
Highlighting climate spatial evolution in Kolda region's agricultural watershed
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ABSTRACT 

	In several developing countries, the quest for food sovereignty has generated considerable interest at the local and regional levels. Food production is heavily dependent on traditional rain-fed agriculture, which is highly sensitive to climatic fluctuations. Understanding climatic cycles in relation to production systems and water resource availability is now the subject of a well-established consensus. This step is essential for any sustainable development project. In this study, we examined the variability and trends of various climatic variables, including precipitation, temperature, and relative humidity at the Kolda station over the period 1960–2014. Our approach is based on a monthly and annual graphical representation of these variables. These variables were chosen because they represent valuable indicators of climate change for both populations and ecosystems. Thus, at the end of the study, the results obtained are consistent and revealing. The results showed that the diverse ecosystems of the Kolda region are highly sensitive to variations in precipitation, temperature, and relative humidity. The region faces climate challenges, including irregularity, rising and falling temperatures depending on the parameters studied. These situations have contributed to water scarcity and increased ecological and social vulnerability.



Keywords: climate events, water resources, water scarcity, agricultural systems, subsistence farming, human well-being, sustainable development

1. INTRODUCTION 

Over the past few decades, climate change has consistently been recognized as a major issue at local, regional, and even international levels (Lakehal & Hamdi, 2021). Climate is defined as the synthesis of meteorological conditions in a given region, characterized by long-term variables in the state of the atmosphere (Sabeur, 2022 ; Sekela et al., 2019). For climatologists, climate is the set of meteorological phenomena that occur in a given location in their usual sequence (Lakehal & Hamdi, 2021). According to Daif (2017), climate is influenced by a series of parameters, including atmospheric circulation, ocean circulation, topography, and the amount of solar energy received by the Earth's surface. Sintayehu (2025) argues that climate disruption mechanisms manifest as variability and change. Climate variability is a natural modification of the climate and therefore independent of human activities. Climate change, on the other hand, is any evolution of the climate over time, whether due to natural variability or human activities (Dimon, 2008). Climate variability and change, which disrupt socio-ecological systems globally, are caused by natural or anthropogenic (human) factors (Yao et al., 2024; Sintayehu, 2025). According to Tilahun et al. (2025), human activity influences regional, sub-regional, and global climate regimes. Climate constitutes a complex set of interdependent elements, where a slight modification of one variable can easily lead to significant changes in most of the other elements (Girma et al., 2019). These changes affect agricultural activities, which are the source of all the food consumed by humans and domestic animals. Like any productive activity, agricultural production has an environmental impact (Alemu, 2018 ; Kouassi et al., 2022). According to Tilahun et al. (2025), climate is a major factor in sustainable development : it is a natural resource that affects human activities such as agricultural production, energy consumption, and the use and management of certain resources, such as water. Abera et al. (2023); Mozimwè et al. (2022) go further, stating that climate hazards disrupt the hydrological processes of a watershed, the functioning of ecosystems, social, economic, and ecological systems, as well as human well-being. This is why climate disruptions and their relationship with water resource variability are now a sustainable development issue (Kouassi, 2007 ; Sadio et al., 2023). To address the changes brought about by climate hazards, each nation must prioritize this issue and develop its own strategies, leading to the creation of scenarios that enable the forecasting and sustainable management of water resources (Dimon, 2008). According to Todée et al. (2022), issues related to climate impacts constitute a major challenge of the century, requiring a global response to improve the well-being of local populations. Climate studies rely on an analysis of daily weather patterns over a long period, generally thirty consecutive years, to characterize atmospheric conditions. This analysis is based on variables such as rainfall, temperature, relative humidity, river flow, sunshine duration, and wind direction (Faty and Ndiaye, 2017). According to Lotfie et al. (2018), several studies conducted worldwide have demonstrated that the productivity of rainfed agriculture depends on climate and farming practices, with a particular emphasis on climatic variables. Among these meteorological parameters, Ndlela et al. (2020) argue that rainfall and temperature are fundamental variables that serve as key indicators of climate variability and long-term changes, as the other variables are dependent on them. Although climate change is a global issue, its negative impacts can vary in intensity across countries, nations, and socioeconomic levels (Sintayehu, 2025). In developing countries, numerous studies have highlighted the perception of climate phenomena by local populations (Teshome, 2023). In West Africa, farmers perceive climate change through rising temperatures, reduced rainfall, a late start to the rainy season, periods of drought, floods, and cyclones (Bachir et al., 2009; Lanzeny et al., 2022). In this part of the world, the influence of climate on humans is felt in several areas: water resources, agriculture, food security, health, hygiene, stability, etc. (Tanina et al., 2026). Our objective in this work is to:
· Study the spatio-temporal variability of key climatic parameters at the Kolda station over the period 1960-2014;
· Highlight its potential impact on water resources.
This involves developing endogenous strategies (at the local and national levels) to adapt to the changes induced by climate change.

