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ABSTRACT 

Sudanian zone is one of the regions in West Africa most confronted with high 

climate variability, challenging agricultural sustainability and rural 

livelihoods. Despite multiple research efforts devoted to exploring how 

farmers in this region perceive climate variability and how perceptions relate 

to adaptive responses, much remains to be done. This study examined farmers’ 

perception of climate variability compared with scientific evidence in the 

terroir of Benguene, between 1983 and 2018. Data was collected from twenty-

nine (29) farmland heads (representing 49% of the total farmland heads in the 

village) through a survey conducted in October 2019. Monthly temperature 

data from ground measurement and daily rainfall data extracted from the 

gridded African Rainfall Climatology version 2 (ARC-2) time series was used. 

Descriptive statistic was used to analyse survey data. Climate data analysis 

included Mann Kendall trend analysis and computation of growing season 

parameters (Onset, Duration and Cessation) and its trend. In the end, a 

conformity index was used to compare farmers’ perceptions to climatological 

evidence. Conformity graph showed that apart from temperature, the farmers 

have low, to a weak perception of the other variables used to assess their 

perception. Results showed that many smallholder farmers have observed a 

rise in temperature (90%), delay onset (93%) and early cessation (93%) of 

rainfall. The analysis of the climate data showed high variability in the climate 

during the study period as observed in the increasing trends in temperature (p-

value of 0.0007) and in the rainfall (p-value of 0.0001). Concerning the season 

parameters, the results show increasingly early-onset (June 1st ± 22 days) 

increasingly late cessation (October 09th ± 14 days) and consequently a long 

duration of the rainy season (130 ± 27 days). Conversely, farmers thought the 

opposite. These results imply the urgent need to increase smallholder farmers 

awareness of climate variability and change by providing climate information 

for better adaptation. 
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NTRODUCTION 

Good perception of climate and variation 

variability is a key root to the development of any 

adaptation strategies by smallholder farmers. It 

strongly determines how local communities deal 

with climatic-induced threats and opportunities. 

The precise nature of their behavioural responses 

to this perception will shape adaptation options, 

the processes involved and adaptation outcomes 

(Adger et al., 2009; Pauw 2013). Misperception 

about climate change and its associated risk may 

result in no adaptation or maladaptation, thus, 

increasing the negative impact of climate change 

(Grothmann and Patt 2005). The year-to-year 

variability of rainfall is a significant constraint to 

the sustainability of the rainfed farming system in 

most of the Sub-Saharan African (SSA) countries.  

In Mali, a West African country, the agriculture 

sector is the main source of livelihood activities of 

smallholder farmers, and contributes about 40% 

to the country economy (GDP) and employs 

around 75% of the economically active workforce 

(ODHD, 2016). This agriculture is prejudiced by 

many constraints which are low soil fertility, high 

demand for food due to high population growth, 

urbanization and climate variation and change. 

Despite the wide range of scientific evidence 

concerning the impacts of climate variability, no 

much is known about smallholder farmers’ 

perceptions of these impacts on their agricultural 

practices. Although they study the weather to start 

their agricultural activities such as ploughing, 

seeding, etc., the variation in the rainfall regime 

confuses them most of the time in this planning as 

tremendous shifts in the rainfall regime have been 

observed over time. According to Berkes et al., 

(2000), smallholder farmers already have a fair 

knowledge about climate variability as part of 

their traditional ecological knowledge, acquired 

and transferred through generations. 

