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Resumo: No sudoeste do Mali, os recursos pastorais desempenham um papel importante na
producdo e reproducdo de gado. Esses recursos pastorais sdo muito sensiveis aos riscos
climaticos e afetam negativamente sua disponibilidade em quantidade e qualidade. O principal
objetivo deste estudo foi analisar os riscos e influéncias dos riscos climaticos nos recursos
pastorais e as estratégias adotadas pelos agropastoris para lidar com eles. Para alcancar este
objetivo, foram analisadas tendéncias de dados meteoroldgicos de 1950 a 2022. Os dados

socioecondmicos foram coletados por meio de uma pesquisa semiestruturada administrada a
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404 chefes de familia, de grupos focais por meio de discussao com partes interessadas locais,
usando uma matriz de riscos climaticos. Os resultados obtidos indicam uma concordancia entre
a percepcdo dos agropastoris sobre as mudancas climaticas e as observacGes meteoroldgicas
referentes a diminuicdo da precipitacdo (-213 mm; 63,3%), a0 aumento da temperatura maxima
e minima (+1,33°C, +1,24°C; 93,1%), e ao aumento da velocidade do vento (+0,59 m/s; 97%)
nos Gltimos 70 anos. Os entrevistados observaram uma deterioragdo nas condi¢es dos recursos
pastorais devido aos riscos climaticos em comparacdo com os Ultimos 40 anos (44,8% para
pontos de agua; 23,5% para pastagens; 63,1% para terras salgadas). Os agropastoris adotaram
medidas que lhes permitem ser resilientes. Estas incluem a coleta e armazenamento de residuos
de colheita (49,5%), rega regular de animais (39,6%), mudanca nos ritmos de condugédo de
animais (35,9%), protecdo de espécies de poda (31,7%) e reflorestamento concertado (37,9%).
Os riscos climaticos relacionados aos riscos constituem uma ameaca real aos recursos pastorais
no distrito de Bougouni.

Palavras-chave: Discussdo em Grupos Focais; Percepcdo sobre Mudangas Climaticas;

ObservagOes Meteoroldgicas; Recursos Pastorais; Espécies de Poda.

Abstract: In the southwest of Mali, pastoral resources play an important role in the production
and reproduction of livestock. These pastoral resources are very sensitive to climatic hazards
and negatively affected their availability in quantity and quality. The main objective of this
study was to analyze the risks and influences of climate hazards on pastoral resources and the
strategies taken by agropastoralists to cope with them. To achieve this objective, meteorological
data trends from 1950 to 2022 were analyzed. The socio-economic data were collected through
a semi-structured survey administered to 404 head households, from focus groups through
discussion with local stakeholders by using climatic risks matrix. The results obtained indicate
a concordance between agropastoralists perception on climate change and meteorological
observations concerning the decrease of rainfall (—213 mm; 63.3%), the increase of maximum
and minimum temperature (+1.33°C, +1.24°C; 93.1%), and the increase of wind speed (+0.59
m/s; 97%) over the past 70 years. Respondents noted a deterioration in the conditions of pastoral
resources due to climatic hazards compared to the last 40 years (44.8% for watering points;
23.5% for pastures; 63.1% for salty lands). Agro pastoralists have adopted measures that allow
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them to be resilient. These include the collection and storage of crop residues (49.5%), regular
watering of animals (39.6%), changing of animals rhythms driving (35.9%), protection of
pruning species (31.7%), and concerted reforestation (37.9%). Climatic risk-related hazards
constitute a real threat to pastorals resources in the district of Bougouni.

Key words: Focus Groups Discussion; Perception on Climate Change, Meteorological;
Observations; Pastoral Resources; Pruning Species.

Resumen: En el suroeste de Mali, los recursos pastorales desempefian un papel importante en
la produccidn y reproduccion del ganado. Estos recursos pastorales son muy sensibles a los
peligros climaticos y afectan negativamente su disponibilidad en cantidad y calidad. El objetivo
principal de este estudio fue analizar los riesgos e influencias de los peligros climaticos en los
recursos pastorales y las estrategias adoptadas por los agropastores para hacerles frente. Para
lograr este objetivo, se analizaron las tendencias de los datos meteoroldgicos de 1950 a 2022.
Los datos socioecondémicos se recopilaron a través de una encuesta semiestructurada
administrada a 404 jefes de hogares, a partir de grupos focales a través de discusiones con
actores locales utilizando una matriz de riesgos climaticos. Los resultados obtenidos indican
una concordancia entre la percepcion de los agropastores sobre el cambio climatico y las
observaciones meteorol6gicas con respecto a la disminucion de la precipitacion (-213 mm;
63.3%), el aumento de la temperatura maxima y minima (+1.33°C, +1.24°C; 93.1%), y el
aumento de la velocidad del viento (+0.59 m/s; 97%) en los Gltimos 70 afios. Los encuestados
notaron un deterioro en las condiciones de los recursos pastorales debido a los peligros
climaticos en comparacion con los Gltimos 40 afios (44.8% para los puntos de agua; 23.5% para
los pastizales; 63.1% para los terrenos salados). Los agropastores han adoptado medidas que
les permiten ser resilientes. Estas incluyen la recoleccion y almacenamiento de residuos de
cultivos (49.5%), el riego regular de animales (39.6%), el cambio en los ritmos de conduccion
de los animales (35.9%), la proteccion de especies de poda (31.7%), y la reforestacion
concertada (37.9%). Los peligros relacionados con el riesgo climatico constituyen una amenaza
real para los recursos pastorales en el distrito de Bougouni..
Palabras Clave: Discusion de Grupos Focales; Percepcion sobre el Cambio Climatico;
Observaciones Meteoroldgicas; Recursos Pastorales; Especies de Poda.
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Introduction

Climate change is one of the major challenges facing humanity in the 21st century (IPCC,
2022). It has been characterized by an increase in the frequency and intensity of extreme events,
reduced food and water security, hindering efforts to achieve sustainable development goals
(Ding et al., 2014; IPCC, 2022). In the Sahelian areas, observed temperatures have increased
faster than global warming trends and expectations. This increase has fluctuated between 0.2°C
and 0.8°C from 1961 to 2010 (Sarr et al., 2015). However, anthropogenic climate change has
increased the intensity of extreme events such as flooding and associated impacts (WMO,
2021). Africa is currently a continent under multiple stresses and is highly vulnerable to the
effects of climate change. The influence of these multiple stressors such as environmental
disasters, economic turbulence due to globalization, privatization of resources, and civil strife,
combined with the lack of resources, poses serious challenges for African communities
struggling to adapt to climate change.