2. material and methods 

2.1 Study Area 

Kolda region is one of the 14 administrative regions of Senegal. It is located in Upper Casamance in the south of the country, between latitudes 12°20' and 13°40' North, and longitudes 13° and 16° West (Mballo et al., 2022). The Kolda region covers an area of 13,718 km², representing 7% of the national territory. Geographically, it is bordered to the north by The Gambia, to the east by the Tambacounda and Kédougou regions, to the west by the Sédhiou region, and to the south by Guinea-Bissau and Guinea-Conakry (ANSD, 2023) (Figure 1). The climate is Sudano-Guinean, with rainfall occurring from June to October, peaking in August and September, and a dry season from November to May. Average rainfall varies from 700 to 1300 mm (Bourama, 2018). However, rainfall is highly variable from year to year, but crop water needs are generally met despite some pockets of drought observed in certain areas due to climatic hazards and environmental degradation (acute deforestation, recurring bushfires, overgrazing, etc.) (Moussa et al., 2020). The lowest average monthly temperatures are recorded between December and January, ranging from 25 to 30°C, while the highest are recorded between March and September, with variations of 30 to 40°C (Marta and Ariadna, 2017). The terrain consists of sandy-clayey sandstone forming plateaus with abundant natural vegetation (savanna or open woodland), interspersed with valleys containing rice paddies and lowland pastures. It is comprised of three units: plateaus, slopes, and lowlands (PRDI, 2014). The region boasts abundant and diverse natural vegetation, ranging from forest to shrub savanna, and including unique ecosystems such as palm groves, mangroves, and other artificial plantations. The population is characterized by its ethnic diversity, with the Fulani constituting the vast majority and maintaining a well-established agropastoral tradition, followed by the Mandinka, Wolof, Diola, Balanta, Serer, Manjack, Mancagne, and others (Fanchette, 2010). The population is very young (60%), with a population growth rate of around 2.4%. Seasonal migration to urban centers is significant. Agriculture is the primary economic activity, employing over 90% of the population. The region boasts a diverse range of agricultural production, characterized by crops that include cereals (maize, millet, rice, sorghum, fonio), cash crops such as peanuts, which account for approximately three-quarters of production (along with peanuts, cotton, and sesame), tubers (cassava, sweet potato), market gardening, and fruit crops (Bourama, 2018). Its location as a border region to three countries gives it enormous geographical potential in the economic, social, and cultural dynamics of the sub-region (ANSD, 2017).
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Fig. 1. Location of study area

2.2 Visual examination

Visual or exploratory analysis is a procedure used to highlight factors explaining the correlation and dependence between selected variables. It starts with the data and relies on an observational approach to gain an overview and uncover irregularities (Tossou et al., 2017). The analyst examines the data from all angles, seeks to identify patterns, and, where appropriate, formulates plausible hypotheses. The focus is on the tool's effectiveness in most situations rather than its optimality (Doumouya et al., 2016). Climatic parameters such as precipitation, temperature, relative humidity, evapotranspiration, etc., are frequently analyzed at all scales (Isabelle et al., 2019). This approach involves representing histograms (or graphs) of all observations, as well as trend lines, to visualize their evolution over the study period. A judicious and rigorous interpretation of the results makes it possible to obtain a global vision and to detect possible irregularities in the climate (Diouf et al., 2016).

3. Data and application

This study focuses on the Kolda region in southern Senegal, in the Upper Casamance. It relies on factors that define climate, including precipitation, temperature, and relative humidity. A series of data spanning five decades (1960-2014), at monthly and annual time steps, made available to us by ANACIM (the National Agency for Civil Aviation and Meteorology), was used. This national agency is reliable and specializes in collecting high-quality climate data. It is worth reiterating that climate is a primary factor that directly influences crop distribution and management. The Kolda station was chosen for this purpose due to the need for high-quality data over a long and uninterrupted period. The selection of climate parameters was based on a practical criterion: data accessibility and the fact that these parameters directly affect water resources and agricultural production. Agriculture plays a vital role in the survival of populations. Clearly, agricultural production depends on the availability of water and inputs. Successful agricultural production has significant consequences, ranging from the survival of subsistence farming to the region's economic situation. In recent years, production across all crops in the region has declined significantly. This situation has a considerable impact on the stability of the food and economic systems in this part of the country. In this context, the analysis of meteorological time series is more necessary than ever and requires increased vigilance. Our approach is based on visual examination. We created a graphical representation of monthly and annual rainfall, as well as monthly and annual average minimum, maximum, and mean relative temperatures and humidity, incorporating the trend line and the interannual average for rainfall. We also examined the ombrothermic diagram to highlight the correlation between rainfall and temperature. This framework allowed us to visualize the distribution of the studied parameters, identify trends, and assess their significance. Our goal is to extract all information that can inform relevant stakeholders about the climate risks of this period and to raise their awareness of the need for a reassessment of water resources and appropriate agricultural planning.

