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Perceptions and adaptation practices of agropastoralists to

rainfall and temperature changes in Mali

Abstract

Many people in African countries derive their livelihoods from agriculture and livestock.
Therefore, unfavourable environmental and climatic conditions render them more vulnerable
to increasing food insecurity and poverty rates. However, few studies have investigated how
farmers’ adaptation strategies affect farm productivity and household food security in the
Sahelian region, notably Mali. This study aims to examine the impacts of climate change
agropastoralists and to analyse the adaptation strategies in Mali. For this purpose, an analysis
of daily rainfall and temperature data from 1960 to 2020 over Bamako, Ségou and Sikasso
station was carried out using Instat+ v3.36, Rstudio, XLSTAT and Rclimdex software. Field
surveys were conducted among 355 agropastoralists in three regions of Mali to assess the
impacts and adaptation strategies of agropastoralists. The analysis of climate data showed a
downward trend in overall rainfall. As for the temperature, it shows an upward trend over the
series from 1960 to 2020 at the station of Ségou, Sikasso and Bamako.

Agropatoralists use adaptation strategies such as organic fertilizers, changing planting dates
and growing of short duration maize varieties to mitigate against the negative effects of
climate change. The use of organic fertilizers and short-duration use of improved varieties
promotes agricultural productivity and food security. We conclude that building
agropastoralists adaptive capacity tends to reduce their vulnerability to climate change by
increasing crop Yyields and food security.
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1. Introduction

Climate Change is a serious problem for the whole world, it is explained by an upward trend
in temperatures measured during the last decades of the 20th century and also a decrease in
increased variability of precipitation (Levine and Steele, 2021). According to the
Intergovernmental Panel on Climate Change (IPCC) 2007, in its fourth report which more
than 2500 scientists and from 130 countries participated, says that it is very likely that 90% of
observed global warming has been man-made since 1950 (ldso et al., 2015). It is extremely
likely that at 95%, human influence has been the main cause of global warming (Ferguson
and Branscombe, 2010; Lynas et al., 2021). The global average surface temperature on a
linear trend, combined with that of land and oceans, indicates a warming of 0.85°C over the
period 1880 - 2012. this increase in the average temperature on the surface of the globe can
cause negative and localized impacts in particular on the agricultural sectors with a downward
trend in crop yields (Kukal and Irmak, 2018). Grazing for animal feed is also subject to
climatic vagaries. This high climate variability is a major constraint on the environment and
sustainable development (Kongnso et al., 2021). Indeed, it remains one of the greatest
challenges facing humanity today.

Africa is the continent most vulnerable and impacted by the adverse effects of climate change.
It faces the toughest challenges to adapt, despite contributing less to global greenhouse gas
emissions. It is compromising that it is a serious threat to growth and sustainable
development. The fifth report of the IPCC (2013), revealed that the period 1983-2012 was
probably the warmest 30-year period. Agropastoralism is defined as the practice of agriculture
and livestock farming allowing peasant societies to extensively produce the resources
necessary for their needs (Marega and Mering, 2018). Thus agro-pastoralists farm during the
rainy season and go on transhumance during the dry season in order to take advantage of

pastoral resources (water, fodder) which are often distributed randomly in space and time.

Sahelian agro-pastoralists faced with unprecedented socio-environmental changes, challenges,
risk and threat of climatic effects, practice transhumance which is one of the ways of adapting
to the high climatic variability and the threat of drought that the Sahel has experienced since
more than 50 (fifty) years in an economic, social and political context that is more mobile
(Birch and Grahn, 2007; Douxchamps et al., 2014; Altieri et al., 2016; Filho et al., 2020).
Mali, like other Sahelian countries, agro-pastoralists are vulnerable to the effects of the
climate, for which there are few resources to deal with. Indeed, out of a total area of the

country of 1.24 Mkm?, 51% is made up of desert land. Cultivated areas represent 4.8Mha, or



4% of the territory. (ADF, 2011; PDA, 2013) The country's agricultural production remains
dependent on rainfed activities, especially in certain arid regions (Kidal, Gao, Ménaka,
Timbuktu, Taoudéni) experiencing shortages during the lean season. Mali is a country with an
agro-pastoral vocation, the agricultural sector of the country occupies an important place in
the Malian economy (FAO, 2017). Agriculture occupies 80% of the active population, of
which 75% of active workers are agro-pastoralists, 10% exclusive stockbreeders and 9%
exclusive farmers (Hilson and Garforth, 2012; Sanogo et al., 2017). The cattle herd is the
largest in West Africa, thus the livestock sector contributes 8.5% of GDP (2007) (UNDP,
2016). the country's agricultural sector occupies an important place in the Malian economy
(Hilson and Garforth, 2012; Braun and Traore, 2015; Brottem and Ba, 2019). Consequently,
the highly variable climatic conditions affect production and agricultural yield linked to
climatic events such as the overall decrease in precipitation, the increase in temperatures, the
seasonal calendar shift and the progression of desertification, extreme weather events, such as
droughts and floods (Motha, 2007). This climatic variability aggravates anthropogenic
pressures on land, water and various natural resources. Livestock is the main economic
activity of populations in the semi-desert regions of the north (Liang et al., 2020), whose
environmental conditions do not allow the cultivation of cereals. It is an essential activity

historically carried out by nomadic Moorish and Fulani populations (Ciavolella, 2012).

The economic activities of the country whose rainfall is irregular, the population carries out
agricultural and livestock activities which are diverse. The expansion of agriculture, which is
combined with climatic effects, affects the traditional migration routes of herders (Ayele and
Tarekegn, 2020; Unc et al., 2021). With today's climatic conditions, breeders have become
more and more sedentary and diversified in fishing and agriculture, adding additional stress to
the competition for natural resources and access to arable land (Hilson and Garforth, 2012;
Fanzo et al., 2013; De Saulieu and Testart, 2015). These different activities are abundantly
exposed to the harmful effects of climate change, then the drought threatens the livestock and
consequently weakens. Livestock contributes in the different areas of the country to the
advance of desertification, because the animals feed on young shoots, preventing
reforestation. Poverty, insecurity, overexploitation of natural resources and the effects of

climate change are driving herders towards transhumance.

The ever-increasing proximity of livestock to fields and the increased potential for damage to
plantations has increased the risk of conflict between herders and farmers (Gaye, 2018;

Chukwuma, 2020). It is in these contexts that understanding the various pressures exerted on



the use of natural resources is imperative for agricultural productivity and the feeding of
livestock in Mali. Agricultural production systems are exposed to climate change as soon as
they mobilize climate-dependent resources. The challenge for the scientific community is to
produce knowledge enabling practitioners to anticipate the effects of climate change on
production systems, and to develop methods and tools to adapt to them. Grassland farming
systems are particularly affected by climate change given that they depend on fodder
resources, the seasonality and productivity of which are strongly linked to the climate
(Rivera-Ferre et al., 2016). Their adaptation to climate change requires anticipating trends and

inter-annual variability.