In addition, pastoral production systems account for more than 10% of the world’s meat
and support about 200 million households, which rely heavily on camel, cattle, and small
ruminant livestock, about one-third of which are in Sub-Saharan Africa (Walter et al., 2020).
Thus, in Africa, these systems face multiple stressors that can interact with climate change and
variability to amplify the vulnerability of pastoralist communities. These stressors include
rangeland degradation, increased variability in water access, fragmentation of grazing areas
(IPCC, 2014). Increased temperatures led an increasing of the significance of plant tissue and
thus reduced digestibility and degradation rates of plant species (Garnett, 2013; Amole et al.,
2022). Climate change projections predict loss of livestock productivity, loss of range land, and
loss of water sources (USAID, 2017). Rising temperatures in lowland areas of Africa could lead
to a reduction in dairy cow loads in favor of cattle, a shift from cattle to sheep and goats, and a
decrease in reliance on poultry (IPCC, 2014).

However, the current pastoral resources of the last five decades of the Saharo-Sahelian
spaces have been strongly evaluated in terms of quantity and quality, spatial distribution and
access to livestock (Hiernaux et al., 2014). This assessment shows that the social and
environmental problems prevalent in the Sahel and in some West African countries were

aggravated by the onset of droughts in 1974, 1984 and 1990. West Africa, in particular, has
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been described as an area at risk from climate change (Daniel et al., 2017; Filho et al., 2020).
Thus, in the West African Sahel, an upward trend has been observed for maximum and
minimum temperatures in the three ecological zones (Sudanian, Sahelian, and Sahelo-Saharan),
with a more rapid increase in minimum temperatures (Diarra et al., 2022). Thus, the 1970-1990
period shown a rainfall deficit of 30% to 50% compared to the 1950-1969 period (Marega &
Mering, 2018). Thus, the occurrence of these droughts negatively impacts forage and food
production, water availability, and livestock productivity (USAID, 2017). Furthermore,
droughts are likely to increase in the future due to climate change (Frischen et al., 2020).
Climate change is expected to increase the vulnerability of livestock feed in terms of quality
and quantity. Its effect is expected to induce vulnerability in animal production systems by
altering feed consumption, metabolic activities, and defense mechanisms (Hidosa & Guyo,
2017). Hot and dry seasons cause the greatest reduction in biomass yield for different types of
grasses grown in lowland environments (Hidosa & Guyo, 2017), and a loss of woody and
herbaceous appetizing species (Sanogo et al., 2016). Pastoral resources in southwestern Mali
play an important role in both livestock production and environmental restoration. This
situation favors the livestock sub-sector, which is very important to the Malian economy. Its
contribution to the gross domestic product (GDP) is 15.2% behind agriculture at 16.2%
(UNOWAS, 2018; DNPIA, 2020). Livestock size in Mali is estimated at 12,474,462 cattle,
20,142,677 sheep, 27,810,553 goats, 595,869 horses, 1,167,223 donkeys, 1,265,915 camels,
87,216 pigs, and 52,098,451 poultry (DNPIA, 2020). The livestock population is very high and
diverse in terms of breeds (PROGEBE, 2015). The second largest source of income after
agriculture (IMPD, 2007), this sector employs 80% of the rural population and is an important
source of their livelihood (PNDEM, 2004).

Despite the economic importance of this sector, Mali has already felt the negative influence
of climatic hazards since the drought episodes of the 1970s, leading to a reduction in the
quantity and quality of pastures (PANA-Mali, 2007). Uneven distribution of rainfall and strong
winds lead to early drying of the water point, water shortage, and increased degradation of
pastures (Sanogo et al., 2016). This research will contribute to analyzing the risks and
influences of climate hazards on pastoral resources and the strategies taken by agropastoralists

to cope with them.
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Materials and Methods

1. Study Area

The district of Bougouni is located in the Sudano-Guinean zone in the southwestern part
of Mali, between latitudes 10°00' and 12°40' north and longitudes 06°20' and 08°20' west. It has
been created in the years 1956 (Dembélé et al., 2013) and constitutes a real crossroads. Its
climate is of the Sudano-Guinean type, characterized by two types of season. A dry season of
5 to 6 months (November to April) and a rainy season of 6 months (May to October). The
average annual rainfall is approximately 1300 mm (Doumbia, 2009; Coulibaly, 2008).
Respectively, August is the rainiest month and the hottest months are April and May. The
average wind speed in m/s is very high for the months of February, April, and May. The district
of Bougouni is administratively composed of five hundred and forty (540) villages, twenty-six
(26) communes, including one urban and twenty-five (25) rural, distributed in nine (9) sub-
districts (Sanogo, 2006). Covering an area of approximately 20,028 km2, or 1.6% of Mali’s
territory, the district of Bougouni is crossed by National Route 7, which allows it to be reached
in part by Bamako (170 km) and in part by Sikasso (210 km). The district of Bougouni is part
of the “Haut Bani Niger” zone located at an average altitude of 350 m above sea level (Traore
et al., 2021). It is bounded to the north by the district of Kati and Diola (Koulikoro Region); to
the northwest by the district of Yanfolila; to the south by the Republic of Cote d’Ivoire and to
the southwest by the district of Sikasso and Kolondieba (Sikasso Region) (Keita, 2009;
Doumbia, 2009). This study was conducted in the Bougouni district in four communes, namely

Dogo, Koumantou, Garalo and Faragouaran (Figure 1).
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Fig. 1 Map showing the study areas in Mali with the research locations highlighted.
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2. Sample Size
The sample size was drawn on the basis of the 2022 population data for the Bougouni
district provided by the National Population Directorate of Mali. The following formula from
Nyangweso & Gede (2022) was used to determine the size of this sample
N

n= 1)
1+ Ne?

where n is the sample size, N is the finite population, e is the tolerable error limit and 1 is
unit or constant. The simple random sampling method was used to randomly select respondents
from a sampling frame (Bhattacherjee, 2012). The use of this formula allowed to determine 404
heads of household (men and women) as the survey population. The level of precision taken
into consideration is 5% regarding limited financial means and difficulties related to time and
access of some villages.

3. Data Collected

The data collected in the research framework is based on meteorological and socio-
economic data. The meteorological data collected are rainfall (daily and annual), maximum and

minimum temperatures (annual), and wind speed (annual) from 1950 to 2022. They were
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collected at the National Agency of Mali-Météo (annual data) and the Agrhymet Régional
Centre of Niger (daily data). Based on semi-structured questionnaire tools, the Socioeconomic
data were collected through a sample of four hundred-four heads of households through
individual interviews in four (4) communes, including eight (8) focus groups discussion by
using climatic risks matrix. The main parameters of this tool were focused on climatic risk-
related hazards and its effects on existing pastoral resources, and adaptive response strategies.
The collections, based on written survey, were carried out in 4 rural communes (Dogo, Garalo,
Koumantou, Faragouraran). The survey population concerned agropastoralists aged at least 30
years in order to respect the dimension of climate change.

4.1. Socioeconomic Data Analysis

These data were entered, coded, and analyzed in SPSS v23 and Jamovi v2.3 software and
Excel 2013. These data were analyzed in two ways. The first consisted of descriptive statistical
analysis, allowing us to identify trends expressed in numbers and percentages, and the second
consisted of a cross-tabulation of the responses according to age and level of study. For aspects
of endogenous climate knowledge, the term before (years < 1990) and actual (years > 1990) are
used to refer to the standard climate normal (1991-2020) of the World Meteorological
Organization (OMM, 2017).