4. results and discussion

4.1 Rainfall

4.1.1 At monthly scale

Figure 2 presents the distribution of average monthly rainfall at the Kolda station. The analysis reveals a dry period (November to April), characterized by a lack of rain, and a wet period (May to October), characterized by heavy rainfall, with a peak of 308.2 mm recorded in August. The rainy period shows an increase from May to August and a decrease until October. The trend line for this series reveals an increase in average monthly rainfall.


Fig. 2. Inter-monthly variation in rainfall from 1960-2014

4.1.2 At annual scale

Figure 3 illustrates the evolution of annual rainfall at the Kolda station. At first glance, an alternation of years with and without rainfall is noticeable during the study period. Over the period considered, 28 years had rainfall values above the interannual average (1061.8 mm) and 27 years below. The lowest rainfall was observed in 1980 (565.9 mm) and the highest in 2005 (1644.3 mm). Overall, rainfall in Kolda is characterized by a general trend towards consistency.



Fig. 3. Interannual evolution of rainfall from 1960-2014

4.2 Temperature

4.2.1 At monthly scale

Figures 4a, 4b, and 4c respectively represent the evolution of maximum, minimum, and average monthly temperatures at the Kolda station. Figure 4d presents a comparative analysis of the three variables. Regarding the maximum temperature (Figure 4a), the peak is reached in April (40.5°C) and the lowest value in August (31.9°C); the trend line shows a downward trend. For Figure 4b (minimum temperature), the threshold is reached in June (24.5°C) and the lowest value in January (13.8°C); the trend line shows an upward trend. For the average monthly temperature (Figure 4c), the highest value is reached in May (31.95°C) and the lowest in December (24.09°C); the overall trend is downward. With figure 4d, we can see that the hot season extends from March to July, where monthly temperatures exceed the annual average, while the period from August to February represents the cold season with a monthly average below the annual average.



Fig.4a. Evolution of the monthly maximum temperature



Fig.4b. Evolution of the monthly minimum temperature



Fig. 4c. Monthly evolution of average temperature



Fig. 4d. Monthly evolution of maximum, minimum and average temperatures

4.2.2 At annual scale

The temperature evolution for the Kolda station between 1960 and 2014 is illustrated in Figures 5a, 5b, and 5c, corresponding to the maximum, minimum, and average temperatures, respectively. A comparative analysis of the three variables is shown in Figure 5d. The graph (Fig. 5a) reveals a more or less pronounced variation in temperatures from one year to the next. The peak was reached in 2007 (37.3°C) and the lowest value in 1979 (33.7°C). The trend line shows an upward trend. Regarding Fig. 5b, the highest value was reached in 2012 (21.6°C) and the lowest in 1975 (19.08°C). The trend line indicates a general upward trend. Regarding the annual temperature (Fig. 5c), with an interannual average of 28.08°C, the highest value was recorded in 2010 (29.24°C) and the lowest in 1979 (26.73°C). The trend line shows a general warming trend. Analysis of Fig. 5d shows that the three curves share the same shape. The overall trend is one of increase. This increase is more significant for the maximum temperature than for the average and minimum temperatures. In short, the warm period is more extensive in space and more persistent in time than the cold period. This is due to global warming.



Fig. 5a. Evolution of the annual maximum temperature



Fig.5b.Evolution of the annual minimum temperature


Fig. 5c. Evolution of the average annual temperature



Fig. 5d. Annual evolution of maximum, minimum and average temperatures

4.3 Relative Humidity

4.3.1 At monthly scale
Figures 6a, 6b, and 6c show the evolution of maximum, minimum, and average relative humidity, respectively. Figure 6d combines all three variables. In Figure 6a, the maximum value (approximately 97.5%) was recorded in September, and the minimum value (approximately 91.6%) in December. The trend line shows a marked increase in humidity. Analysis of the minimum relative humidity (Figure 6b) reveals an increase from February to August, followed by a decrease until January. The peak corresponds to 67.31%, and the lowest value to 17.5%. The trend line shows a marked increase. Regarding the average relative humidity (Figure 6c), there is an increase from February to August, followed by a decrease until January. The maximum value was recorded in August (82.3%), and the minimum value in February (47.1%). The trend line reveals a slight increase. As shown in Fig. 6d, and logically, unlike the "temperature" variable, the highest relative humidity values are obtained in the middle of the wet season (May to October) due to high evaporation and warm winds; the lowest values are obtained in the middle of the dry season (November to January). The trend lines for all three series show an increase. This increase is more significant for minimum relative humidity than for average and maximum relative humidity.



