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SPATIO-TEMPORAL ANALYSIS OF CLIMATE VARIABILITY
AND ADAPTATION STRATEGIES OF SMALLHOLDER
FARMERS FOR SUSTAINABLE FOOD PRODUCTION IN THE
SAHEL REGION OF AFRICA
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Abstract

Rain-fed agriculture, which is the main form of smallholder crop farming in the Sahel
region of Africa, has increased output uncertainty as a result of the rising variability of
rainfall and temperature. The agricultural sector employs more than 60% of the active
population, thus the ability of agricultural systems to satisfy and sustain production
demands for food, income, and jobs for the fast-expanding population is becoming
challenged by the variability in climate. The study analyzed rainfall and temperature
variability and smallholder farmers’ adaptation strategies for sustained crop
production in the Sahel. The study explored the climate change Knowledge portal
developed by the World Bank Group to assess metadata on mean annual precipitation
and temperature for 30 years of four countries in the Sahel (Senegal, Burkina Faso,
Niger, and Chad) as well as NASA GIOVANNI website developed by the United
States of America to assess data on precipitation rate daily, volumetric soil moisture
and soil skin temperature. A mean temperature increases between 0.70°C to 1.20°C
with varying mean precipitation over the 30 years is reported. linear regression
Analysis of precipitation rate daily and soil moisture volumetric daily showed a
positive relationship with R=0.681, whereas, the Skin temperature of the soil and
volumetric soil moisture showed a negative relationship of R=-0.333. Precipitation has
a total annual amount of between 100-150mm in the north with little patches of around
250-400mm in the south with about 3-5mm per day in the Sahel. The Adaptation
strategies for crop production include the use of improved crop varieties, change of

planting date, diversification of crops, and soil fertility management among others.

KEYWORDS: Precipitation, Temperature, Climate Variability, Adaptation strategies,

Smallholder farmers
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ANALYSE SPATIO-TEMPORELLE DE LA VARIABILITE DU CLIMAT ET
STRATEGIES D'ADAPTATION DES PETITS AGRICULTEURS POUR UNE
PRODUCTION ALIMENTAIRE DURABLE DANS LA REGION DU SAHEL

EN AFRIQUE

Résumé en francais

L'étude a analysé la variabilité des précipitations et des températures et les stratégies
d'adaptation des petits exploitants agricoles pour une production agricole durable au
Sahel. L'étude a exploré le portail de connaissances sur le changement climatique
développé par le Groupe de la Banque mondiale pour évaluer les métadonnées sur les
précipitations et les températures annuelles moyennes pendant 30 ans de quatre pays
du Sahel (Sénégal, Burkina Faso, Niger et Tchad) ainsi que le site Web GIOVANNI de
la NASA développé par les Etats-Unis d'Amérique pour évaluer les données sur le
taux de précipitation quotidien, I'humidité volumétrique du sol et la température
cutanée du sol. Une température moyenne augmente entre 0.70°C et 1.20°C avec des
précipitations moyennes variables au cours des 30 années. Régression linéaire
L'analyse du taux de précipitations quotidien et de 'humidité volumétrique du sol
quotidiennement a montré une relation positive avec R = 0,681, tandis que la
température cutanée du sol et 'humidité volumétrique du sol ont montré une relation
négative de R = -0,333. Les précipitations ont une quantité annuelle totale comprise
entre 100 et 150 mm dans le nord avec de petites plaques d'environ 250 a 400 mm dans
le sud avec environ 3 a 5 mm par jour au Sahel. Les stratégies d'adaptation pour la
production agricole comprennent l'utilisation de variétés de cultures améliorées, le
changement de date de plantation, la diversification des cultures et la gestion de la

fertilité des sols, entre autres.

MOTS CLES: Précipitations, température, variabilité climatique, stratégies

d'adaptation, petits exploitants agricoles

Intfroduction

The Sahel represents the southern part of the Sahara Desert extending more than
7000km? from Cape Verde through Senegal, Mauritania, Mali, Burkina Faso, Niger,
Nigeria, and Chad. Agriculture employs more than 60% of the employees from the
active population and on average up to 40% Gross Domestic Product (GDP) in sub-
Saharan Africa (A. Day et al., 2019 in C. Gornott ef al., 2022, p.2).

During the protracted scorching dry season, ranchers traveled south over the Sahel
region of Africa for generations. They were often welcomed by farmers since their
animals replenish fertile croplands. But this symbiosis is disintegrating, instead, violent
communal conflicts result in the death of thousands each year in Burkina Faso, Chad,

Mali, Mauritania, Niger, and Nigeria. These fatal overlapping conflicts are spiraling
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out of control and consuming people’s lives (World Economic Forum, 2019 in C.
Gornott et al., 2022, p.12). In the Sahel, variation in total annual rainfall can be up to 30
to 40 percent. Available meteorological records show that the unpredictability of rains
is a common feature. The United Nations estimates that roughly 80% of the Sahel
farmland is degraded. Temperatures are rising 1.5 times faster than the global average.
As a result, droughts and floods are growing longer and more frequently undermining
food production (UN, 2020, p.9).

C. Gornott et al. (2022, p.4) asserted that both water resources and agricultural harvests
are affected by rising temperatures, these developments are especially concerning in an
area where people’s livelihood and resilience are so reliant on natural resources. In
total, Africa loses between 17 to 28 percent of its agricultural output due to climate
change and variability compared to 3 to 16 percent globally. This will further
jeopardize the region’s security and incite more conflicts. Although the Sahel is heavily
susceptible to climate change, different regions will see varying effects. The Sahel will
gradually get hotter, and some places may have more variable but greater rainfall. In
this situation, it is anticipated that extreme weather occurrences, such as droughts and
floods, will become more severe. The necessity for adaptation measures to lessen
vulnerabilities and the likelihood of violent confrontations in the area is highlighted by
these developments.