4.2. Meteorological Station Data Analysis

Climatic data were entered and analyzed using Excel 2013, Instat+.3.36, Xlsat2019
software. The types of analysis included the Standardized Precipitation Index (SPI), Lamb’s
Index, and statistical tests, rainy season analysis (Onset, length, end, dry sequence) for rainfall
data. Statistical tests and anomalies on temperatures and wind speed.

» Lamb’s standard index: It is used to highlight trends in time series and to estimate deficit
and surplus periods on an annual scale (Dao et al., 2010; Alamou et al., 2016). It is calculated

according to the following equation:

Vo =7 )
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Xi is data i for the annual data series; x is the average of the annual data series for the
reference period; o is the standard deviation of the annual data of the series of the reference
period.

 Standardized Precipitation Index (SPI): is calculated using the arithmetic mean and
standard deviation of the precipitation series. It is used to illustrate and categorize drought
periods. In the model, negative values obtained from this equation indicate precipitation deficits
(drought events) while positive values illustrate precipitation excesses (wet events) (Table 1).
Four different categories of drought are defined by McKee et al. (1993). It is calculated from
the following equation:

sp= X
S

(3)

X

X; is the cumulative rainfall for year i; X is the cumulative average rainfall; S; standard deviation

of precipitation in the series.

Table 1. Classification and evaluation of different SPI.

N° SPI values Drought category
1 0to-0.99 Mild drought
2 —1.00 to —1.49 Moderate drought
3 —-1.50 to —1.99 Severe drought
4 <-2.00 Extreme drought

Source: (McKee et al., 1993).

Statistical tests used

» Mann-Kendall trend test (1945)

This non-parametric test allows to characterize a trend or a sudden jump. It is based on the
correlation between the ranks of a time series and their order. Its null hypothesis is that there is
no trend. For each pair of values y; and yj, where i > j, the test asks whether y; > y; (P) or whether

Yi <yj (M). Its statistic is equal to the sum of the differences between two observations, i.e.,
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S=P — M. The significance of a trend can be tested by comparing the standardized value U to
the test variable at the desired level of significance (Cédric, 2008; Hamed, 2008).

* Pettitt test (Pettitt, 1979): The Pettitt test is defined as the point at which a sudden change
or jump occurs in a data series. It is used to determine the year of the break in precipitation or
temperature for a station under consideration. The Pettitt approach is non-parametric and is
derived from the Mann-Whitney test. The absence of a break in the series (X;j) of size N
constitutes the null hypothesis. The implementation of the test assumes that for any time t
between 1 and N, the time series (x"i =1 totand t + 1 to N belong to the same population. The

variable to be tested is the maximum of the absolute value of the variable U,  defined by:
U, ‘sY D
LN = Z:‘:l Z et T 4)

where Djj = sgn(Xj — Xj) wth sgn(x) =1 ifx>0,0six=0et— 1 if x <O0.

If the null hypothesis is rejected, an estimate of the break-up date is given by the time t
defining the maximum in terms of the number of days in the week (Servat et al., 1998). Its null
hypothesis being non-breakage (Paturel et al., 1998).

+ Student’s t test for comparison of means: it is used to compare two means. It tests the
equality of two independent samples and thus makes it possible to prove that the difference
between the two means is significant or not. T follows a Student’s law with v degrees of
freedom where v=n;1 + n2 — 2, where n1 and n are the sizes of the first and second samples
respectively (Cédric, 2008).

Analysis of rainy season parameters: The analysis of the characteristic parameters of the
season (start date, end date and duration) was carried out using INSTAT + v3.36 software
according to the criteria selected for the Sudano-Sahelian zone. These criteria are as follows:

* The start date, upon receipt of 20 mm of rain collected in one (1) or two (2) consecutive
days after May 1, without a dry period of more than 20 days within the following 30 days (Stern,
1981).

* The end date, based on the water balance as a criterion, for example, the first day after

September 1, when the water balance is less than or equal to 0.05 mm. Thus, when plant water
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consumption and climatic demand exhaust the soil water supply (Stern et al., 1982; Stern et al.,
2006).

* Season length is obtained by calculating the difference between the end date and the start
date of wintering (Sivakumar, 1988; Stern et al., 2006).

* Analysis of the frequency of dry spell: A dry spell for a given period is defined as the
maximum number of consecutive days without rain after the start of the rainy season. The
frequency and duration of dry spells are calculated for the months of May, June, July and
August. The threshold chosen is 0.85 mm (Stern et al., 1982; 2006).

Results

1. Observations of Meteorological Stations Data

1.1. A Seasonal Rainfall with a Downward Trend and Variable Parameters and Increasingly
Long Dry Spells

The analysis of the Mann Kendall test on rainfall from 1950 to 2022 shows a decreasing
trend in rainfall. This decrease is significant with a p-value of 0.05. However, analysis of the
Pettitt test showed a rupture in the series in 1966 with 0.023 as p-value. Comparison of the two
means using Student’s t Test reveals a reduction in rainfall of 213 mm from 1950 to 2022
(Figure 2(a)). The analysis of the SPI shows severe droughts in 1973 with an index of -1.5 and
2002 with an index of —1.9; moderate drought for the years 1968 and 2006 with an index of
—1.2, 1972 and 1987 with an index of —1.1, 1984 with an index of —1.4. The Long-Term-
Average (LTA) 5-year and 10-year illustrates a high alternation of wet and dry years after the
1970s (Figure 2(b)).

The Analysis of the season’s parameters shows that the two recent 30-year periods (1950-
1979; 1980-2009) were marked by a delay in the start of the rainy season (on average 6 days),
an early cessation of rainy season (on average 4 days) and a reduction in the number of rainy
days (on average 10 days) (Table 2). The dry spell of May, June, July and August were Figure
4 revealed that frequent of dry spells greater than or equal to five days was present in all months
but very low in May. However, the frequency of those greater than or equal to 10, 15 and 20
days are very high for the month of May. This summarizes that July and August constitute the
rainiest months (Figure 3).
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Table 2. Tendency of rainy season parameters of Bougouni station over the recent thir- ty-year-old
(1950-2010).

p ¢ First Thirty-year- Second Thirty- | ¢
arameters old 1950-1979 year-old mpacts
1980-2009
AORS! 151 May 215 Mai 6 days Late
AERS2 15'[h November 11'[h November 4 days early
ALRS3 184 days 174 days 10 days reduction

Source: Personal work. *Average Onset of Rainy Season; 2Average End of Rainy Season; *Average Length of
Rainy Season.

Fig. 2 Rainfall interannual variation (a) and SPI evidence (b) in the station of Bou- gouni
District from 1950 to 2022. Source: Personal work.

1800 (a) y =-2.2506x + 1254.9
‘E‘ 1600 \.\AA R2=0.0652
S
5 1400 MM m M A
= 1200 U N~ f vl\ A .

