annual average temperature, which rose from 28.04°C in 1992 to 29.78°C in 2021, shows an increase of 1.74°C over this period. This reinforces the hypothesis of gradual warming that is detrimental to vegetable farming systems (Blein, R. et al., 2008). This gradual rise in temperature is not without impact on vegetation cycles, water regulation, and crop yields. Temperatures generally peak between March and May, while the coolest months, which fall in the middle of the dry season, occur from December to January (Bognini, S., 2011). The year-to-year variations, which are now being recorded, also highlight significant heat waves that could intensify water stress or accelerate the ripening stages of crops, directly affecting agricultural yields (Kpadonou, G.E. et al., 2019). Figure 4 concisely presents this variation in temperatures in Loumbila, highlights the upward trend, and underscores the importance of monitoring this index to understand local climate dynamics and their impacts on vegetable production.[bookmark: _Toc210155312]        Figure 4: Temperature Trends

     Source: Analysis of ANAM data (2022)
2.1.2. TRENDS IN POTENTIAL EVAPOTRANSPIRATION (PET)
Potential evapotranspiration (PET) is a key indicator for assessing the water status of crops in a Sahelian region such as Loumbila. It measures the amount of water that is lost from the soil and plants under ideal humidity conditions, thereby providing a key benchmark for evaluating the irrigation needs of agricultural systems. Over the 1992–2022 period, the data show a marked increase in PEW, with an annual average of 2,121.9 mm. The annual minimum was observed in 2005 at 1,878.4 mm, while 2020 recorded a peak of 2,388.7 mm, reflecting increasingly arid conditions and growing pressure on regional water resources. This upward trend in evapotranspiration is summarised in Figure 5, which highlights the annual evolution of ETP in Loumbila.
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      Source: Analysis of ANAM data (2022)
2.1.3. CHANGES IN WIND SPEED
In the Sahelian regions, wind speed plays a significant role in evaporation, wind erosion, and soil degradation (Bambara, D., Thiombiano, A., & Hien, V., 2016). In Loumbila, the increase in the average annual wind speed, from 1.94 m/s in 1992 to 3.16 m/s in 2020, reflects a regional intensification of winds linked to climate change. This intensification increases soil erosion, reduces soil fertility, and disrupts the water balance, posing a direct threat to vegetable crops (Atidegla, S. C., Koumassi, H. D., & Houssou, E. S., 2017). To address this, it is recommended to plant windbreaks, improve soil management and conservation, and use mulching and intercropping to limit erosion and maintain soil moisture, as shown by recent studies on the resilience of vegetable farming systems in Burkina Faso (Dao, A. Z., Songanaba, R., Sodore, A. A., & Mathieu, N., 2024).
Figure 6, which shows the trend in wind speed in Loumbila, confirms this upward trend and highlights its implications for local vegetable farming.

Figure 6: Wind Speed Trends


Source: Analysis of ANAM data (2022)
2.14. CHANGES IN RELATIVE HUMIDITY
Figure 7 shows that from November to May, Loumbila experiences a dry season dominated by the harmattan, which keeps humidity levels low. During May and June, the northward movement of the intertropical convergence zone brings in masses of moist air from the Gulf of Guinea, causing a gradual increase in atmospheric humidity that peaks in August. In the middle of the rainy season, dew tends to form regularly during the early hours of the day.
Figure 7: Changes in Relative Humidity










 Source: Analysis of ANAM data (2022)
2.1. DISCUSSION
In Loumbila, where the climate is semi-arid, vegetable farming is greatly influenced by factors such as temperature, relative humidity, wind speed, and evapotranspiration. These factors determine both irrigation water requirements and crop yields. During the dry season, temperatures frequently exceed 30°C while humidity remains low, exacerbating atmospheric evaporation and making vegetable cultivation an activity heavily dependent on irrigation (Niang, AKM., 2014; Vodoounon, HST et al., 2016). The Harmattan season, characterized by dry, strong winds, amplifies these water losses through evapotranspiration (Diarra, A., 2017). These conditions lead to regular water stress in the field, reduced plant growth, and, ultimately, lower yields for essential vegetable crops such as tomatoes, cabbage, lettuce, and chilli peppers.
In this situation, water emerges as a key limiting factor. Climate fluctuations (such as droughts, irregular rainfall, and heat waves) have a direct impact on productivity in irrigation systems in semi-arid regions (Benhadj, I., 2008). It is therefore crucial in Loumbila to manage irrigation precisely—in terms of frequency, quantity, and technical method—to mitigate rapid losses due to evapotranspiration and reduce water stress in vegetable crops.
To cope with these constraints, farmers employ various techniques: regular irrigation, the use of short-cycle seeds, off-season cropping, and crop diversification. These methods have proven effective in mitigating the impact of climate fluctuations on yields in the Ahomey Gblon plain in Benin as well as in other vegetable-growing environments in West Africa (Atidegla, SC et al., 2017; Bougma, LA et al., 2018). They promote better utilisation of favourable weather periods, more judicious use of limited water resources, and the maintenance of satisfactory vegetable production despite hot, dry, and windy conditions.

CONCLUSION
Like many regions in the Sahel, the municipality of Loumbila faces significant climate variability. This is reflected in rising temperatures, potentially high evapotranspiration, generally low humidity, and a slight increase in wind speed. These conditions promote evaporation and transpiration, contributing to rapid soil dehydration. Consequently, water requirements for vegetable crops are increasing.
This trend intensifies water stress and jeopardizes production. Crops’ dependence on irrigation is growing, even though water resources remain limited. Inappropriate irrigation management can therefore disrupt crop cycles and reduce yields. 
In this context, the sustainability of vegetable farming in Loumbila depends on optimised water management and the adaptation of agricultural methods. It is necessary to optimise irrigation efficiency and protect the soil from evaporation and wind. It also seems essential to adopt agroecological methods such as mulching, the use of organic fertilisers, and the selection of varieties more resistant to water stress. These initiatives are essential for supporting vegetable farming and strengthening food security at the local level.
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