The objective is to provide advice on the main issues that highlight the challenges in order to
learn more about the reality of climate change in agro-pastoral environments of which it is
necessary to find adaptation strategies to deal with the impact of climate change on agro-
pastoralists in Mali. This will make it possible to integrate agricultural and animal adaptation
measures to ensure food security and prevent the risk of food crises.

Specific objectives are to:

Analyse climate trends on agropastoral activities in Mali,

Investigate innovative adaptation options in the agriculture and livestock sector in Mali.

2. Materials and Methods
1.1.Study zone

Mali is a vast continental country in West Africa, with a population of 20,137,527 million
inhabitants spread over an area of 1,241,238 km2. Mali is divided into fourteen (14) regions
and one (01) district. These subdivisions are named after their main city. The three northern
regions (Gao, Kidal, Timbuktu, Taoudéni, Ménaka) represent two-thirds of the country's
surface area for only 10 percent of its population (World Bank, 2019). The country shares its
borders with seven other countries Algeria to the north, Niger to the east, Burkina Faso and
Cote d'lvoire to the south, Guinea to the southwest, Senegal to the west, and Mauritania to the
west and northwest. Most of the population lives in rural areas. The country's economy is
based on agriculture, livestock and fishing (IFAD). In Mali, 60% of the population live in
rural areas, where the incidence of poverty is 53%. Agriculture occupies more than 75 percent
of the active population. Farmers and agro-pastoralists form the poorest strata of society: the
poverty rate there reaches 57% (IFAD, 2020).



Mali has areas of cultivable Arab land and cropland occupies 4.7 million ha or 4% of the

territory (FAO, 2017). Slightly ferralitic soils occupy nearly 2 million ha in the extreme south

of the country, tropical ferruginous soils cover approximately more than 17 million ha in the

northern Sudanian zone and the Sahelian zone. The northern Sudanian and southern Sahelian

zones are arid-type soils (FAO, 2017).

The country has three climatic zones:

The northern two thirds of the country, entirely desert, belong to the southern Sahara,
with annual rainfall of less than 127 mm This region is crossed by nomads with their
herds (Mougin et al., 2009; Hereher, 2011);

The centre: the Sahelian region, relatively dry (with relatively insufficient tropical
rain), is covered with steppe gradually replaced by savannah towards the south. The
Niger Valley is cultivated thanks to some development work: rice, cotton, shea,
groundnut, millet, sorghum, corn; (average precipitation in between 300 and 600 mm).
However, these amounts can vary greatly from year to year;

The Sudanese region is an area with precipitation of 1,400 mm per year and average
temperatures between 24°C and 32°C (Tekete and Koita, 2010; Bokar et al., 2012). It
is, in its northern part, covered with savannah becoming increasingly dense and
gradually turning into forest towards the south (Bucini and Lambin, 2002; Laris,
2011).

The relief is slightly accentuated. The alluvial plains, very vast, are however dominated by

some limestone and sandstone plateaus (Mandingo and Dogon plateaus) (Gabriel, 1987;
Traore et al., 2016). Mali’s highest peak is Mount Hombori (1,155 m) (Walther et al., 2009;
Hallett, 2018; Apriliani et al., 2021).
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Map 1: three climatic zones of Mali
(Coulibaly et al., 2016)

1.2.Data and method of analysis
1.2.1. Methodology used for survey
Household surveys were used as a methodology during this work. To this end, a questionnaire
was developed, programmed and administered through the Kobocollect tool to target groups
(agro-pastoralists) and other actors in the field of climate change.
The choice of localities was based on the importance of agro-sylvo-pastoral activities in the
different regions of the Republic of Mali. A reasoned sampling was used to choose the
villages in the communes at the level of the different target regions. The purposive sampling

method was adopted taking into account accessibility, insecurity due to jihadism, banditry and



rebellion. These situations have made more than 2/3 of the territory of Mali escape the
controls of the Malian authorities.

Quantitative and qualitative surveys were carried out among the target groups as well as other
actors in the field of climate change. The surveys were conducted using phones with the
Kobocollect app installed. They involved 355 people, 39.15% of whom were women, in 33
villages in 22 communes in 14 circles and 10 regions of Mali (i.e. 52.26% coverage rate for
the regions of Mali). The field survey work was supervised remotely but also through field
supervision missions in the regions of Sikasso, Bougouni, Koulikoro and Kita.

The interviews carried out made it possible to collect the essential information required on:

e Modes of exploitation and management of natural resources (water, land and
vegetation), agricultural production systems (plants and animals), non-agricultural
production systems;

e The natural, social, human and physical resource determining the conditions of
agropastoralists;

e Agropastoralists perception of climate change concerning the rainy season,
temperature, water resources and their impacts on resources;

e Evaluation of endogenous adaptation strategies (strengths and weaknesses).

1.2.2. Methodology used for climate data analysis

In the context of this study, we used the data of daily rainfall and maximum and minimum
temperatures in the regions of Mali more precisely (Bamako, Segou and Sikasso), over a
period from 1960 to 2020 these data come from the database of the National Meteorological
Directorate of Mali (Mali-Météo). For the statistical analyses, Instat+ version 3.36 software
was used. The software was used to organize the data and make agro-climatic analyzes of
trends, risks, climatic extremes, statistical calculations and graphical representations. The
XLSTAT software was also used to perform rainfall and temperature rupture tests. The Excel
spreadsheet was used for the entry, processing and analysis of the figures and the production
of figures and graphs.

The meteorological data collected were used for the various analyses of the agro-climatic
parameters.

The analyses were used to characterize and understand various climatic processes related to
weather and to follow the fluctuations of meteorological elements over the long term. The

analyses were carried out on:



- the precipitation anomaly and the trend of rainfall accumulations, as these play an
important role in local agricultural and pastoral production, but also in the productivity
of resources exploited by agropastoralists;

- the trend of the duration of the rainy seasons, the number of rainy days and the dry
sequences in order to analyse the impact of climate change on agropastoralists;

- the calculation of the length of the rainy seasons through the start and end dates of the
rainy season;

- the trend of maximum and minimum temperatures in order to assess local warming

and deduce their impacts on the activities of agropastoralists with the software.

1.2.3. Standard anomaly analysis method (Lamb indices)

The study of climate variability and change was approached by the calculation of Lamb index
which made it possible to identify the major trends in the time series (Salvati et al., 2019). It is
calculated using the weighted moving average method. To better observe the periods of
deficit and surplus at the interannual scale, the calculated moving averages have been
centered and reduced using the standardized formula, defined as a reduced centered variable
and which is the ratio of the deviations from the mean over the standard deviation.

To determine the surplus or deficit periods compared to the 1961-1990 normal, the Lamb
index was used (Lamb, 1983).