B U N A
£ 800 |
L
Z 600 |
5 400 ¢ I 1966 Rupture year I
g 200 |
U 0 1 1 1 1 1 L1 1 L1 1 - 1 - 11 1 11 1 11 1 11 1 I
R EEEEEEE IR R EE R R
I I T T T T T T T T T O T T T O — T — I — T — O — T — I — ]
L T I I I B B B I B B B B B I B = B = B o B B o = B o B
Years
—— Rainfall variation — — Av1=1335 mm
Av2=1122 mm ——p Linear trend
40 - (b) y =-0.0082x + 0.6264
1 R?=0.0337
3.0+

2.0 3
= 10 #1071
7 AL

0.05..‘. |

-1.0 _

20 |

-3.0

R R EE IR EEEE R EEEREERER
2222222222222 2 22288 RRARRSAS
Years

e SPI = LTA S
==p- Linear trend — LTA 10

104
Revista Verde | Petrolina, PE, BR | vol. 01 | n. 05 | Marc¢o, 2024

ISSN: 2764-9024



RV) Revista Verde

esevee ) Green Journal
ISSN: 2764-9024 DOI: 10.5281/zenodo0.10818691

Fig. 3 Dry spells frequency analysis in Boudouni station from 1950 to 2010.
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1.2. Maximum and Minimum Temperatures Trending Upwards

The standardized maximum temperature anomalies indicates that the years 2013, 2016 and
2021 were years of warmer days because the annual average maximum temperatures
corresponding to these years are higher than the annual average maximum temperature (34.1°C)
over the reference period (1950-2022). However, the years 1950 to 1995 were years of less hot
days due to the fact that the annual average of maximum temperatures for these years is lower
than those over the reference period. At the same time, the moving average indicates an in-
crease in maximum temperatures (Figure 4(a)). The Man-Kendall test shows a significant
upward trend in maximum temperatures with a P-value of 0.0001. The Pettitt test indicates a
rupture in the time series from 1950 to 2022 with a P-value of 0.0001. This rupture occurred in
1995. Comparison of the two means using Student’s t-Test indicates an increase in maximum
temperatures of 1.33°C for the reference period (Figure 4(b)).

The standardized minimum temperature anomalies indicate that the years 1951, 2008 to
2010; 2021 were years of warmer nights as the annual average mini- mum temperatures
corresponding to these years are higher than the annual av- erage minimum temperatures
(21.2°C) over the reference period (1950-2022). In contrast, the years 1952 to 2007; 2011 to
2022 were years of less warm nights due to the fact that the annual average minimum
temperatures corresponding to these years are lower than the annual average minimum

temperatures over the reference period (Figure 4(c)). The Man Kendall test shows a significant
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upward trend in minimum temperatures with a p-value of 0.0001. The Pettitt test shows a
rupture in the time series from 1950 to 2022 with a p-value of 0.0001. This rupture was ob-
served in 1995. Thus, the application of the Student’s test indicates an increase in minimum

temperatures of 1.24°C for the reference period (Figure 4(d)).

Fig. 4 Anomalies Interannual variation of maximum (a) and minimum (c) tempera- tures
anomalies; evidence of statistic tests of maximum (b) and minimum (d) tempera- tures in the
station of Bougouni District from 1950 to 2022.
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1.3 Wind Speed

The normalized average wind speed anomalies indicates that the years 1950 to 1954; 2016
to 2020 were higher average wind speed years because the corres- ponding annual averages for
these years are higher than the annual average wind speed (1.28 m/s) over the baseline period
(1950-2022). In contrast, the years 1957 to 1994; 2004 to 2015; 2021 and 2022 were years of
lower average wind speed because the corresponding annual averages for these years are lower
than the average annual wind speed over the baseline period (Figure 5(a)). The Man Ken- dall

test revealed a non-significant upward trend in mean wind speed with a p-value of 0.228. The
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Pettitt test indicated a rupture in the time series from 1950 to 2022 with a p-value of 0.002. This
rupture was observed in 1994. Thus, appli- cation of Student’s t-test indicates an increase in

mean wind speed of 0.59 m/s for the baseline period (Figure 5(b)).

Fig. 5 Anomalies Interannual variation (a) and evidence of statistic tests (b) of wind speed
in the station of Bougouni District from 1950 to 2022.
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2.2. Agropastoralists with Good Endogenous Perceptions of Climate Parameters

Table 4 shows the endogenous perceptions of agropastoralists regarding rainfall. It
indicates that the season is increasingly dry (63.4%). The onset of the rainy season before (years
< 1990) is at onset of May (62.4%) and actual (years > 1990) is at onset of June (51%) with an
increasingly later start of the rainy season. In contrast, the rainy season ended in October before
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(30.9%) and actual (20.2%) with an increasingly erratic rainy season duration. A large majority

of the sur- veys noted a frequency of dry spell (93.6%) particularly those greater than or equal
to 20 days (55.7%). They have noted that it is getting hotter (93.1%) and the winds are

increasingly violent (97%) (Table 4).

Table 4. Socio-demographic characteristics of agropastoralists / respondents in the study area

Parameters Frequency % Rank
Rainy season is more and more
Rainy 90 22.3 2
Dry 256 63.4 1
Normal 25 6.2 4
Erratic 33 8.2 3
Onset of Rainy Season before
Onset of April 10 25 5
Middle of April 5 1.2 7
End of April 7 1.7 6
Onset of May 252 62.4 1
Middle of Mai 93 23 2
End of May 24 5.9 3
Onset of June 11 2.7 4
Middle of June 1 0.2 8
End of June 1 0.2 9
Onset of Rainy Season actual
Onset of April 2 0.5 7
Middle of April 1 0.2 9
End of April 3 0.7 8
Onset of May 41 10.1 3
Middle of May 37 9.2 4
End of May 69 17.1 2
Onset of June 206 51 1
Middle of June 31 7.7 5
End of June 14 3.5 6

End of Rainy Season Before
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Onset of September 7
Middle of September 13
End of September 73
Onset of October 43
Middle of October 28
End of October 125
Onset of November 16
Middle of November 22
End of November 77
End of Rainy Season actual
Onset of September 13
Middle of September 24
End of September 44
Onset of October 72
Middle of October 28
End of October 82
Onset of November 75
Middle of November 32
End of November 34
Length of rainy season
Long 34
Short 110
Normal 36
Erratic 224
Frequency of dry spell
Yes 378
No 26
Average of dry spell length in days
>5 13
=10 82
>15 84
>20 225
Increasingly hot
Yes 376
No 28
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Increasingly violent wind
Yes 392 97 1
No 12 3 2

Source: Individual Survey (December, 2022).