Unfortunately, climate variability and change may 

continue to affect smallholder farmers' 

agricultural activities mostly in the Sudanian 

zone. In this context, numerous researches has 

been conducted on local farmers' perception of 

climate change and variability as well as their 

adaptation strategies (e.g., Ehiakpor et al., 2016; 

Limantol et al., 2016; Esayas et al., 2019; 

Tessema and Simane, 2020). Many of these 

researches show farmer awareness of climate 

change and variability (Kibue et al., 2016). Some 

of these findings linked farmer’s perception to 

their knowledge of past climate variability 

(Amadou et al., 2015). Since the accuracy of 

farmers’ perceptions of climate is critically 

important if they plan to implement appropriate 

adaptation measures in their farming activities, 

much research is still needed in order to increase 

their awareness of climate variability for building 

sustainable adaptation strategies. In summary, the 

purpose of this study is to give a better 

understanding of farmers’ perception of climate 
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variability compared with scientific evidence in 

the terroir of Benguene, between 1983 and 2018. 

MATERIALS AND METHODS 

Study Area 

Benguene is a village located about 10km from 

Bla city, Segou region of Mali (Figure 1). The 

terroir covers an area of approximately 36sqkm, 

lies between 5°50′40″W to 5°53′20″W and 

12°46′28″N to 12°50′40″N with an estimated 

population of 1,905 inhabitants. The climate is 

semi-arid with annual rainfall ranging from 600 to 

800mm per year and an average annual 

temperature which ranges from 22.7°C in January 

as a minimum to 36.1°C in May as a maximum 

(Traoré et al., 2019). The rainfall regime is 

monomodal and is characterized by a short rainy 

season from June to September with a very poor 

distribution in time and a long dry season from 

September to May. Harmattan in the dry season 

and the monsoon in the rainy season are the two 

high winds that dominate the area. The soils are 

mostly tropical ferruginous and the natural 

vegetation is dominated by degraded savannah 

and the shrub savannah with Guiera 

senegalensis, Combretum sp and Anogeissus 

leiocarpus as the most popular species. The 

population of the study site was mainly farmers 

and herders who earned their living through 

rainfed agriculture (dominated by the cultivation 

of Millet and Sorghum and Cotton), herding and 

provisioning ecosystem services from the trees. 
 

Figure 1: Map showing the study area 

 

Data Collection 

The study used data collected from farmers’ 

household survey, combined with historical 

climate data. The farm survey was conducted 

using a standard structured questionnaire applying 

both qualitative and quantitative methods of data 

collection about: demographic characteristics, 

perceptions of rainfall amount, onset, cessation, 

duration and dry spell, temperature variation over 

the last 30-years. The household data were 

collected from the Support Project to Improve the 

Governance of the Cotton Sector in its New 

Institutional Configuration and the Productivity 

and Sustainability of Farming Systems in the 

Cotton Zone PASE-II project Research and 

Development component “PASE-II/R&D” 

database, where the questionnaire survey was 

conducted. The survey was conducted in October 

2019 and involved 29 over 59 heads of farmland 
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representing 49% of the total farmland heads of 

the village. Systematic sampling method was used 

to identify the households by applying the simple 

equation following (Taifa and Desai, 2016):                                       

                                    𝒏 =
𝑵

𝟏 + 𝑵𝒆𝟐                 1 

where n = sample size, N = total population, e = 

margin error (5% in this research). Since this 

sample size does not depend only on the size of 

the total population, therefore a corrective factor 

was applied using the equation of (Slimani, 2014) 

as follow: 

                                                                        

𝒏′ =
𝑵 × 𝒏

𝑵 + 𝒏
+ 𝟏                                              2 

Where n′= readjusted sample size, N= total 

population and n= sample size from the 1st 

equation.  

Climate data include monthly mean temperature 

and daily rainfall records from 1983 to 2018. 