_ Xi-X
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1 2-1

- Where is the standardized anomaly (Lamb index), Xi is the variable studied for the
weather or rainfall of the year (i), X is the average of the reference period considered or
again Average interannual rainfall over the reference period, ¢ is the standard deviation of
the reference period or the interannual rainfall over the reference period.

1.2.4. Criteria method for agro-climatic parameters

The criteria used to calculate the start date of the season: the rains are considered satisfied

when a rain of at least 20 mm has been collected from May 1 in one or two consecutive days

without a dry episode more than 10 days is observed within 30 days of (Sivakumar, 1988,

1993).

1.2.5. Start and End dates of the rainy season
For the end date of the rainy season, the criteria are based on the water balance. Such as, the

rainy season is considered to be over when, from September 1, the soil water reserve is



depleted by daily evapotranspiration of 5 mm and becomes constantly less than or equal to
0.05 mm. (Landry et al., 2017).

1.2.6. Length of the season
Regarding the length of the season, it corresponds to the difference between the end date and

the start date of the season at a given station (Balme, 2005; Ozer, 2007).

1.2.7. Mann Kendall trend test
The Mann Kendall test, of the non-parametric type; it makes it possible to measure the degree
of significance of the trend observed in the series (Lawin et al., 2011). For its implementation,
one calculates for each term Xi of the series of n terms, the number Mi of preceding terms
which are lower than it. The statistic dn given by equation (3.2) is the sum of the numbers
thus calculated.
dn = Y} Mi 2-2

For a large enough number n of year of observations, dm follows a normal distribution (null
hypothesis of no trend) with an expected value of the mean given by equation (3.3) and a

variance given by the equation (3)

n(n—1)

E(dn) = 2

2-3

n(n—1) 2(n+5)
72

Var(dn) = 2-4

The null hypothesis is rejected if for a large number of U(dn); the critical value of U(dn) is
given by the probability table of a reduced Gauss law (Bruce Langdon, 1992), the null
hypothesis is accepted or rejected. The difference between the means of two series will be
significant at the 5% risk if U is greater than 1.96 and highly significant at the 1% risk if U is
greater than 2.57. If so, it means that there is a significant increase for U(dn)>0 or a
significant decrease for U(dn)<O0 in the data series U(dn) is given by the equation (2) proposed
by Goossens and Berge, (1987).

The dm value will be compared to E(dn) by the statistic:
(dn—E(dn))

U(dn) - JVar(dn)

2-5



The null hypothesis is rejected at the threshold of a = 5%, if U(dn) exceeds the critical value
1.96. If this is the case, it means that there is a significant increase for U(dn) > 0 or a
significant decrease for U(dn) < 0 in the data series.
This trend is highly significant if U(dn) exceeds the critical value 2.57 at the threshold of a
=1%.

1.2.8. Method of determining the break year in the time series
To check the relevance of the trend observed in the evolution of a time series, two tests are
used: The non-change in the pace (homogeneity) of the series we applied the non-parametric
test of Pettitt (1979). This test makes it possible to apprehend the breaking points in the pace
of a series in order to classify it into sub-series. The Pettitt rupture detection test whose null
hypothesis consists of the instability in the equality of the means of two sub-series from the
series (Coops, 1992; G. R. Demarree, 1990; Mallakpour and Villarini, 2016). Indeed, the
XLSTAT software was used for the Pettitt test.

3. Results and discussions

2.1.Trend of Rainfall Characteristics over Mali (Bamako, Segou and Sikasso)

The analysis of rainfall anomaly index shows the interannual variability in the 1960-2020
series for Bamako (Figure 1). Since 1968, there have been significant year of rainfall deficit
with the year 1970, therefore the number of drought events occurred from years 1980 to 1990
and 2000 considered as year of great drought. Our results are identical to those of (Nicholson
et al., 2018) who worked on precipitation on the African continent in the 19th and 21st
centuries, more precisely the Sahel, these results showed a sharp drop in precipitation that
occurred around 1968.

This evolutionary curve of rainfall accumulations from 1960 to 2020 shows a downward
trend in accumulations in the 3 different regions of Mali then a very variable trend to normal
from 2000 to 2007. However, from 1960 to 2020 there is an increased variability of rainfall.
interannual rainfall with a downward trend in rainfall in these three regions of Mali Bamako,
Ségou and Sikasso.

The calculation of the standardized index on rainfall from 1960 to 2020 of Bamako station
shows a rainfall deficit which increases from 1970, 1972, 1980, 1883 to 1985. The year 1972
(average precipitation of 643mm) corresponds to the year from which there is a general
downward trend in the time series of rainfall (Figure 2). A study on the Sahelian droughts

showed the rainfall deficit over the whole of West Africa, precisely the ENSO events in the



Sahel region from 1972, 76, 82, 83, 92 and 93 (Janicot et al., 1996).

The analysis of rainfall by the Mann Kendall and Homogeneity tests at the Bamako station
shows in 1967 with an average precipitation of 1242 mm which negative compared to the
average. In addition, the first and second rupture has been observed in the period 1998 and
1994 with an average precipitation of 936 mm (Figure 2). The difference shows a drop in
precipitation of 136mm after the break year. The trend analysis of the 1960-2020 series also
shows a decrease in precipitation in the zone. Praveen et al., 2020 studied on trend analysis
and forecasting of rainfall changes in India using nonparametric and machine learning

approaches showed the significant decrease in rainfall for India and that this decrease has

been accentuated.
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Figure 1. Interannual variability of rainfall for Bamako (orange line is moving average and

red line is linear trend forecasting)
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Figure 2. Annual rainfall of Homogeneity test trend test for Bamako (blue line is a mean in

the series from 1960-2020 and red line is linear trend)

2.1.1. Trend of annual rainfall in Bamako from 1960-2020
The general trend of the 1960-2020 rainfall accumulation curve for Bamako shows a decrease
in precipitation with a linear upward trend (Figure 3). But this trend is not significant because
p-value (bilateral) = 0.38 which is higher than the alpha threshold level of significance = 0.05:

according to the Mann-Kendall trend test.
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Figure 3. Interannual variability of Man-Kendal trend test for Bamako (orange line is moving

average and red line is linear trend forecasting)



2.1.2. Interannual variability of precipitation for Segou

Evolution of rainfall analysis for Ségou region shows a general drop in rainfall accumulations
with an average decrease of 13mm from 1960 to 2020. The application of the Pettitt test
detected a break from 1970 in the series of rainfall accumulations of Ségou (Figure 4). Our
results are consistent with those of a study on climate variability case study in Burkina Faso
analyses have shown that rainfall in the region suffered a major break in 1970 using the Pettitt
test (Tirogo et al., 2016). The periods with the most marked dry spells were: 1970 to 1974,
1980 to 1987; 2000 to 2006 and from 2012 to 2018.
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Figure 4. Interannual variability of rainfall for Segou (green line is moving average and red
line is linear trend forecasting)