2.3. Degradation of Pastoral Resources due to the Negative Effects of Climatic Hazards

Table 5 is based on the effects of climate hazards on pastoral resources before (years <
1990) and actual (years > 1990). It shows that the condition of watering points for animals was
good before (56.2%) compared to poor at present (44.8%). The condition of pastures was
similar to watering points (44.6%), but very poor at the moment (54.5%). The 57.4% of
agropastoralists perceived that the saline lands were in very good condition before, but are in
poor condition currently (63.1%). In the Bougouni district, agropastoralists’ observations show
that there is an increasing number of highly palatable species (herbaceous and woody) for all
the different categories of animal species. However, most of them are disap- pearing due to
climatic risk-related hazards (Table 6). In particular for the her- baceous species, it is about
Andropogon guyanus (Kunth), Cymbopogon gigan- teus (Chiovenda, Kerhar), Diheteropogon
amplectens (Nees), Rottboellia exalta- ta (Robuta hook), Digitaria horizontalis (Willd),
Sporobolus pyramida-lis (P. Beauv). For woody plants, these are Afzelia africana (Smith ex
Pers), Pterocarpus erinaceus (Poir), Khaya senegalensis (Desr A. juss), Ficus gnaphalocarpa

(miq, steud.ex A. Rick), Securinega virosa (Roxb. Ex Willd. Baill), Baissea multiflora

Table 5. Agropastoralists’ perception of the effects of climatic hazards on pastoral re-

source conditions

Status of watering points

Before Actual
Variables Rank Rank
Frequency % Frequency %

Little good 15 3.7 4 56 13.9 3
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Good 227 56.2 1 62 15.3 2
Very good 139 344 2 33 8.2 5
Little bad 3 0.7 5 40 9.9 4

Continued
Bad 18 45 3 181 44.8 1
Very bad 2 0.5 6 32 7.9 6
Status of pastures
Little good 58 14.4 3 5 1.2 5
Good 144 35.6 2 10 25 4
Very good 180 44.6 1 4 1.0 6
Little bad 9 2.2 5 70 17.3 3
Bad 11 2.7 4 95 235 2
Very bad 2 0.5 6 220 54.5 1
Status of salty land

Little good 52 12.9 3 15 3.7 4
Good 86 21.3 2 12 3.0 5
Very good 232 57.4 1 7 17 6
Little bad 12 3.0 5 32 7.9 3
Bad 15 3.7 4 255 63.1 1
Very bad 7 1.7 6 83 20.5 2

Source: Individual Survey (December, 2022)
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Table 6. Main causes of these changes cited by agropastoralists on pastoral resources.

Main causes Fréquency % Rank
Increasing of dry spell length 224 55.4 1
Erratic rainfall 43 10.6 3
Agricultural pressure 102 25.2 2
Abandonment of tradition 6 15 5
Livestock pressure 17 4.2 4
Land degradation 6 15 5
Late bush fires 5 1.2 6
Herbicide 1 0.2 7

Source: Individual Survey (December, 2022)

Fig. 6. The six (6) main herbaceous (a) and woody (b) species highly palatable to endangered

ani- mals in the research sites.
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2.4. Climate Change as the Main Cause of Degradation of Pastoral Resources

The main causes of degradation of pastoral resources cited by agropastoralists are the
increase in long dry spells (55.4%), agricultural pressure (25.2%), erratic rainfall (10.6%), and
livestock pressure (overgrazing...) (4.2%) (Table 6).

2.5. Multiple and Diversified Strategies to Multiple Climate Risks

Agropastoralists in the research sites have adopted response strategies to reduce their
vulnerability to climate risks related to hazards. Thus, to adapt to the fre- quency of droughts
and erratic rainfall, 49.5% practice collection and storage of crop residues; 25.7% practice
adapted forage cultivation. In face to temperatures increasing, regular watering of animals
(39.6%) and changing of animal rhythm driving (35.9%) are the most common strategies used.
Concerted reforestation (37.9%) and the practice of protection and pruning species (31.7%) are

the most important strategies to adapt to frequency of violent winds (Table 7).

Table 7. Agropastoralists’ response strategies in the face of climatic risks related to hazards.

Strategies for dealing with the various climatic risks related with hazards

Frequency % Rank

Adopted strategies in face to frequent droughts

Practice of adapted forage cultivation 104 25.7 2
Collection and storage of crop residues 200 495 1
Practice of woody biomass Mowing 56 13.9 3
Practice of transhumance
14 35 4
Action in face to rising temperatures
Driving the herds in the early evening 74 18.3 3
Changing of animals rhythms driving 145 35.9 1
Regular watering of the animals 160 39.6 2
Reforestation of shaded species 15 3.7 4
Action in face to Strong Winds
Concerted Rebuilding 153 37.9 1
Assisted Natural Regeneration practice 113 28.0 3
Protection of pruning species 128 31.7 2
Planting of palatable woody species
Action in face to erratic rainfall 10 25 )
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Practice of adapted forage cultivation 90 22.3 2
Creation of water reservoirs and development of watering points 53 13.1 4
Collection and storage of crop residues 100 24.8 1
Purchase of supplementary feed 55 13.6 3

Source: Individual Survey (December, 2022).

Discussion

1. Concordance between Agro-Pastoralists Perceptions and Evidence from Meteorological
Station Data

In the Bougouni district, agropastoralists perceived the manifestations of climate change.
This perception is in concordance or in contradiction with observations from meteorological
stations. In comparison, the decrease in rainfall perceived by agropastoralists is consistent with
meteorological data from 1950 to 2022 in- dicating a reduction in rainfall of 213 mm. These
results are contradictory to that obtained by Traore et al. (2022) in the Sudanian zone of Mali,
who reported an increasing in rainfall trend since 1997 for meteorological data observations
from 1983 to 2018. Agropastoralists perceived an increasingly late start to the rainy season
corroborating meteorological observations that illustrate a delay in the start of the rainy season
at 6 days between 1950-1979 and 1980-2009. The end of the rainy season remains stable
according to the respondents, but the meteorological observations reveal an early end of 4 days.
The frequency of dry sequences greater than or equal to 20 days is perceived by agropastoralists
at the beginning of the rainy season, which is consistent with meteorological observa- tions
indicating a frequency of dry spells greater than or equal to 20 days in May. Idrissou et al.
(2020) in the dry and sub-humid tropical zone of Benin and those obtained by Alle (2014), in
southern Benin illustrated that there is a concordance between meteorological observations data
and the perceptions of herders re- garding later dates of installation of the rainy season. There
is a slight contradic- tion between the meteorological observations and the perceptions of
herders re- garding the dates of the end of the rainy season.