However, due to the absence of temperature data 

at the Bla met station, the nearest station, 

temperature data recorded at the Segou station 

about 70km distance from the Bla station was 

collected. The daily rainfall data was extracted 

from the 11km gridded African Rainfall 

Climatology version 2 (ARC-2) database for Bla 

station. The ARC-2 is a satellite-based daily 

rainfall dataset available from 1983 – present at a 

0.1° × 0.1° spatial resolution for the whole 

continent. This data builds on ARC-1 that is 

developed using the algorithm applied in the 

Rainfall Estimation version 2 (RFE-2) which is 

found to be amongst the most reliable products of 

satellite base datasets covering Africa (Love et al., 

2004). According to (Love et al., 2004) the 

difference as compared to RFE-2 is that ARC-1 

uses only gauge and infra-red data whereas RFE-

2 uses additional microwave data, which is not 

available prior to 1995. In the end, ARC-2 is a 

new version of ARC-1 with a recalibration of the 

1983-2005 period (Novella and Thiaw, 2012). 

Data Analysis 

Survey data 

Data from the questionnaires were categorized 

based on farmers’ perceptions of the onset season, 

seasonal rainfall amount, duration, cessation of 

rainy season and variability in the study area. 

Thereafter, data was verified by checking the 

categories of all variables for correction. Then, the 

corrected data were analysed through a 

descriptive statistic and cross-tabulation. Tables, 

figures, frequencies distribution and percentages 

were used to present the results. In the next step, 

the consistency of smallholder farmers' perception 

was assessed using the Informant Consensus 

Factor (ICF) proposed by Heinrich et al., (1998) 

and Canales et al., (2005) as follow:   

                                                                             

𝐼𝐶𝐹 =
𝑁𝑈𝑅−𝑁𝑡

𝑁𝑈𝑅−1
                                              3 

This factor allows appreciating the diversity and 

consistency of the indicators of change. With 

NUR: number of answers in each category of 

indicators of change; Nt: number of variants in 

each category. The value of the ICF varies 

between 0 and 1 and indicates a highest consensus 

when it tends towards 1. Lastly, the perception of 

the smallholder farmers was compared to the 

climatological evidence through a conformity 

graph.  

Climate data 

The 35-years rainfall and temperature data were 

used to compute the annual average temperature 

(minimum and maximum) and rainfall. Some 

other parameters related to the rainy season, such 

as onset, cessation of rainy season and duration of 

the rainy season and intra-seasonal drought spell 

were computed over the study period. These 

parameters based on daily rainfall were defined to 

characterize the rainfall regime (Table 1). From 

the wide definitions of such parameters (Marteau 

et al., 2010; Sivakumar, 1988; Stern et al., 2005, 

Fitzpatrick et al., 2015, Zhang and al., 2017), this 

research used the ones proposed by Zhang and al., 

(2017) with moderate modification given the 

climatic context of the area. So, the onset of the 

rainy season is considered as the first occurrence 

of at least 20 mm cumulative rainfall within 7 days 

after May 1; followed by a total of 20 mm rainfall 

within the next 20 days. The end of the rainy 

season is determined by the occurrence of 20 

consecutive days with cumulated rainfall less than 

10 mm after the 1st September. The duration of 

the rainy season is defined as the number of days 

between the onset and cessation of the rainy 

season. Stern et al., (2005) defined dry spell as 

consecutive days without rain. Since a long dry 

spell after the start of onset of the rainy season 

causes a ‘false start’ its consideration in this 

analysis is very important. Based on this 
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importance, the dry spell was computed during the 

next thirty days after the onset of the rainy season. 

In the end, trends of these parameters related to 

the rainy season were estimated using Sen’s slope 

and assessed using a non-parametric Mann-

Kendall test (Kendall, 1938; Mann, 1945). 
 

Table 1: Summary of rainfall variables applied 

Variables Definition 

Onset of rainy season The first occurrence of at least 20 mm cumulative rainfall within 7 days 

after May 1, followed by a total of 20 mm rainfall within the next 20 days. 

Cessation of rainy 

season 

The occurrence of 20 consecutive days with cumulated rainfall less than 

10 mm after September 1. 

Length of rainy season Number of days between the onset and the cessation of the rainy season. 

Intra-seasonal dry spells The number of dry spells during rainy season during the next thirty days 

after the onset of rainy season. 