2.1.3. Trend of analysis of rainfall for Segou and Sikasso from 1960-2020

The detection of breaks in the rainfall series of the Ségou region, according to Mann Kendall
(Pettitt test) showed that there is no statically significant trend in the series. According to P-
value=0.6586 (Figure 5 (a)) and that of P-value=0.224 (Figure 5 (b)) which shows that there
IS no rupture according to the Pettitt test. Indeed, on the basis of calculations of the two
averages, it appears that between the series of 1960-1989 (i.e. 622 mm) and 1990-2020 (i.e.
635 mm), a drop of -13mm (i.e. an annual decrease of -638.2 mm) in the time series 1960-
2020. In addition Pettitt's test showed an abrupt change in the 1983 annual series (Figure 5
(b)), however our results are identical to a study carried out in the southwest from Iran which
showed that the rainfall abrupt was in 1983 (Dhorde & Zarenistanak, 2013).
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Figure 5. Trend analysis of annual rainfall (a) and the abrupt change in the trend (b) for Segou
Figure 6 for the Sikasso region indicates the presence of dry period from 1965 which has been
observed. However, a period 1968 to 1970 and 1975 to 1980 which is wet in the time series of
rainfall. Finally, there is an alternation of dry year between 1994. The results are similar to
those studies conducted this last decade revealed that 1994 is considered as a dry period in

Sikasso region

August. However, the trend of annual cumulative rainfall is decreasing. This decrease is
statistically significant according to the Man Kendall test at the 5% level (Figure 7 (a)).
According detection of breaks in the 1960-2020 rainfall series on Sikasso, the Mann Kendall
(Pettitt test) showed a break in the 1960-2020 series. The breaks years are 1989 and 2010

(Figure 7 (b)).

(Lin et al., 2013; West, 2017). The wettest month of the rainy season is
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Figure 7. Trend analysis of annual rainfall (a) and the abrupt change in the trend (b) for

Sikasso

2.1.4. Start and end date of the rainy season of Bamako, Ségou and Sikasso in the
period from 1960-2020

The results of the statistical analysis of rainfall data for a period from 1960 to 2020 show that
the average date of the rainy season starts from May 28 and the average end date of the rainy
season is October 6 in Bamako (Figure 8 (a)).

The trend in the length of the rainy season in Bamako has been decreasing for the period
1960-2020 (Figure 8 (b)). This reduction trend is reflected in the variability of rainfall

reported by agropastoralists during the field surveys that were conducted.
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Figure 8. Trend of the start and end of the rainy season (a) and the length trend of the rainy

season (b) for Bamako

The evolution of the climatic parameters of the rainy season in the region of Ségou (Figure 9
(a)) experiences a high inter-annual variability both for the start date and the end of the rainy
season. We note an increasingly late installation of the rainy season on June 16 for the 1960 to
2020 series. On the other hand, the end of the season is getting earlier and earlier with a date
of September 23.



The length of the season shows a downward trend, which results in the reduction of the wet

period. This tendency to reduce the length of the season is estimated at 7 days (Figure 9 (b)).

These results confirm the perception of the agropastoralists surveyed who perceive that the

start of the rainy season is late and the end is early.
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Figure 9. Trend of start and end of the rainy season (a), and the length trend of the rainy

season (b) for Segou

The analysis of climatic parameters shows that the rainy season in the Sikasso region starts on

average on May 20 and ends on October 14 (Figure 10 (a)). It is deduced a longer duration of

the rainy season in the region of Sikasso compared to Bamako and Segou.

The trend of the length of the rainy season in Sikasso is experiencing a reduction in the series

of 1960-2020 (Figure 10 (b)) This decreasing trend results in increased rainfall variability.



These results confirm the perception of agropastoralists concerning the length of the rainy

season mentioned during the surveys that were carried out in the field.
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2.1.5. Trend of maximum and minimum temperatures over Bamako, Ségou and
Sikasso
The analysis of the maximum temperatures shows an anomaly of a general upward trend
(Figure 11 (a)) for an average of 34.65°C in the time series of 1960-2020. According to the

Mann-Kendall test, this trend is significant because the p-value = 0.03 which is lower than the



threshold significance level alpha=0.05. The risk of rejecting the “no” significance of the
trend is 0.03%. The average of the two ruptures in the series from 1960-1989 is estimated at
34.57°C and from 1990-2020 is at 34.72°C (increase of +0.15°C). The analysis of minimum
temperatures (Figure 11 (b)) shows that the trend is increasing with an average of 21.18°C in
Bamako during the period 1960 to 2020 and this increase in minimum temperatures is in

accordance with the perception surveyed agropastoralists.
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Figure 11. Anomaly trend of maximum (a) and minimum temperature (b) for Bamako from

1960-2020 (red line a, b is linear trend and black line is moving average)

The maximum temperature for the Segou region shows an increasing trend in the time series
of 1960-2020 with an average of 36.23°C (Figure 12 (a)). This upward trend is 0. 51°C for



the whole period (Table 1Table 1). These results of the evolution of the maximum
temperature of the series considered are in agreement with the perception of the agro-
pastoralists who declared an increase in temperature. Also other studies have shown an
upward trend in maximum temperatures in the Segou region (Touré et al., 2017; Diop and
Barro, 2021).

Table 1. Segou maximum temperatures

Ségou Year of ruptures Mean Average

Station increase
1960-2020 36.23°C +0.24°C
1960-1989 35.96°C +0.51 °C
1990-2020 36.47°C +0.75°C

Data from the analysis of minimum temperatures in the Ségou region showed an interannual
change in temperatures recorded throughout the 1960-2020 series with an average increase of
22.67°C (Figure 12 (b)). Ruptures were observed during the period 1960-1979 with an
average of 22.48°C and from 1980-1999 with an average of 22.74°C (Table 2).

Table 2. Ségou minimum temperatures rupture

Ségou Station

Year of ruptures Mean Average increase
1960-1979 22.48°C +0.19
1980-1999 22.74°C +0.30°C

2000-2020 22.77°C +0.49°C
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Figure 12. Anomaly trend of maximum (a) and minimum temperature (b) for Segou from

1960-2020 (red line a, b is linear trend and black line is moving average)

The evolution of minimum temperatures shows an upward trend of +0.58°C under two time
series (1960-1989 and 1990-2020) for the period 1960-2020 (Figure 13 (a)). The average
maximum temperature is 33.85°C. Since 1979, year of temperature increase have generally
been recorded until 2010. The trend is statistically significant since p-value equal to 0.0001,
therefore lower than the alpha threshold of 0.05 (Mann Kendall test) (Figure 13Figure 13
(b)).As for the annual average minimum temperature, the application of the Pettitt test has
made it possible to highlight a significant break from 1982, thus dividing the series into two
homogeneous sub-series. The average for the 1960-1989 series is 21.36°C against 21.94°C for

the 1989-2020 series (Table 3. Sikasso minimum temperature ruptureTable 3). Therefore,



similar results showed that the increase in the annual minimum temperature of +0.58°C of
Sikasso station (B. Traore et al., 2013).
Table 3. Sikasso minimum temperature rupture

Station de Sikasso

Year of ruptures Moyenne Average increase
1960-1989 21.36°C
1990-2020 21.94°C +0.58°C
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2.1.6. Perception of agropastoralists on climate variability of the rainy seasons and
vegetation

The analysis of information collected from agropastoralists on the perception of climate
variability shows an increased variability of the start date of the rainy season in the last 30
year compared to that of now (Figure 14 (a)). About 55% of respondents said that the rainy
season began in May for the past 30, while currently it begins in July according to 51% of
respondents (Figure 14 (b)).