Fig. 6a. Evolution of maximum monthly relative humidity



Fig. 6b. Evolution of minimum monthly relative humidity



Fig. 6c. Evolution of average monthly relative humidity


Fig. 6d. Monthly evolution of maximum, minimum and average relative humidity
4.3.2 At annual scale

Figures 7a, 7b, and 7c illustrate the annual evolution of maximum, minimum, and average relative humidity over the period 1960–2014, respectively. Figure 7d summarizes the three curves. For maximum relative humidity (Fig. 7a), the highest value was recorded in 1975 and the lowest in 2012. The trend line reveals a very marked decrease. For minimum relative humidity (Fig. 7b), the peak was reached in 1961 and the lowest value in 1977. The trend line shows a slight decrease. Regarding average relative humidity (Fig. 7c), the highest value was recorded in 1966 and the lowest in 1985. The trend line reveals a very marked decrease. Analysis of Fig. 7d shows that the three curves have the same shape. The overall trend is downward. This decrease is more significant for maximum relative humidity than for average and minimum relative humidity.



Fig. 7a. Evolution of maximum annual relative humidity



Fig. 7b. Evolution of the annual minimum relative humidity



Fig. 7c. Evolution of average annual relative humidity


Fig. 7d. Annual evolution of maximum, minimum and average relative humidity
4.4 Pluviothermic diagram
This method involves plotting rainfall and twice the average monthly temperature on the y-axis, and the months on the x-axis. This diagram distinguishes dry months when rainfall (P) < 2T, and wet months when P > 2T. Thus, the analysis of Figure 8 reveals two distinct periods : (i) a wet period from July to September, characterized by high rainfall and low temperatures, and (ii) a dry period from October to June, characterized by low rainfall and rising temperatures. This confirms the Sudanian-Guinean nature of the region.
[image: ]
Fig. 8. Variation of the ombrothermic curve
4. Conclusion and Recommendation
Over the past few decades, the West African continent has suffered the adverse effects of climate change. This disruption has resulted in water supply difficulties, altered agricultural systems, a trade deficit, and a destabilization of the economic system and the entire social fabric. These factors significantly impact the living conditions and well-being of local populations. To address this threat, it is crucial to understand the phenomenon in order to better grasp climate cycles by studying the variability and trends of various climatic variables, including rainfall, temperature, and relative humidity. It is within this framework that this study, focusing on the Kolda region, was conducted. The meticulous analysis of a series of data spanning five decades (1960-2014), at monthly and annual time steps, has yielded highly revealing and promising results. Regarding monthly rainfall, the analysis reveals a dry period (November to April), characterized by a lack of rain, and a wet period (May to October), characterized by heavy rainfall, with a peak of 308.2 mm recorded in August. The rainy period shows an increase from May to August and a decrease until October. The trend curve for this series reveals an increase in average monthly rainfall. On an annual scale, there is an alternation of years with and without rainfall during the study period. Over the period considered, 28 years have rainfall values above the interannual average (1061.8 mm) and 27 years below. The lowest rainfall was observed in 1980 (565.9 mm) and the highest in 2005 (1644.3 mm). In summary, rainfall in Kolda is marked by a general trend towards consistency. Regarding temperatures, the hot season extends from March to July, during which monthly temperatures exceed the annual average, while the period from August to February represents the cool season, with monthly averages below the annual average. On an annual scale, the analysis shows that the three curves share the same shape. The overall trend is upward. This upward trend is more significant for the maximum temperature than for the average and minimum temperatures. In short, the hot period is more extensive in space and more persistent in time than the cool period. This is due to climate change. As for relative humidity, the highest values are obtained in the middle of the wet season (May to October) due to high evaporation and warm winds; the lowest values are obtained in the middle of the dry season (November to January). The trend curves for all three series reveal an increase. This increase is more significant for the minimum relative humidity than for the average and maximum relative humidity. On an annual scale, the analysis shows that the three curves have the same shape. The general trend is downward. This decrease is more significant for maximum relative humidity than for average and minimum relative humidity. Regarding the ombrothermic diagram, the analysis distinguishes two periods : (i) a wet period from July to September, characterized by high rainfall and low temperatures, and (ii) a dry period from October to June, characterized by low rainfall and rising temperatures. This confirms the Sudanian-Guinean nature of the region. Based on the available information, this study reveals that the diverse ecosystems of the Kolda region are highly sensitive to variations in rainfall, temperature, and relative humidity. The region faces climatic challenges, including irregular rainfall, rising temperatures, and falling relative humidity. These situations have contributed to water scarcity and increased ecological and social vulnerability. Given that the livelihoods of the populations in this region rely on small-scale subsistence agriculture, which is susceptible to various stressors, the vulnerability of this sector to the impacts of climate change and its variability constitutes one of the main challenges for developing countries, particularly in Africa. Therefore, these findings should serve as a warning to authorities and policymakers regarding the urgent need to develop adaptation strategies aimed at making rainfed agriculture more profitable and reducing reliance on this type of agriculture. To this end, the following solutions can be implemented :
· Mobilization and storage of runoff and groundwater from aquifers for water management ;
· Quantity and quality of inputs, adoption of modern technologies, and efficient infrastructure and supply chains to improve productivity ;
· Choice of low-water-requirement crops, modification of planting calendars and techniques, and selection of earlier-maturing varieties ;
· Irrigation alternatives to further reduce dependence on rain-fed agriculture ; and
· Regulated and well-structured irrigation techniques.
Once these recommendations are implemented, agriculture would constitute the main source of employment and income for the majority of the population. Otherwise, the local food sovereignty long proclaimed by the authorities will remain nothing more than a pipe dream.
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Pm	[VALUE]