 

RESULTS 

Characteristics of respondents 

From the total farm head, about 41% were literate 

and 48% of the respondents were illiterate with no 

formal education. The ages of the respondents 

range from 40 to 75 years old. Also, about 7% of 

the respondents were below 50 years old; 38% 

were between 50 to 60 years old; 38% were 

between 60 to 70 years old and 17% were above 

70 years old (Table 2). 

Table 2: Demographic characteristics of respondents 

Variables Frequency Percentages 

Level of education farm head 

Primary 0 0 

Secondary 1 3 

High School 0 0 

Literate 12 41 

Arabic 2 7 

None 14 48 

Age of farm head (year) 

< 50 2 7 

50 – 60 11 38 

60 – 70 11 38 

> 70 5 17 

Farmland size (nb. of person) 

1 to 10 8 28 

11 to 20 11 38 

20 to 30 4 13 

31 and plus 6 21 

 

Perceptions of farmers on climate variability 

The perception of farmers constitutes the local 

knowledge based on lived experiences to explain 

and understand climate recent evolution. The 

main perceptions of the variability and climatic 

variations of the populations of Benguene refer to 

a recent evolution over the last 30 years and relate 

to precipitation and temperatures. The 

smallholder farmer’s perception of climate 

variability in this study is related to the variability 

of various parameters which are rainfall amount 

per year, the onset of the rainy season, cessation 

of the rainy season, drought spell and the average 

temperature. Farmers were asked about their 

perception of the year-to-year variations in 

temperature and rainfall for the past 30 years and 

the results are presented in (Table 3). The results 

reveal that a slightly higher proportion of farmers 

claimed that temperature is increasing and rainfall 

is decreasing and noted the late-onset and early 

cessation of the rainy season which is indicative 

of a shorter duration of the rainy season. The 

http://creativecommons.org/licenses/by/4.0/


East African Journal of Agriculture and Biotechnology, Volume 3, Issue 1, 2021 
Article DOI: https://doi.org/10.37284/eajab.3.1.380 

29 | This work is licensed under a Creative Commons Attribution 4.0 International License. 
 

majority of Farm heads perceived a decrease in 

rainfall amount during the last 30-year. 

 

Table 3: Farmer perception of variation in climate variables and rainy season parameters 

Variable Perceptions Frequency Percentage FCI 

Temperature 

Rise 26 90 0.88 

Decrease 1 3 0 

Stable 2 7 0 

Don’t know 0 0 0 

Rainfall amount 

Increase 0 0 0 

Decrease 28 97 0.89 

Stable 1 3 0 

Don’t know 0 0 0 

Onset of season 

Early 2 7 0 

Late 26 90 0.88 

Regular to normal 0 0 0 

Don’t know 1 3 0 

Cessation of rainy season 

Early 27 93 0.88 

Regular to normal 0 0 0 

Late 0 0 0 

Don’t know 2 7 0 

Duration of rainy season 

Normal 1 3 0 

Short 26 90 0.88 

Long 1 3 0 

Don’t know 1 3 0 

Dry spell within the rainy season 

Some times 10 34 0.67 

Never 0 0 0 

Regular 14 48 0.76 

Don’t know 5 17 0 

Total respondent  29 

 

Trend in rainfall, temperature and rainy 

season parameters 

The mean annual rainfall in the area for the period 

1983-2018 was 714 mm per year. The lowest and 

highest annual rainfall amounts for the same 

period were 403 and 1000 mm and occurred in 

1977 and 2015 respectively. The Mann-Kendall 

test, performed on the annual precipitation and 

temperature series with the purpose to test the 

presence or absence of a significant trend in this 

data series, confirms an increasing trend at a 

confidence level of 95% (Fig.2).  