(a)  Perception of agropastoralists on start of the rainy
season 30 years ago
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Figure 14. (past) Trend months of rainy seasons (a) and current (b)

According to the results of the analyses of the surveys of agropastoralists, it appears that the
rainy season could last up to five (05) months in the southern regions of Mali (9%) during the
last 30 year and four (04) months mentioned by 58% of the surveys (Figure 15 (c)).



Nowadays, the same people said that the duration is shortened to three months (03) according
to 55% of people (Figure 15 (d)).

(¢) Perception of agropastoralists on length of the
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Figure 15. (past) Trend length of rainy seasons (c) and current (d)

Surveys of agropastoralists on vegetation revealed a rate of 88% who declared that the current
vegetation is less dense than compared to the last thirty (30) year and this Figure 16 (a) show
that 65% affirmed that the current biodiversity is very degraded with the disappearance of
plant species expressed by 59% of those surveyed. These species in local languages and
scientific name in bracket are: Balanza (Faidherbia albida), N'toro (Laggera alata), Doubalén
(Canarium schweinfurthii), N'djoun (Mitragyna inermis), Bana, N'gaba (Gamma-
aminobutyric acid), Néré (Parkia biglobosa), Bojiri, N'galajiri, Boina, Saboye, Dani, Guele,
Sama-nére (Entada Africana), Ntongue (Ximenia americana), Sindia, Koronifi (Vitex
doniana), Zamba, Sounsou (Annona senegalensis), N'gueni (Cyperus rotondus).

The results of the surveys revealed that 61% of agro-pastoralists were victims of at least one

climate-related disaster and which caused several damages (Figure 16 (b)) in particular: loss



of crops (44%); loss of fields (26%), loss of animals (12%), insufficient pasture (5%), farmer-

herder conflicts (4%) (Figure 17). These various damages suffered by agro-pastoralists have

been caused by flooding, drought, locusts, erosion, wandering animals, low rainfall,

insufficient water available for agriculture and for breeding.
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Harms/damages suffered by agropastoralists in a climate-related conflict or
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2.1.7. Adaptation strategies practiced by agro-pastoralists in the face of climate

change

It emerged during field surveys that in the face of climate variability, 85% of agro-

pastoralists have adopted and practice new techniques:

» in agriculture, these are namely the use of new varieties of adapted early seeds, the use
of organic manure (41%) or the spreading of household waste, chemical fertilizer
(15%) (Urea 46%, Nitrogen 17%, Phosphorus 17%, and Potassium 17%), ridging
(22%), ploughing (12%), cover plant (11%), Zai (7%), half-moon ploughing (5%) and
tree planting (5%) (Figure 18 (a)), stone cordon for the fight against water erosion
(13%), crop rotation, crop diversity, flood recession cropping, rainwater harvesting.
The effects of climate change led 72% of the people surveyed to re-sow their fields. In
order to cope with the effects of runoff and strong winds on crops, 39% of
agropastoralists surveyed said they had adopted tree planting (windbreak).

» in breeding, it is: the cultivation of fodder cowpea for animals, the sowing of pastures,
the cultivation of forestry cultivation in ponds (Echinochloa stagnina) and lowlands
for fodder, the storage of straw, the creation of livestock feed banks, cattle and sheep
fattening. Agropastoralists have taken steps with various technical and financial
partners to help them in the development of pastoral spaces (drilling of pastoral



boreholes, materialization of pastoral tracks), the construction of livestock feed
storage warehouses, animal health support Agropastoralists used other types of
strategies during periods of household food deficit but also during livestock fodder
deficit in order to support:

the strategies adopted and mentioned in relation to the food deficit in households were:
market gardening (47%), the sale of animals (31%), petty trade (11%), external
transfer (6%), exodus (3%), loan or debt (1%), temporary labour, village solidarity and
aid from projects or NGOs (Figure 18 (b)).

the strategies adopted and mentioned in relation to the fodder deficit of livestock
focused on: the sale of animals/destocking (53%), loan or debt (27%), transhumance
(13%), aid from projects and NGOs (5%) and the reduction of the food ration (1%)
(Figure 20).
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2.2.Conclusions
The analysis of rainfall accumulations shows the interannual variability in the 1960-2020
series and a downward trend of 13mm with rainfall variability in the 1960-2020 series in the
different regions (Ségou, Sikasso and Bamako district) of Mali. Indeed, these climatic
disturbances generally translate into late beginnings and early ends of the rainy season,



shortening of the rainy seasons in recent decades and frequent drought year have been
observed since the1968. There were significant rainfall deficits with the year 1970, 1976,
1980 until the year 1990 and 2000 considered as year of great drought in the different regions
of Mali. After the information given by agropastoralists surveyed, it appears that the natural
environment that we find today is very different from that of the past. These community
perceptions corroborate agro-meteorological observations and the literature on the climate
crisis in the Sahel. The drop in precipitation, the disruption of the season, the irregularity of
the rains and the frequency of pockets of drought noted by the stockbreeders constitute
manifestations scientifically accepted aspects of the climate crisis in the Sahel. Analyzes of
survey data showed that variability in key rainy season parameters such as start and end dates
and length of the season, as well as increased variability in rainfall, dry spells, Violent winds
and rising temperatures represent a serious threat to agropastoral activity.

Agriculture and livestock are the main activities in Mali, and these sectors are experiencing an
unprecedented crisis. It emerges from the impacts of climate change on agricultural activities:
a rise in temperatures, a change in precipitation patterns, an intensification of extreme events
such as drought, low rainfall (51%), high heat (25%), strong winds, 82% of agropastoralists
surveyed said that the current sowing date is later than in the past. Production and income
from agricultural activity are significantly down compared to previous year. Pasture surfaces
are reduced because they are threatened by soil erosion. Water resources dry up quickly and
undergo the phenomenon of silting up and the water tables deepen. The natural vegetation is
degraded, some very rich plant species eaten by animals have completely disappeared because
they can no longer adapt to these current climatic conditions. Faced with the effects of climate
change, agropastoralists have developed adaptation strategies to guard against climatic
hazards and manage their livestock capital. Adaptation strategies relating to the improvement
of agricultural production, the management of water resources and vegetation have been
proposed. These include the use of organic manure, and the conservation of crop residues for
the restoration of soil fertility, mulching, use of early varieties, adoption of new species or
varieties, sowing of early varieties or resistant to drought, agroforestry, maintaining soil for to

reduce water and wind erosion, reforestation.