Respondents indicated that an increase in temperature and frequency of high winds. This

is consistent with meteorological observations data (+1.33°C for maximum and +1.24°C for
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minimum temperatures and +0.59 m/s for winds). Similar studies were conducted by Coulilbal
et al. (2022) in Diéma in Mali and Borana in southern Ethiopia (Debela et al., 2015), reporting
that respondents ob- served an increase in temperature during both the dry and rainy seasons
and the strength of the wind is increasingly violent compared to the past. Increasingly hot
temperatures and increasingly violent winds have been observed by surveys in the Sahelo-
Sudanian zone of Burkina Faso (Bambara et al., 2013). According to Gnanglé et al. (2005),
farmers’ perceptions of climate change are consistent with trends of meteorological
observations data.
2. Adverse Effects of Climatic Hazards on Pastoral Resources Degradation
The majority of respondents noted that a degradation of pastoral resources, par- ticularly
watering points, pastures, and salty lands. These influences on pastoral resources are mainly
due to the increase in long-term dry spells, erratic rainfall, and agricultural and livestock
pressures. Similar results were obtained by Nepali & TAMANG (2022) who report that
changing extreme climatic events directly affect the availability of forage, water, forest and
pasture diseases for animals. According to Thornton et al. (2009) and Amole et al. (2022), the
climate change impacts on livestock and livestock production systems in developing countries;
and those of in West African Sahel concluded that climate change can alter the composition of
pastures, such as changes in the ratio of grasses to legumes, dry matter (DM) yields. As a result,
several woody or herbaceous species that are highly appetizing to animals are disappearing due
to climatic risk-related hazards, including Andropogon guyanus (Kunth), Cymbopogon
giganteus, Dihe- teropogon amplectens, Rottboellia exaltata, Digitaria horizontalis, and
Sporobo- lus pyramidalis for herbaceous species. For the woody plants, they are Afzelia af-
ricana, Pterocarpus erinaceus, Khaya senegalensis, Ficus gnaphalocarpa, Securi- nega virosa,
Baissea multiflora. These results are related to that obtained by Idrissa et al. (2020) in the
pastoral enclave of Dadaria, Diffa region in Niger, and by Kiema et al. (2014) in Burkinabe
faso, who indicated that the area of vegeta- tion cover is declining, reflecting a decline in certain
species. Degradation of pastures resulting in a decrease in the availability of fodder biomass, a
decrease in the diversity of fodder species, with well-favored species such as Andropogon
gayanus Kunth, Brachiaria lata (Schumach.) C. E. Hubbard, Alysicarpus ovalifo- lius (Schum.
and Thonn.)Echinochloa stagnina.
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3. Diverse Strategies Adopted in Face to Multiples Climate Hazards

In the Bougouni district, agropastoralists have not remained inactive in face to negative
effects of climate hazards. They have adopted strategies that allow them to be resilient to these
climatic risks and hazards. The main strategies adopted are based on the collection and storage
of crop residues, the practice of adapted fodder crops cultivation, the changing of animal
rhythms driving, regular wa- tering of animals, the practice of assisted natural generation, the
protection of large species, the collection and storage of hay, the purchase of supplementary
food, the digging of water reservoirs and the development of watering points, and the practice
of transhumance. Results were obtained by Sabai et al. (2014) in the Sudano-Sahelian zone of
Benin reported that in order to adapt to climate change, agropastoralists practiced planting,
multiplying watering points, storing hay, purchasing livestock feed, and using woody leaves as
fodder. In the Sahel, research by Bonnet & Guibert (2014) reports that pastoralists purchase
feed and secure fragile animals in times of scarcity, and that the mobility of animals al- lows
them to save all or part of the herd. The mobility of pastoral communities is less vulnerable to

livestock losses compared to those with sedentary livelihoods (Filho et al., 2020).

Conclusion

The main objective of this research was to analyze the risks and influences of climate
hazards on pastoral resources and the adopted strategies by agropasto- ralists to cope with them.
The results obtained indicated a concordance between agropastoralists’ perception of climate
change and meteorological observations concerning the decrease in rainfall, the increase in
temperatures and wind speeds in the Bougouni district from 1950 to 2022. The respondents
identified four climate risks related to hazards, including the frequency of dry spells, rising
temperatures, the frequency of violent winds, and erratic rainfall. These climatic risks
contribute to a deterioration of pastoral resources conditions (pastures, watering points and salty
lands). These degradations are manifested by a low density of pastures, a reduction of the annual
cycle of species, a decrease of her- baceous species (Andropogon guyanus, Cymbopogon
giganteus, Diheteropogon amplectens, Rottboellia exaltata, Digitaria horizontalis, Sporobolus
pyramidalis) and woody species (Afzelia africana, Pterocarpus erinaceus, Khaya senegalensis,

Ficus gnaphalocarpa, Securinega virosa, Baissea multiflora) that are highly pa- latable to
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animals; early drying up of watering points and pollution of available water; collapse of salt
land sites.

However, the agropastoralists have not remained inert in face to these climatic hazards.
They have adopted response measures that allow them to be resilient. These include the
collection and storage of crop residues, the practice of fodder crops, the mowing and
conservation of green herbaceous biomass, the creation of water reservoirs and watering points,
planting of appetizing woody species against the frequency of dry spells and erratic rainfall;
regular watering of ani- mals, modification of the rhythms of driving animal, reforestation of
shaded species against temperature increases; protection of pruned species, the practice of
assisted natural regeneration and concerted reforestation against the frequen- cy of violent

winds.

References

Alamou, E. A., Quenum, G. M. L. D., Lawin, E, A., Badou F, D., & Afouda, A. A. (2016).
Spatio-Temporal Variability of Rainfall in the Ouémé Basin, Benin. Vol. 12, 315-328.
https://www.researchgate.net/publication/333482058

Alle, C. S. U. Y. (2014). Analysis of Climate Change Management by Maize Producers
on the Plateau of Allada in South Benin (175 p.). University of Abomey Calavi.

Amole, T., Augustine, A., Balehegn, M., & Adesogoan, A. T. (2022). Livestock Feed Re-
sources in the West African Sahel. Agronomy Journal, 114, 26-45.
https://doi.org/10.1002/agj2.20955

Bambara, D., Bilgo, A., Hien, E., Masse, D., Thiombiano, A., & Hien, V. (2013). Farmers’
Perceptions of Climate Change and Their Socio-Environmental Consequences in Tou-
gou and Donsin, Sahelian and Sahelo-Sudanian Climates of Burkina Faso. Producers
Perceptions of Climate. Bulletin de la Recherche Agronomique du Bénin (BRAB), 74,
1840-7099. http://www.slire.net

Bhattacherjee, A. (2012). Social Science Research: Principles, Methods, and Practices. Pure
and Applied Chemistry, 61, 1657-1664. https://doi.org/10.1351/pac198961091657

Bonnet, B., & Guiber, B. (2014). Coping Strategies for Pastoralist Vulnerabilities Trajec-
tories of Pastoralist Families (1972-2010). Afrique Contemporaine, 249, 37-51.
https://doi.org/10.3917/afc0.249.0037

Cédric, C. (2008). Climate Changes Observed in Burgundy since 1961: Study of Temper-
ature and Precipitation Variations (52 p.). University of Bourgogne.

117

Revista Verde | Petrolina, PE, BR | vol. 01 | n. 05 | Marc¢o, 2024
ISSN: 2764-9024



RV) Revista Verde

Revista verde Green Journ al
ISSN: 2764-9024 DOI: 10.5281/zen0do.10818691

Coulibaly, F. (2008). Pharmacovigilance in Pregnant Women under Intermittent Preven-
tive Treatment with Sulfadoxine-Pyrimethamine in the Bougouni District (115 p.).
Thesis Report, Année.