JANV	FEVR	MARS	AVR	MAI	JUIN	JUIL	AOÛT	SEPT	OCT	NOV	DÉC	0.12909090909090909	0.48727272727272725	8.9090909090909096E-2	0.48909090909090913	14.978181818181817	124.11272727272731	251.16909090909078	318.1527272727273	258.19636363636357	90.554545454545433	3.3381818181818179	0.1109090909090909	Mois


Pluie mensuelle (mm)




P	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	1115	1215.7	1215.8	1439.7	1249.9000000000001	1178.2	1058.6000000000001	1216.9000000000001	761	1410.1000000000001	1046.2	1382.8000000000002	872.70000000000016	1172.1999999999998	1019	1187.8	920.4	648.40000000000009	991.9	823.2	565.9	1001.9	835.6	723.40000000000009	839.9	794.30000000000007	1109.7	1075.9000000000001	1016.6	1107.9000000000001	786.7	655.8	1324.5999999999997	1195.9000000000001	1174.5999999999999	955.9	1196.0999999999999	1421.6000000000001	1231.3000000000002	1183.8000000000002	1015.9	814	771.30000000000007	1500.1000000000001	1072	1644.3000000000002	1061.4000000000001	1090.9000000000001	1206.0999999999999	980.19999999999993	1353.3999999999999	871.59999999999991	1242.5	798.9	853.9	M	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	1061.8072727272731	



Tmax	
Janvier	Février	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	34.572272727272718	37.422685185185202	39.608327272727273	40.475490909090915	40.009527272727269	36.460890909090907	32.993963636363645	31.851888888888887	32.39585454545454	33.769800000000018	34.933527272727261	34.135890909090918	Mois


Maximum temperature
(°C)




Tmin	
Janvier	Février	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	13.829309090909089	16.563218181818183	19.552309090909095	21.908381818181823	23.886999999999993	24.484563636363646	23.626727272727273	23.351618181818182	22.943090909090913	22.729218181818187	18.270872727272728	14.046818181818182	Mois


Minimum temperature(°C)




Tmoy	
Janvier	Février	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	24.200790909090905	26.992951683501694	29.580318181818186	31.191936363636369	31.948263636363631	30.472727272727276	28.310345454545459	27.601753535353534	27.669472727272726	28.2495090909091	26.602199999999996	24.09135454545455	Mois


Average temperature




Tmax	Janvier	Février	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	34.572272727272718	37.422685185185202	39.608327272727273	40.475490909090915	40.009527272727269	36.460890909090907	32.993963636363645	31.851888888888887	32.39585454545454	33.769800000000018	34.933527272727261	34.135890909090918	Tmin	Janvier	Février	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	13.829309090909089	16.563218181818183	19.552309090909095	21.908381818181823	23.886999999999993	24.484563636363646	23.626727272727273	23.351618181818182	22.943090909090913	22.729218181818187	18.270872727272728	14.046818181818182	Tmoy	Janvier	Février	Mars	Avril	Mai	Juin	Juillet	Août	Septembre	Octobre	Novembre	Décembre	24.200790909090905	26.992951683501694	29.580318181818186	31.191936363636369	31.948263636363631	30.472727272727276	28.310345454545459	27.601753535353534	27.669472727272726	28.2495090909091	26.602199999999996	24.09135454545455	Mois