Policy Recommendations to address the impacts of climate change on agropastoralists in
Mali: a) Climate-smart agriculture: Promote sustainable farming practices, such as
conservation agriculture, agroforestry, and water management techniques, to enhance

resilience and reduce the ecological footprint of agriculture. b) Diversification and income-



generation: Encourage agropastoralists to diversify their livelihoods through non-agricultural
activities and income-generating ventures, such as small-scale enterprises and off-farm
employment. ¢) Improved water management: Invest in water infrastructure, including small-
scale irrigation systems, water storage facilities, and rainwater harvesting techniques, to
enhance water availability for both agriculture and livestock. d) Access to financial services
and insurance: Facilitate access to credit, microfinance, and insurance schemes tailored to the
needs of agropastoralists, enabling them to cope with climate-related risks and shocks. e)
Strengthened early warning systems and climate information services: Develop and
disseminate timely climate information to agropastoral communities, empowering them to
make informed decisions about farming practices, livestock management, and disaster
preparedness. f) Capacity building and education: Invest in training programs, knowledge
transfer, and awareness campaigns to enhance the adaptive capacity of agropastoralists and
promote sustainable land and resource management practices.

Conclusion Summarize the key findings emphasizing the urgent need for action to address the
impacts of climate change on agropastoralists in Mali. Stress the importance of a multi-
stakeholder approach involving government, international organizations, civil society, and

local communities to implement and monitor the proposed policy measures

References

Altieri, M. A., Nicholls, C. 1., Shackleton, S., Ziervogel, G., Sallu, S., Gill, T., Tschakert, P.,
Zougmoré, R., Partey, S., Ouédraogo, M., Omitoyin, B., Thomas, T., Ayantunde, A.,
Ericksen, P., Said, M., Jalloh, A., Watkiss, P., Downing, T., Dyszynski, J., ... Sarr, B.
(2016). The science of climate change in Africa: impacts and adaptation. Agriculture
and Food Security, 1(2), 385-399. https://doi.org/10.1016/j.envsci.2015.10.010

Amadou, D., & Diakarya, B. (2021). Analysis of the evolution of agroclimatic risks in a
context of climate variability in the region of Segou in Mali. Statistics Methodology, 1—
25. http://arxiv.org/abs/2106.12571

Apriliani, 1. M., Purba, N. P., Dewanti, L. P., Herawati, H., & Faizal, I. (2021).
Connaissances, attitudes et pratiques des professionnels de la santé sur I’infection a
COVID-19 au Mali. Citizen-Based Marine Debris Collection Training: Study Case in
Pangandaran, 2(1), 56-61.

Ayele, A., & Tarekegn, K. (2020). The impact of urbanization expansion on agricultural land
in Ethiopia: A review. Environmental and Socio-Economic Studies, 8(4), 73-80.
https://doi.org/10.2478/environ-2020-0024

BAD. (2011). Energies Renouvelables Mali. Réalisations, défis et opportunités (Résumeé
executif). https://www.afdb.org/fileadmin/uploads/afdb/Documents/Project-and-
Operations/ER Mali resume exec final.pdf

Balme, M. (2005). au Sahel : variabilité aux échelles. 16(1), 15-22.



Birch, I., & Grahn, R. (2007). Pastoralism - Managing Multiple Stressors and the Threat of
Climate Variability and Change. Human Development Report 2007/2008.

Bokar, H., Mariko, A., Bamba, F., Diallo, D., Kamagaté, B., Dao, A., Soumare, O., &
Kassogue, P. (2012). Impact Of Climate Variability On Groundwater Resources In
Kolondieba Catchment Basin , Sudanese Climate Zone In Mali. ljera, 2(5), 1201-1210.

Braun, Y. A., & Traore, A. S. (2015). Plastic Bags, Pollution, and Identity: Women and the
Gendering of Globalization and Environmental Responsibility in Mali. Gender and
Society, 29(6), 863-887. https://doi.org/10.1177/0891243215602101

Brottem, L. V., & Ba, L. (2019). Gendered livelihoods and land tenure: The case of artisanal
gold miners in  Mali, West Africa. Geoforum, 105(July), 54-62.
https://doi.org/10.1016/j.geoforum.2019.07.005

Bruce Langdon, A. (1992). On enforcing Gauss’ law in electromagnetic particle-in-cell codes.
Computer Physics Communications, 70(3), 447-450. https://doi.org/10.1016/0010-
4655(92)90105-8

Bucini, G., & Lambin, E. F. (2002). Fire impacts on vegetation in Central Africa: A remote-
sensing-based  statistical ~ analysis.  Applied  Geography,  22(1), 27-48.
https://doi.org/10.1016/S0143-6228(01)00020-0

C Goossens, A. B. (1987). Abrupt Climatic Change: Evidence and Implications.
https://books.google.com.ng/books?hl=fr&Ir=&id=MAvk4EwxI6wC&oi=fnd&pg=PA31
&dqg=Goosens,+C.+and+A.+Berger,+1987:+How+to+recognize+na+abrupt+climate+ch
ange%3F.+Abrupt+Climate+Change.+Evidence+and+Implications,+W.+H.+Berger+and
+L.+D.+Labeyrie+Ed.,+D.+Reidel,+

Chukwuma, K. H. (2020). Constructing the Herder—Farmer Conflict as (in)Security in
Nigeria. African Security, 13(1), 54-76. https://doi.org/10.1080/19392206.2020.1732703

Ciavolella, R. (2012). Huunde fof ko Politik: Everything Is Politics: Gramsci, Fulani, and the
Margins of the State in Mauritania. Africa Today, 58(3), 1-21. https://doi.org/Ciavolella,
Riccardo (2012). Huunde fof ko Politik : Everything Is Politics: Gramsci, Fulani, and the
Margins of the State in Mauritania. Africa Today, 58(3), 3-21.
doi:10.2979/africatoday.58.3.3

Coops, A. J. (1992). Analysis of temperature series in Europe in relation to the detection of
the enhanced greenhouse effect. Theoretical and Applied Climatology, 46(2-3), 89-98.
https://doi.org/10.1007/BF00866088

Coulibaly O, Kone AK, Niaré-Doumbo S, Goita S, Gaudart J, D. A. (2016). Dermatophytosis
among Schoolchildren in Three Eco-climatic Zones of Mali. Plos Computational
Biology. https://doi.org/https://doi.org/10.1371/journal.pntd.0004675.9001

De Saulieu, G., & Testart, A. (2015). Innovations, food storage and the origins of agriculture.
Environmental Archaeology, 20(4), 314-320.
https://doi.org/10.1179/1749631414Y.0000000061

Dhorde, A. G., & Zarenistanak, M. (2013). Three-way approach to test data homogeneity : An
analysis of temperature and precipitation series over southwestern Islamic Republic of
Iran. J. Ind. Geophys. Union, 17(3), 233-242.