Coulilbal, M., Coulibaly, M., Sarra, M., Samake, S., Malle, M., Sanoussi, A., Cisse, D.,
Sogodogo, D., Daou, M., Dabo, H., Korbo, A., & Timbely, D. (2022). Perceptions of
Agro-Pastoralists in the Rural Commune of Diéma in the Kayes Region (Mali) in the
Face of Climate Change. Les Cahiers des economies Rurales, No. 28, 24-36.
https://www.researchgate.net/publication/361744239

Daniel, A. K., Renaud, F. G., Julia, K., Yvonne, W., & Jakob, R. (2017). Development and
Validation of Risk Profiles of West African Rural Communities Facing Multiple Natu-
ral Hazards. PLOS ONE, 12, e0171921. https://doi.org/10.1371/journal.pone.0171921

Dao, A., Kamagate, B., Mariko, A., Goula B. T. A., Segui, L., Maiga, H., Boka, & Savane, 1.
(2010). Climatic Variability and Hydrological Response of the Kolondiéba Transboun-
dary Watershed in Southern Mali. European Journal of Scientific Research, 43, 435-
444,

Debela, N., Mohammed, C., Bridle, K., Corkrey, R., & Mcneil, D. (2015). Perception of
Climate Change and Its Impact by Smallholders in Pastoral/Agropastoral Systems of
Borana, South Ethiopia. SpringerPlus, 4, Article No. 236.
https://doi.org/10.1186/s40064-015-1012-9

Dembeélé, M., Tohozin, C. A. B., & Toko, M. 1. (2013). Inventory of Mango Orchards in the
Bougouni District in Mali: Remote Sensing Approach. Journal of Applied Biosciences,
66, 5095-5105. https://doi.org/10.4314/jab.v6610.95007

Diarra, D., Abbey, G., & Traore, K. (2022). Drought Monitoring and Assessment of Cli- mate
Parameters Variability in Koutiala and San Districts, Mali. American Journal of
Climate Change, 11, 230-249. https://doi.org/10.4236/ajcc.2022.113011

Ding, W. Q., Ren, W. B, Li, P, Hou, X. Y., Sun, X. L., Li, X. L., Xie, J. H., & Ding, Y.
(2014). Evaluation of the Livelihood Vulnerability of Pastoral Households in Northern
China to Natural Disasters and Climate Change. Rangeland Journal, 36, 535-543.
https://doi.org/10.1071/RJ13051

Direction National des Productionds et Industries Animales (DNPIA) (2020). Rapport
Annuel 2020—L’Oréal. 00223 (148 p.).

Doumbia, Z. (2009). Problem of Blood Transfusion at the Centre de Reference Health of
Bougouni District (76 p.). Thesis Report.

Filho, L. W., Habitamu, T., Balehegn, M., Nzengya, D., Debela, N., Abayineh, A., Mworo-
zi, E., Osei, S., Ayal, Y. D., Nagy, J. G., Yannick, N., Kimu, S., Balogun, A. L., Alemu,
E. A, Li, C., Sidsaph, H., & Wolf, F. (2020). Introducing Experiences from African

118
Revista Verde | Petrolina, PE, BR | vol. 01 | n. 05 | Marc¢o, 2024

ISSN: 2764-9024



RV) Revista Verde

Revista verde Green Journ al
ISSN: 2764-9024 DOI: 10.5281/zen0do.10818691

Pasto- ralist Communities to Cope with Climate Change Risks, Hazards and Extremes:
Fostering Poverty Reduction. International Journal of Disaster Risk Reduction, 50,
Article ID: 101738. https://doi.org/10.1016/].1jdrr.2020.101738

Frischen, J., Meza, 1., Rupp, D., Wietler, K., & Hagenlocher, M. (2020). Drought Risk to
Agricultural Systems in Zimbabwe: A Spatial Analysis of Hazard, Exposure, and Vul-
nerability. Sustainability (Switzerland), 12, Article No. 752.
https://doi.org/10.3390/sul12030752

Garnett, T. (2013). Livestock and Climate Change. In J. D’Silva, & J. Webster (Eds.), The
Meat Crisis: Developing More Sustainable Production and Consumption (26 p).
Earth- scan. https://doi.org/10.4324/9781849776561

Gnangle, P. C., Yabi, J., Glele, K. R., & Sokpon, N. (2005). Changements Climatiques:
Perceptions et stratégies d’adaptations des paysans face a la gestion des parcs a karité au
Centre-Bénin. La Revue Electronique En Sciences de I’environnement, 152, 18 p.

Hamed, H. K. (2008). Trend Detection in Hydrologic Data: The Mann-Kendall Trend Test
under the Scaling Hypothesis. Journal of Hydrology, 349, 350-363.
https://doi.org/10.1016/j.jhydrol.2007.11.009

Hidosa, D., & Guyo, M. (2017). Climate Change Effects on Livestock Feed Resources: A
Review. Journal of Fisheries & Livestock Production, 5, 5-8.
https://doi.org/10.4172/2332-2608.1000259

Hiernaux, P., Diawara, M., & Gangneron, F. (2014). What Accessibility to Pastoral Re-
sources in the Sahel? Livestock Farming in the Face of Climatic Variations and
Changes in Sahelian Societies, 249, 21-35.

Idrissa, I., Lawali, S., Karim, S., & Marou, B. (2020). “Community Perception of the Dy-
namics of Sahelian Rangelands over the Last Thirty Years”: The Pastoral Enclave of
Dadaria (Mainé-Soroa, Diffa) in Niger Summary. Journal Afrique Science, 16, 173-188.

Idrissou, Y., Seydou, A., Assani, Tossou, F. M. F., Worogo, H. S. S., Baco, M. N., Adjassin,
J. S., Assogba, B. G. C., & Traore, 1. A. (2020). Perception of Climate Change by Cattle
Breeders in the Dry and Sub-Humid Tropics of Benin: Comparison with Meteorologi- cal
Data. Cahiers Agricultures, 29, 1-9. https://doi.org/10.1051/cagri/2019032

IMPD (2007). Total Economic Value (TEV) of Pastoralism in Mali (30 p.).

IPCC (2014). Africa: Impacts, Adaptation and Vulnerability: Part B: Regional Aspects:
Working Group II Contribution to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change (pp. 1199-1266).

IPCC (2022). Climate Change 2022—Impacts, Adaptation and Vulnerability—Summary
for Policymakers (35 p.).

119
Revista Verde | Petrolina, PE, BR | vol. 01 | n. 05 | Marc¢o, 2024

ISSN: 2764-9024



RV) Revista Verde

Revista verde Green Journ al
ISSN: 2764-9024 DOI: 10.5281/zen0do.10818691

Keita, M. M. (2009). Trachoma in the Health District of Bougouni: Results of the 2008
Survey (70 p.). Dissertation for the Doctorate in Medicine.