 

Figure 2: Annual rainfall trend; 1983-2018 
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Annual temperature for the area over the period 

1983-2018 (Fig.3) indicates that temperature has 

continuously increased. The mean annual 

temperature over this time period was 29.5°C. The 

lowest and the highest of the mean monthly 

temperatures within the period (1983-2018) were 

22.50°C and 34.0°C and occurred in January 1987 

and April 1998 respectively. The highest 

temperatures occurred in April and May with 

mean values of 33.80°C and 34.0°C respectively 

and the lowest were observed to occur in 

December and January, with long-term (1983-

2018) average values of mean monthly minimum 

temperatures of 25.8 and 25.0°C respectively. The 

non-parametric Mann-Kendall test confirms this 

trend at a confidence level of 95%. 

Figure 3: Trend in monthly temperature from 1983-2018 

 

There is an obvious pattern of variation in the date 

of onset of the rainy season over the area. Analysis 

of the inter-annual variability of the onset and the 

cessation of the rainy season during the period 

1983-2018 (Fig.4) exhibited an early onset and a 

late cessation. The variation of rainy season onset 

ranges from 123 days of the year (May 2nd) and 

185 days of the year (July 13th) with an average 

of 153 ± 22 days of the year (June 1st ± 22 days). 

The early onset dates were observed in 1993 and 

2003, however, the late-onset dates were observed 

in 1989 and 1990. By considering the trend line, it 

can be deduced that the onset is getting earlier and 

earlier even it’s not significant (r=0.33). Contrary 

to the onset, the cessation of the rainy season goes 

from 259 to 308 days of the year, specifically 

between September 15th (early cessation) and 

November 03rd (late cessation) with an average 

end date around 282 ± 14 days of the year 

(October 09th ± 14 days). The early cessation 

dates were observed in 1983; 1985; 1987 and 

1992 and the latest cessation date was observed in 

2005. From the trend line, it can be assumed that 

cessation is increasingly late (r = 0.50). As a 

consequence of the observed early onset and the 

late cessation, the duration of the rainy season 

showed an increase (r = 0.55). The low duration 

was 74 days, i.e., 2 months and 13 days observed 

in 1989 and the high duration was 173 days, i.e. 5 

months and 20 days observed in 2006 with an 

average duration of 130 ± 27 days. 

 

Figure 4: Variability of rainy season parameters (Onset and Cessation) in Benguene area 
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Comparison of smallholder farmer perception 

with climatological evidence 

The perception of climate variation and variability 

is defined on the right awareness of a farmer about 

the following five climatic parameters: rainfall 

amount, temperature, onset, duration and the end 

of the rainy season, which were based on the 

historical climate records. Figure (5) shows the 

agreement and discordance of the answers given 

by smallholder farmers concerning the observed 

climatic data. The results showed that none of the 

respondents had a good perception of climate 

variability and variations in general. With some 

variables such as temperature, the majority of the 

respondents has a good perception of its evolution 

compared to climatic records. Regarding the 

cumulative rainfall, the duration and the cessation 

of the rainy season, analyses of climate data have 

shown an increase, while smallholder farmers 

perceived a decrease. Analyses have also shown 

an early onset of the season dates when 

smallholder farmers supposed the opposite. 

 

Figure 5: Conformity graph of farmer perception against climatological evidence 

 

DISCUSSION 

Rainfall recovery in West Africa was already 

asserted by Nicholson et al 2018; Lalou et al. 

2019; Sanogo et al. 2015. The analysis of climatic 

data showed a significant upward of both annual 

rainfall amount (p<0.5) and monthly mean 

temperature (p<0.5) in the study area. Similarly, 

season parameters showed also increasingly early 

onset dates, later and cessation dates resulting in 

long durations of the rainy season. These results 

agree somewhat with the conclusions of Ouoba 

(2013) who noted the dates of early-onset and 

late-onset in the Burkina Faso Sahel, even this 

trend was so weak. Authors such as Niang et al. 

2014 indicate increasing trends in temperatures in 

Africa, and projections by James and Washington 

(2013) reported that these trends are likely to 

continue and increase faster than the world 

average.  