Douxchamps, S., Ayantunde, A., & Barron, J. (2014). Taking stock of forty years of
agricultural water management interventions in smallholder systems of Burkina Faso.
Water Resources and Rural Development, 3, 1-13.



https://doi.org/10.1016/j.wrr.2013.12.001

Fanzo, J., Hunter, D., Borelli, T., & Mattei, F. (2013). Improve Nutrition and Health Edited
By. 401.

FAO. (2017a). Country Fact Sheet on Food and Agriculture Policy Trends (I7617EN/1/07.17,
Vol. 3, Issue July). www.fao.org/in-action/fapda

FAO. (2017b). The future of food and agriculture: trends and challenges. In The future of food
and agriculture: trends and challenges (Vol. 4, Issue 4).

Ferguson, M. A., & Branscombe, N. R. (2010). Collective guilt mediates the effect of beliefs
about global warming on willingness to engage in mitigation behavior. Journal of
Environmental Psychology, 30(2), 135-142. https://doi.org/10.1016/j.jenvp.2009.11.010

G. R. Demarree. (1990). Quart J Royal Meteoro Soc - January 1990 Part A - Demaree - Onset
of sahelian drought viewed as a fluctuation- induced.pdf. Hydrological Sciences
Journal, 48(3), 116, pp. 221-238.

Gabriel, B. (1987). Palaeoecological evidence from neolithic fireplaces in the Sahara. The
African Archaeological Review, 5(1), 93-103. https://doi.org/10.1007/BF01117085
Gaye, S. B. (2018). Conflicts between farmers and herders against a backdrop of asymmetric

threats in Mali and Burkina Faso.

Hallett, N. (2018). General Introduction. Lives of Spirit, 1-29.
https://doi.org/10.4324/9781315592763-1

Hereher, M. E. (2011). The Sahara: A desert of change. Sand Dunes: Ecology, Geology and
Conservation, October, 101-114.

Hilson, G., & Garforth, C. (2012). “Agricultural Poverty” and the Expansion of Artisanal
Mining in Sub-Saharan Africa: Experiences from Southwest Mali and Southeast Ghana.
Population Research and Policy Review, 31(3), 435-464.
https://doi.org/10.1007/s11113-012-9229-6

Idso, C. D., Carter, R. M., & Singer, S. F. (2015). Why Scientists Disagree About Global
Warming: The NIPCC Report on Scientific Consensus.

IFAD. (2020). Republic of Mali Country Strategic Opportunities Programme 2020-2024
(Issue EB  2020/131(R)/R.17).  https://www.ifad.org/en/-/mali-country-strategic-
opportunities-programme

IPCC. (2013). Climate Change The physical science basis. In Contribution of Working.
http://www.klimamanifest-von-heiligenroth.de/wp/wp-
content/uploads/2014/02/IPCC2013_WG1AR5 ALL_FINAL_S768 14Grad_mitTitelCo
ver.pdf

Janicot, S., Moron, V., & Fontaine, B. (1996). Sahel droughts and ENSO dynamics.
Dynamics. Geophysical Research Letters, 23(5), 515-518.
https://doi.org/http://dx.doi.org/10.1029/96GL00246; doi:10.1029/96GL00246

Kongnso, M. E., Buba, U. H., & Nfor, J. T. (2021). Implications of Climatic Stressors on
Agro-Pastoral Resources Among Mbororo Communities Along the Slopes of Kilum-1jim
Mountain, North West Region, Cameroon. Frontiers in Sustainable Food Systems,
5(October), 1-14. https://doi.org/10.3389/fsufs.2021.685071

Kukal, M. S., & Irmak, S. (2018). Climate-Driven Crop Yield and Yield Variability and
Climate Change Impacts on the U.S. Great Plains Agricultural Production. Scientific
Reports, 8(1), 1-18. https://doi.org/10.1038/s41598-018-21848-2



Lamb, P. J. (1983). Sub- saharan rainfall update for 1982; continued drought. Journal of
Climatology, 3(4), 419-422. https://doi.org/10.1002/joc.3370030410

Landry Régis Martial IZANDJI OWOWA et al. (2017). Détermination et analyse des dates de
début et de fin des saisons de pluies de 1979 a 2012 dans la partie Nord de Madagascar
Résumé. Afrique SCIENCE, 13(4), 190-206.

Laris, P. (2011). Humanizing savanna biogeography: Linking human practices with ecological
patterns in a frequently burned savanna of Southern Mali. Annals of the Association of
American Geographers, 101(5), 1067-1088.
https://doi.org/10.1080/00045608.2011.560063

Leal Filho, W., Taddese, H., Balehegn, M., Nzengya, D., Debela, N., Abayineh, A., Mworozi,
E., Osei, S., Ayal, D. Y., Nagy, G. J., Yannick, N., Kimu, S., Balogun, A. L., Alemu, E.
A., Li, C., Sidsaph, H., & Wolf, F. (2020). Introducing experiences from African
pastoralist communities to cope with climate change risks, hazards and extremes:
Fostering poverty reduction. International Journal of Disaster Risk Reduction, 50,
101738. https://doi.org/10.1016/j.ijdrr.2020.101738

Levine, M. D., & Steele, R. V. (2021). Climate change: What we know and what is to be
done. Wiley Interdisciplinary Reviews: Energy and Environment, 10(1), 1-12.
https://doi.org/10.1002/wene.388

Liang, Y., Zhen, L., Zhang, C., & Hu, Y. (2020). Consumption of products of livestock
resources in Kazakhstan: Characteristics and influencing factors. Environmental
Development, 34, 100492. https://doi.org/10.1016/j.envdev.2019.100492

Lin, S., Chou, Y., & Shieh, H. (2013). Pepper (Capsicum spp.) Germplasm Dissemination by
AVRDC-The World Vegetable Center: an Overview and Introspection. Chronica ...,
53(3), 21-217.
http://www.researchgate.net/publication/256666956 Pepper_(Capsicum_spp.)_Germplas
m_Dissemination_by AVRDC__The_World_Vegetable_Center_an_Overview_and_Intr
ospection/file/72e7e5239487c1d0de.pdf

Lynas, M., Houlton, B. Z., & Perry, S. (2021). Greater than 99% consensus on human caused
climate change in the peer-reviewed scientific literature. Environmental Research
Letters, 16(11). https://doi.org/10.1088/1748-9326/ac2966

Mallakpour, I., & Villarini, G. (2016). A simulation study to examine the sensitivity of the
Pettitt test to detect abrupt changes in mean. Hydrological Sciences Journal, 61(2), 245—
254. https://doi.org/10.1080/02626667.2015.1008482

Marega, O., & Mering, C. (2018). Agro-pastoralists in Sahel and social and environmental
changes: New issues, new risks, new transhumance axe. Espace Geographique, 47(3),
235-260. https://doi.org/10.3917/e9.473.0235