Températures (°C) 




Tmax	
1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	35.966666666666669	36.025000000000006	35.68333333333333	36.30833333333333	35.266666666666673	35.200000000000003	33.975000000000001	34.108333333333327	34.583333333333336	35.475000000000009	35.016666666666666	34.708333333333336	35.31666666666667	35.483333333333327	34.991666666666667	35.200000000000003	33.958333333333336	35.391666666666666	35.090909090909093	33.733333333333334	35.631916666666662	35.127083333333331	35.199083333333334	36.453166666666668	34.997999999999998	35.073583333333332	34.844749999999998	35.541916666666665	35.178666666666672	35.202833333333338	36.038333333333334	35.955500000000001	35.210916666666662	35.832416666666667	35.417666666666669	36.042666666666669	36.170333333333339	35.893666666666668	36.528166666666671	35.245818181818187	36.466666666666669	37.1	36.802666666666667	36.988166666666672	36.716666666666676	36.658333333333331	36.874999999999993	37.299999999999997	37.05833333333333	36.1	36.958333333333329	36.583333333333336	36.566666666666656	36.758333333333333	36.641666666666666	Années


Maximum temperature (°C)




Tmin	
1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	19.866666666666667	19.141666666666669	19.966666666666665	20.433333333333334	20.45	20.05833333333333	19.691666666666666	19.491666666666664	19.45	20.975000000000001	20.2	19.566666666666666	19.733333333333331	19.766666666666669	19.233333333333331	19.075000000000003	20.074999999999999	19.724999999999998	20.158333333333335	19.716666666666665	20.699416666666664	20.220333333333336	19.825166666666668	21.288999999999998	20.461083333333335	20.927166666666668	20.260750000000002	20.595250000000004	20.885583333333333	20.263083333333331	20.776999999999997	20.763999999999999	20.71766666666667	20.653166666666664	20.178999999999998	20.422249999999998	20.664249999999999	20.089499999999997	21.389166666666672	20.527249999999999	20.766666666666669	20.891666666666666	21.227583333333335	21.447500000000002	21.283333333333331	21.283333333333331	20.416666666666668	20.166666666666668	20.508333333333336	20.841666666666665	21.525000000000002	20.950000000000003	21.575000000000003	21.200000000000003	21.333333333333332	Années


Minimum temperature (°C)




Tmoy	
1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	27.916666666666668	27.583333333333336	27.824999999999996	28.37083333333333	27.858333333333334	27.629166666666666	26.833333333333336	26.799999999999997	27.016666666666666	28.225000000000005	27.608333333333334	27.137500000000003	27.524999999999999	27.625	27.112499999999997	27.137500000000003	27.016666666666666	27.55833333333333	27.624621212121212	26.725000000000001	28.165666666666663	27.673708333333334	27.512125000000001	28.871083333333331	27.729541666666666	28.000374999999998	27.55275	28.068583333333336	28.032125000000001	27.732958333333336	28.407666666666664	28.359749999999998	27.964291666666668	28.242791666666665	27.798333333333332	28.232458333333334	28.417291666666671	27.991583333333331	28.958666666666673	27.886534090909095	28.616666666666667	28.995833333333334	29.015125000000001	29.217833333333338	29.000000000000004	28.970833333333331	28.645833333333329	28.733333333333334	28.783333333333331	28.470833333333331	29.241666666666667	28.766666666666669	29.070833333333329	28.979166666666668	28.987499999999997	Années


average Température (°C)