Farmers used the term “poor season” to refer to 

any year with reduced crop production due to 

insufficient rainfall and other crop production 

constraints. From the analysis, the large majority 

of respondents in the study area believed to have 

experienced climate change during the study 

period. The targeted Farm heads indicated that 

they perceived an increase in temperature and 

decrease in rainfall; and late-onset and early 

cessation with short rainy seasons in consequence. 

Comparable expressions of awareness by farmers 

about climate change were reported in studies 

conducted over the recent year in, Ethiopia 

(Esayas et al., 2019; Temessa and Simane, 2020), 

Nigeria (Ayanlade et al., 2017); Ghana (Ehiakpor 

et al., 2016; Limantol et al., 2016, Amadou et al., 

2015). Some of these research such as (Asare-

Nuamah and Botchway, 2017; Ayanlade et al., 

2017; Amadou et al., 2015) attempted to relate 

perceptions of climate change to actual climatic 

data from meteorological sources.  

The major conclusion from this study was that the 

farmers’ perceptions of rainfall amount and 

pattern did not correspond with climatic trends. 

Therefore, farmers in Benguene may not be a 

reliable source of long-term changes in rainfall, 

but they could provide reliable information on 

inter-and intra-seasonal rainfall changes. Authors 

such as Makuvaro et al., (2018) suggest studies on 

comparisons of perceptions and trends based on 

smaller time scales rather than long periods. This 

is particularly important when such studies seek 

communities’ responses.  

On the other hand, the analysis showed a 

significant rise in monthly temperature and was in 

total agreement with smallholder farmer’s 
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perception. This result is in agreement with 

studies conducted in Ghana (Amadou et al., 2015, 

Asare-Nuamah), Niger (Assoumana et al., 2016), 

Nigeria (Ayanlade et al., 2017) and central 

Zimbabwe (Makuvaro et al., (2018). On the 

contrary Ouedraogo et al., (2010); Ulrich et al., 

(2015); Bambara, et al., (2016) reported that 

farmers perceive changes in climatic variables 

such as a decrease in rainfall, an increase in 

temperature, the late or early start of the season 

and the short duration of the season, etc., which 

was in contradiction with our results. The 

divergence of the results may be due to the low 

level of education of respondents in the survey. 

Understanding how the local population perceive 

climate variability and change is essential to 

develop effective adaptation strategies. Then it 

will be reasonable to expect more willingness of 

farmers to adopt farming practices to mitigate 

associated adverse effects since they have good 

perception of this climate variability and change 

(Chaudhary et al., 2011). Given the contradiction 

between climate data and farmer perception in the 

study area, access to climate information and 

forecast is a critical component for sustainable 

adaptation.  

CONCLUSION 

This study has analyzed trends of climate 

variability and farmers’ perception in Benguene 

terroir, Mali using meteorological time series data 

from 1983 to 2018. Understanding the 

temperature and rainfall variability trends and 

farmers’ perception of changes in the climate 

would offer valuable information for planning and 

implementing local-level adaptations. The study 

revealed that the perception of most farmers was 

an existence of an increasing pattern in 

temperature and a decrease in the pattern in 

precipitation in the study area for the past 40-year. 

Smallholder farmers have perceived a reduction in 

rainfall, an increase in temperature, late-onset, and 

early cessation of the rainy season. The results 

have shown that there had been a change in 

temperature and rainfall over time and there was 

some contradiction between farmers’ perception 

and the analyzed historical meteorological data. 

The Mann-Kendall trend analysis confirms a 

significant upward trend in the annual mean 

temperature as well as in the annual rainfall 

amount. Generally, from these findings, the study 

concludes that climate variability and change will 

hurt the livelihoods of smallholder farmers 

because of their weak perceptions. Therefore, 

based on this conclusion the study advises 

strengthening local skill and awareness by 

providing climate information for better 

adaptation to climate variability and change. 
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