Kiema, A., Tontibomma, G. B., & Zampaligre, N. (2014). Transhumance and Natural
Resource Management in the Sahel: Constraints and Prospects in the Face of Changes in
Pastoral Production Systems. VertigO, 14, 1-16. https://doi.org/10.4000/vertigo.15404

Marega, O., & Mering, C. (2018). Agro-Pastoralists in Sahel and Social and Environmen- tal
Changes: New Issues, New Risks, New Transhumance Axe. L’Espace géographique,
47, 235-260. https://doi.org/10.3917/eg.473.0235

Mckee, B. T., Doesken, J. N., & Kleist, J. (1993). The Relationship of Drought Frequency
and Duration to Time Scales. In 8th Conference on Applied Climatology (pp. 179-
184). Colorado State University.
https://www.droughtmanagement.info/literature/AMS_Relationship Drought Freque
ncy Duration_Time Scales 1993.pdf

Nepali, S., & Tamang, R. (2022). Local Perception and Adoption to Climate Change: A
Review of Agricultural Perspective. International Journal of Agricultural and Life
Sciences, 8, 375-383. https://doi.org/10.22573/spg.1jals.022.s122000110

Nyangweso, D. O., & Gede, M. (2022). Performance Evaluation of Land Administration
System (LAS) of Nairobi Metropolitan Area, Kenya. Land, 11, 1-28.
https://doi.org/10.3390/land 11020203

OMM (2017). Directives de ’OMM pour le calcul des normales climatiques (20 p.).
https://library.wmo.int/doc_num.php?explnum_id=4220

PANA-Mali (2007). National Action Program for Adaptation to Climate Change (100 p.).
Final Report.

Paturel, J. E., Servat, E., Delattre, O. M., & Lubes, N. H. (1998). Analysis of Long-Term
Rainfall Series in Non-Sahelian West and Central Africa in a Context of Climate Varia-
bility. Hydrological Sciences Journal, 43, 937-946.
https://doi.org/10.1080/02626669809492188

Pettitt, A. (1979). A Non-Parametric Approach to the Change-Point Problem. Journal of the
Royal Statistical Society Series C (Applied Statistics), 28, 126-135.
https://doi.org/10.2307/2346729

PNDEM (2004). Policy Framework Final Report (20 p.).

PROGEBE (2015). Effects of Transhumance on the Management of Endemic Ruminant
Genetic Resources in Progebe Zone (the Gambia, Mali, Senegal, Guinea) (70 p.).

120
Revista Verde | Petrolina, PE, BR | vol. 01 | n. 05 | Marc¢o, 2024

ISSN: 2764-9024



RV) Revista Verde

Revista verde Green Journ al
ISSN: 2764-9024 DOI: 10.5281/zen0do.10818691

Sabai, K., Gustave, D. D., Emile, A. C., Fabrice, S. J., Gustave, K., Anastase, A., Euloge, O.,
Brice, T., & Brice, S. (2014). Local Perceptions of the Manifestation of Climate Change
and Adaptation Measures in Soil Fertility Management in the Commune of Banikoara in
North Benin. Biosciences, 82, 7418-7435.

Sanogo, B. (2006). Morbidity and Mortality Profile at the Bougoun Reference Health
Center (77 p.). Thesis Report.

Sanogo, T., Garba, 1., & Ballo, A. (2016). Vulnerability of Pastorals Resources to Variabil- ity
and Climate Change in the Municipality of Tioribougou, Mali. CBRST-Benin, 10, 34-59.

Sarr, B., Atta, S., Ly, M., Salack, S., Ourback, T., Subsol, S., & George, D. A. (2015).
Adapting to Climate Variability and Change in Smallholder Farming Communities: A
Case Study from Burkina Faso, Chad and Niger. Journal of Agricultural Extension and
Rural Development, 7, 16-27. https://doi.org/10.5897/JAERD14.0595

Servat, E., Paturel, J. E., Lubes-Niel, H., Kouame, B., Masson, J. M, Travaglio, M., &
Marieu, B. (1998). De différents aspects de la variabilité de la pluviométrie en Afrique de

I’Ouest et Centrale non sahélienne Regarding rainfall in non sahelian western and central
Africa. Revue Des Sciences De L’Eau, 12, 363-387. https://doi.org/10.7202/705356ar

Sivakumar, V. K. M. (1988). Predicting Rainy Season Potential from the Onset of Rains in
Southern Sahelian and Sudanian Climatic Zones of West Africa. Agricultural and For-
est Meteorology, 42, 295-305. https://doi.org/10.1016/0168-1923(88)90039-1

Stern, R. D. (1981). The Start of the Rains in West Africa. Journal of Climatology, 1, 3-5.
https://doi.org/10.1002/;0¢.3370010107

Stern, R. D., Dennett, M. D., & Dale, I. C. (1982). Analyzing Daily Rainfall Measurements to
Give Agronomically Useful Results. I. Direct Methods. Journal of Experimental
Agriculture, 18, 223-236. https://doi.org/10.1017/S001447970001379X

Stern, R. D., Rijks, D., Dale, 1., & Knock, J. (2006). Instant Climatic Guide (330 p.).
https://www.researchgate.net/profile/Roger Stern/publication/264879427 Instat Clim
atic_Guide/links/566532fb08ae493 1cd60a556/Instat-Climatic-Guide.pdf

Thornton, K. P., Van, S. J., Notenbaert, A. M., & Herrero, M. (2009). The Impacts of Cli-
mate Change on Livestock and Livestock Systems in Developing Countries: A Review of
What We Know and What We Need to Know. Agricultural Systems, 101, 113-127.
https://doi.org/10.1016/j.agsy.2009.05.002

Traore, S., Birhanu, Z. B., & Kizito, F. (2021). Irrigation Technologies for Efficient and
Sustainable Agricultural Water Management in Rural Mali Focusing on Land and
Soil Characterization of Potential Agricultural Investment Zones in Bougouni and
Koutiala (20 p.). Report.

121
Revista Verde | Petrolina, PE, BR | vol. 01 | n. 05 | Marc¢o, 2024

ISSN: 2764-9024



RV) Revista Verde

Revista verde Green Journ al
ISSN: 2764-9024 DOI: 10.5281/zen0do.10818691

UNOWAS (2018). Pastoralism and Security in West Africa and the Sahel towards Peace-
ful Coexistence (90 p.).
https://unowas.unmissions.org/sites/default/files/rapport_pastoralisme eng-april 2019 -
_online.pdf

USAID (2017). Climate Change Risk Profile West Africa Sahel (10 p.). April.

Walter, F. L., Habitamu, T., Balehegn, M., Nzengya, D., Debela, N., Abayineh, A., Mwo-
rozi, E., Osei, S., Ayal, Y. D., Nagy, J. G., 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, 1-34. https://doi.org/10.1016/5.1jdrr.2020.101738

WMO (2021). WMO Atlas of Mortality and Economic Losses from Weather, Climate
and Water Extremes (Issue 1267) (90 p.).
https://library.wmo.int/index.php?lvl=notice display&id=21930

122
Revista Verde | Petrolina, PE, BR | vol. 01 | n. 05 | Marc¢o, 2024

ISSN: 2764-9024


https://library.wmo.int/index.php?lvl=notice_display&id=21930