Tmax	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	35.966666666666669	36.025000000000006	35.68333333333333	36.30833333333333	35.266666666666673	35.200000000000003	33.975000000000001	34.108333333333327	34.583333333333336	35.475000000000009	35.016666666666666	34.708333333333336	35.31666666666667	35.483333333333327	34.991666666666667	35.200000000000003	33.958333333333336	35.391666666666666	35.090909090909093	33.733333333333334	35.631916666666662	35.127083333333331	35.199083333333334	36.453166666666668	34.997999999999998	35.073583333333332	34.844749999999998	35.541916666666665	35.178666666666672	35.202833333333338	36.038333333333334	35.955500000000001	35.210916666666662	35.832416666666667	35.417666666666669	36.042666666666669	36.170333333333339	35.893666666666668	36.528166666666671	35.245818181818187	36.466666666666669	37.1	36.802666666666667	36.988166666666672	36.716666666666676	36.658333333333331	36.874999999999993	37.299999999999997	37.05833333333333	36.1	36.958333333333329	36.583333333333336	36.566666666666656	36.758333333333333	36.641666666666666	Tmin	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	19.866666666666667	19.141666666666669	19.966666666666665	20.433333333333334	20.45	20.05833333333333	19.691666666666666	19.491666666666664	19.45	20.975000000000001	20.2	19.566666666666666	19.733333333333331	19.766666666666669	19.233333333333331	19.075000000000003	20.074999999999999	19.724999999999998	20.158333333333335	19.716666666666665	20.699416666666664	20.220333333333336	19.825166666666668	21.288999999999998	20.461083333333335	20.927166666666668	20.260750000000002	20.595250000000004	20.885583333333333	20.263083333333331	20.776999999999997	20.763999999999999	20.71766666666667	20.653166666666664	20.178999999999998	20.422249999999998	20.664249999999999	20.089499999999997	21.389166666666672	20.527249999999999	20.766666666666669	20.891666666666666	21.227583333333335	21.447500000000002	21.283333333333331	21.283333333333331	20.416666666666668	20.166666666666668	20.508333333333336	20.841666666666665	21.525000000000002	20.950000000000003	21.575000000000003	21.200000000000003	21.333333333333332	Tmoy	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	27.916666666666668	27.583333333333336	27.824999999999996	28.37083333333333	27.858333333333334	27.629166666666666	26.833333333333336	26.799999999999997	27.016666666666666	28.225000000000005	27.608333333333334	27.137500000000003	27.524999999999999	27.625	27.112499999999997	27.137500000000003	27.016666666666666	27.55833333333333	27.624621212121212	26.725000000000001	28.165666666666663	27.673708333333334	27.512125000000001	28.871083333333331	27.729541666666666	28.000374999999998	27.55275	28.068583333333336	28.032125000000001	27.732958333333336	28.407666666666664	28.359749999999998	27.964291666666668	28.242791666666665	27.798333333333332	28.232458333333334	28.417291666666671	27.991583333333331	28.958666666666673	27.886534090909095	28.616666666666667	28.995833333333334	29.015125000000001	29.217833333333338	29.000000000000004	28.970833333333331	28.645833333333329	28.733333333333334	28.783333333333331	28.470833333333331	29.241666666666667	28.766666666666669	29.070833333333329	28.979166666666668	28.987499999999997	Années


Temperatures (°C)




Hmax	
JANV	FEVR	MARS	AVR	MAI	JUIN	JUIL	AOÛT	SEPT	OCT	NOV	DÉC	83.14994545454546	78.180945454545437	75.498345454545444	77.019236363636352	80.375163636363638	88.397563636363614	95.266072727272743	97.191418181818193	97.463527272727262	97.182781818181837	96.524254545454554	91.585745454545446	Mois


Maximum relative humidity(%)




Hmin	
JANV	FEVR	MARS	AVR	MAI	JUIN	JUIL	AOÛT	SEPT	OCT	NOV	DÉC	17.467219999999998	15.992621818181814	16.286563636363635	19.044109090909089	27.529436363636371	44.458181818181814	60.20209090909092	67.434327272727273	64.743545454545469	58.546381818181814	35.943036363636359	21.624418181818179	Mois


Minimum relative humidity(%)




Hmoy	
JANV	FEVR	MARS	AVR	MAI	JUIN	JUIL	AOÛT	SEPT	OCT	NOV	DÉC	50.308582727272729	47.086783636363627	45.892454545454541	48.031672727272721	53.952300000000008	66.427872727272714	77.734081818181835	82.312872727272733	81.103536363636366	77.864581818181819	66.233645454545453	56.605081818181816	Mois


Average relative humidity(%)




Hmin	JANV	FEVR	MARS	AVR	MAI	JUIN	JUIL	AOÛT	SEPT	OCT	NOV	DÉC	17.467219999999998	15.992621818181814	16.286563636363635	19.044109090909089	27.529436363636371	44.458181818181814	60.20209090909092	67.434327272727273	64.743545454545469	58.546381818181814	35.943036363636359	21.624418181818179	Hmax	JANV	FEVR	MARS	AVR	MAI	JUIN	JUIL	AOÛT	SEPT	OCT	NOV	DÉC	83.14994545454546	78.180945454545437	75.498345454545444	77.019236363636352	80.375163636363638	88.397563636363614	95.266072727272743	97.191418181818193	97.463527272727262	97.182781818181837	96.524254545454554	91.585745454545446	Hmoy	JANV	FEVR	MARS	AVR	MAI	JUIN	JUIL	AOÛT	SEPT	OCT	NOV	DÉC	50.308582727272729	47.086783636363627	45.892454545454541	48.031672727272721	53.952300000000008	66.427872727272714	77.734081818181835	82.312872727272733	81.103536363636366	77.864581818181819	66.233645454545453	56.605081818181816	Mois