Mougin, E., Hiernaux, P., Kergoat, L., Grippa, M., de Rosnay, P., Timouk, F., Le Dantec, V.,
Demarez, V., Lavenu, F., Arjounin, M., Lebel, T., Soumaguel, N., Ceschia, E.,
Mougenot, B., Baup, F., Frappart, F., Frison, P. L., Gardelle, J., Gruhier, C., ...
Mazzega, P. (2009). The AMMA-CATCH Gourma observatory site in Mali: Relating
climatic variations to changes in vegetation, surface hydrology, fluxes and natural
resources. Journal of Hydrology, 375(1-2), 14-33.
https://doi.org/10.1016/j.jhydrol.2009.06.045

Nicholson, S. E., Funk, C., & Fink, A. H. (2018). Rainfall over the African continent from the



19th through the 21st century. Global and Planetary Change, 165(December 2017),
114-127. https://doi.org/10.1016/j.gloplacha.2017.12.014

Olivier Walther, T. R. et J. K., & Heaveny. (2009). Articulo - revue de sciences humaines
tourism in the Dogon Country and the. Articulo - Revue de Sciences Humaines, 4(2008).

Ozer, P. (2007). Définition ( UNCCD ). 40.

PDA. (2013). Politique de Développement Agricole du Mali ( PDA ) Document provisoire. In
Rapport.

Praveen, B., Talukdar, S., Shahfahad, Mahato, S., Mondal, J., Sharma, P., Islam, A. R. M. T.,
& Rahman, A. (2020). Analyzing trend and forecasting of rainfall changes in India using
non-parametrical and machine learning approaches. Scientific Reports, 10(1), 1-21.
https://doi.org/10.1038/s41598-020-67228-7

Raymond P. Motha, V. R. K. M. (2007). Agrometeorological services to cope with risks and
uncertainties. Managing Weather and Climate Risks in Agriculture, 38.
https://doi.org/https://doi.org/10.1007/978-3-540-72746-0 25

Rivera-Ferre, M. G., Lopez-i-Gelats, F., Howden, M., Smith, P., Morton, J. F., & Herrero, M.
(2016). Re-framing the climate change debate in the livestock sector: mitigation and
adaptation options. Wiley Interdisciplinary Reviews: Climate Change, 7(6), 869-892.
https://doi.org/10.1002/wcc.421

Salvati, L., Zambon, I., Pignatti, G., Colantoni, A., Cividino, S., Perini, L., Pontuale, G., &
Cecchini, M. (2019). A Time-Series Analysis of Climate Variability in. Agriculture,
9(103), 1-18.

Sanogo, K., Binam, J., Bayala, J., Villamor, G. B., Kalinganire, A., & Dodiomon, S. (2017).
Farmers’ perceptions of climate change impacts on ecosystem services delivery of
parklands in  southern  Mali.  Agroforestry  Systems, 91(2), 345-361.
https://doi.org/10.1007/s10457-016-9933-z

Sivakumar, M. V. K. (1988). Predicting rainy season potential from the onset of rains in
Southern Sahelian and Sudanian climatic zones of West Africa. Agricultural and Forest
Meteorology, 42(4), 295-305. https://doi.org/10.1016/0168-1923(88)90039-1

Sivakumar, M. V. K. (1993). Growth and Yield of Millet and Cowpea in. 29.

Tekete, C., & Koita, O. A. (2010). Simultaneous Detection of Aspergillus species and
Aflatoxins using PCR and ELISA Tests on Peanuts in Mali. Symposium Malien Sur Les
Sciences Appliquées, January 2015. https://doi.org/10.13140/2.1.1271.3283

Tirogo, J., Jost, A., Biaou, A., Valdes-Lao, D., Koussoubé, Y., & Ribstein, P. (2016). Climate
variability and groundwater response: A case study in Burkina Faso (West Africa).
Water (Switzerland), 8(5), 1-20. https://doi.org/10.3390/w8050171

Touré Halimatou, A., Kalifa, T., & Kyei-Baffour, N. (2017). Assessment of changing trends
of daily precipitation and temperature extremes in Bamako and Ségou in Mali from
1961- 2014. Weather and Climate Extremes, 18(July 2016), 8-16.
https://doi.org/10.1016/j.wace.2017.09.002

Traore, B., Corbeels, M., van Wijk, M. T., Rufino, M. C., & Giller, K. E. (2013). Effects of
climate variability and climate change on crop production in southern Mali. European
Journal of Agronomy, 49, 115-125. https://doi.org/10.1016/j.eja.2013.04.004

Traore, K., Aune, J. B., & Traore, B. (2016). Effect of Organic Manure to Improve Sorghum
Productivity in Flood Recession Farming in Yelimane, Western Mali. Technology, and



Sciences (ASRJETS) American Scientific Research Journal for Engineering, 23(1), 232—
251. http://asrjetsjournal.org/

Unc, A., Altdorff, D., Abakumov, E., Adl, S., Baldursson, S., Bechtold, M., Cattani, D. J.,
Firbank, L. G., Grand, S., Gudjonsdottir, M., Kallenbach, C., Kedir, A. J., Li, P.,
McKenzie, D. B., Misra, D., Nagano, H., Neher, D. A., Niemi, J., Oclbermann, M., ...
Borchard, N. (2021). Expansion of Agriculture in Northern Cold-Climate Regions: A
Cross-Sectoral Perspective on Opportunities and Challenges. Frontiers in Sustainable
Food Systems, 5(July), 1-11. https://doi.org/10.3389/fsufs.2021.663448

UNDP. (2016). Human Development for Everyone. In United Nations Development
Programme. http://hdr.undp.org/sites/default/files/2016_human_development_report.pdf

West, M. W. C. & C. T. (2017). Unraveling the Sikasso Paradox: Agricultural Change and
Malnutrition in Sikasso, Mali. Ecology of Food and Nutrition, 56(2), 101-123.
https://doi.org/10.1080/03670244.2016.1263947

Wieteke Holthuijzen Maximillian, J. (2011). Dry, Hot, and Brutal: Climate Change and
Desertification in the Sahel of Mali. Journal of Sustainable Development in Africa, 13,
No.7(October), 24,
https://www.google.com/search?q=%22Dry%2C+hot%2C+and+brutal%3A+Climate+ch
ange+and+desertification+in+the+Sahel+of+Mali.+Journal+of+Sustainable+Developme
nt+in+Africa%2C+13%287%29%2C+24.%22&ei=\V2KMY9CDMPCZkdUP9KewGA&
ved=0ahUKEWiQi-C8zd_7AhXwTKQEHfQTDAMQ4dUD

World Bank. (2019). Combined Project Information Documents / Integrated Safeguards
Datasheet (PID/ISDS).
https://documents1.worldbank.org/curated/ar/933451579079650766/Project-
Information-Document-Integrated-Safeguards-Data-Sheet-Mali-Improving-Education-
Quality-and-Results-for-All-Project-MIQRA-P164032.docx