Relative humidity(%)




Hmax	
1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	1088	1078	1003	1061	1069	1065	1137	1076	1099	1076	1141	1137	1106	1129	1114	1144	1109	1113	1050	1083	1023.874	1027.7959999999998	1032.1420000000001	1035.636	1008.908	982.55200000000002	1006.8630000000001	1070.3589999999997	1024.1419999999998	1049.73	1025.01	1007.5770000000001	1038.616	1045.241	1027.7619999999999	1038.3690000000001	1060.0740000000001	1085.2079999999999	1056	1074.1860000000001	1082	1016	1055.1689999999999	1065.8989999999999	1023.874	1027.7959999999998	1032.1420000000001	1070	1082	1016	1082	1022	975	1038	995	Années


Maximum relative humidity(%)




Hmin	
1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	526	567	460	453	492	475	523	483	436	454	457	472	420	451	418	418	478	391	440	427	416.46900000000005	450.93900000000002	423.40499999999992	420.62109999999996	416.31100000000009	402.892	416.18199999999996	440.49399999999997	405.89699999999999	433.18800000000005	402.33900000000006	408.82599999999996	443.75499999999994	417.50700000000001	417.20309999999995	413.73599999999999	439.74299999999999	439.73400000000004	509.73899999999998	498.04999999999995	417.50700000000001	417.20309999999995	456.74199999999996	454.661	416.46900000000005	450.93900000000002	423.40499999999992	456	501	470	512	473	474	474	455	Années


Minimum relative humidity(%)




Hmoy	
1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	807	822.5	731.5	757	780.5	770	830	779.5	767.5	765	799	804.5	763	790	766	781	793.5	752	745	755	720.17150000000004	739.36749999999995	727.77350000000001	728.1285499999999	712.60950000000003	692.72199999999998	711.52250000000004	755.42649999999981	715.01949999999988	741.45900000000006	713.67450000000008	708.20150000000001	741.18549999999993	731.37400000000002	722.48254999999995	726.05250000000001	749.9085	762.471	782.86950000000002	786.11800000000005	749.75350000000003	716.60154999999997	755.95549999999992	760.28	720.17150000000004	739.36749999999995	727.77350000000001	763	791.5	743	797	747.5	724.5	756	725	Années


Average relative humidity(%)




Hmin	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	526	567	460	453	492	475	523	483	436	454	457	472	420	451	418	418	478	391	440	427	416.46900000000005	450.93900000000002	423.40499999999992	420.62109999999996	416.31100000000009	402.892	416.18199999999996	440.49399999999997	405.89699999999999	433.18800000000005	402.33900000000006	408.82599999999996	443.75499999999994	417.50700000000001	417.20309999999995	413.73599999999999	439.74299999999999	439.73400000000004	509.73899999999998	498.04999999999995	417.50700000000001	417.20309999999995	456.74199999999996	454.661	416.46900000000005	450.93900000000002	423.40499999999992	456	501	470	512	473	474	474	455	Hmax	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	1088	1078	1003	1061	1069	1065	1137	1076	1099	1076	1141	1137	1106	1129	1114	1144	1109	1113	1050	1083	1023.874	1027.7959999999998	1032.1420000000001	1035.636	1008.908	982.55200000000002	1006.8630000000001	1070.3589999999997	1024.1419999999998	1049.73	1025.01	1007.5770000000001	1038.616	1045.241	1027.7619999999999	1038.3690000000001	1060.0740000000001	1085.2079999999999	1056	1074.1860000000001	1082	1016	1055.1689999999999	1065.8989999999999	1023.874	1027.7959999999998	1032.1420000000001	1070	1082	1016	1082	1022	975	1038	995	Hmoy	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	807	822.5	731.5	757	780.5	770	830	779.5	767.5	765	799	804.5	763	790	766	781	793.5	752	745	755	720.17150000000004	739.36749999999995	727.77350000000001	728.1285499999999	712.60950000000003	692.72199999999998	711.52250000000004	755.42649999999981	715.01949999999988	741.45900000000006	713.67450000000008	708.20150000000001	741.18549999999993	731.37400000000002	722.48254999999995	726.05250000000001	749.9085	762.471	782.86950000000002	786.11800000000005	749.75350000000003	716.60154999999997	755.95549999999992	760.28	720.17150000000004	739.36749999999995	727.77350000000001	763	791.5	743	797	747.5	724.5	756	725	Années


Relative humidity(%)
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