According to S.T. Kandji, et al., (2006, p.11) the Sahel- 10 states and some 300 million
people, is one of the most environmentally vulnerable regions in the world.
Desiccation has had a significant impact on the Sahelian countries, which are among
the world's poorest and have largely dependent economies on agriculture and
livestock. The two reaction options of mitigation and adaptation have received the
majority of attention in efforts to combat climate change. The Kyoto Protocol and the
United Nations Framework Convention on Climate Change (UNFCCC) both make a
strong case for it. Mitigation aims to cut back on greenhouse gas (GHG) emissions to
stop the planet from getting any warmer. On the other side, adaptation seeks to deal
with the issue of climate consequences when they occur.

Rainfall changes are probably more directly related to the natural decadal variations
that caused the severe droughts in the 1970s and 1980s. But rising temperatures will
indeed speed up the rate at which water evaporates, endangering already fragile
ecosystems. Because farming, more especially rainfed crop production, and
pastoralism are economically important, weather patterns and environmental
circumstances have a significant impact on livelihood and food security (A. Crawford,
2015, p.2). The Adaptation strategies for crop production include the use of improved
crop varieties, change of planting date, diversification of crops, and soil fertility
management, soil moisture conservation among others (B. Sarr, et al., 2015, p.427; F.
Phillipo, et al. 2015, pp. 80-82; & S.T. Kandji, et al., 2006, p. 16).
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According to a climate sensitivity analysis of agriculture, two of the three Sahelian
countries, Chad and Niger will almost lose all of their rain-fed agriculture by the year
2100 (Mendelsohn, et al., 2000 in S.T. Kandji, et al., 2006, p. 11). A recent modeling study
in Mali predicts that by 2030, decreased precipitation will result in a 15-19% loss in the
grain harvest, leading to a doubling of food costs (assuming a temperature rise of
between 1 and 2.75 degrees centigrade and no adaptation measures employed). By
2030, the likelihood of hunger in Mali will increase from its current baseline of 34
percent to 64-70 percent of the population as a result of combined effects of lower
productivity on agricultural households and higher costs on the consumer's access to
food (T. Butt, et al, 2003, p. 23).

1. Material and Method

Sahel is the region of Africa between 12°N and 20°N, according to most definitions.
There is only one rainy season per year in this region, and August is the month with
the most precipitation. From the Atlantic coast to the Red Sea, the region includes all or
a portion of the following 12 nations: Mauritania, Senegal, The Gambia, Mali, Burkina
Faso, Niger, Nigeria, Chad, Sudan, Ethiopia, Eritrea, and Djibouti. (P. Heinrigs, 2010,
p-5). According to world bank report of 2021, over 300 million people live in the Sahel
region, with Nigeria having the largest number of residents projected at 206 million.
The Sahel is home to some of the fastest-growing societies in the world with high

population growth rates between 2.6 % and 3.8 % (World Bank, 2021 Pp. 2-3).
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Fig:1 Africa with some Sahelian countries earmarked.
Source: Administrative map of Africa, 2022.
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The study made use of the climate change Knowledge portal developed by the World
Bank Group to assess metadata on mean annual precipitation and temperature for 30
years of four countries in the Sahel (Senegal, Burkina Faso, Niger, and Chad, about 15
meteorological stations in each country) as well as NASA GIOVANNI website
developed by the United States of America to assess metadata on precipitation rate
daily, volumetric soil moisture and soil skin temperature of the Sahel region. It also
used descriptive and inferential statistics. The analyzed variations in temperature and
rainfall as well as the relationship between volumetric soil moisture and soil skin
temperature were done using regression analysis. The data were presented in charts.

The paper also adopted the review method of existing literature on adaptation to
climate variability by smallholder farmers in the Sahel region. Several journals, books,
and presentations in both print and electronic were studied and reviewed for

adaptation strategies in crop production.

2. Results and Discussion

The annual trends with the significance of trend per decade of mean temperature and
rainfall in Senegal showed a general upward trend for temperature with a trend
increase of 0.02°C. Though the increase is not significant (89.69%), the trend is surging
upward over a long period which needs to be checked. In terms of precipitation
(rainfall), the trend from 1990-2020 is on the decline with a value of -0.39mm per
decade and not significant at (43.57%). As indicated in fig. 2.0 below, the interannual
variability of rainfall is pronounced which could impact negatively the rainfed crop

farming system.

Mean-Temperature Annual Trends with Significance of Trend per Precipitation Annual Trends with Significance of Trend per Decade;
Decade; Senegal Senegal

Annual Mean-Temperature Trend 1951-2020 Annual Precipitation Trend 1951-2020 Trend 1971-2020
~ Trend 1971-2020 — Trend 1991-2020 — Trend 1991-2020

Fig. 2.0 Trend of mean temperature and annual precipitation in Senegal.
Source: World bank climate change portal.
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Fig. 2.1 below portrayed the mean temperature and annual precipitation trend in
Burkina Faso. The temperature is on the increasing upward trend with a value of
0.03°C from 1991 to 2020 trend per decade but significant at (99.81%). Over the 30
years, a temperature increase of about 1°C is recorded. This is a clear indication of
global warming that has negative consequences on crops in particular and the
ecosystem in general. The annual rainfall is on a downward trend with a value of -
0.51mm per decade but not significant (37.18%) for the period or trend between 1991-
2020. Interannual variation is very conspicuous that will hurt seasonal rain-fed farming

if not managed properly.

Mean-Temperature Annual Trends with Significance of Trend per Precipitation Annual Trends with Significance of Trend per Decade;
Decade; Burkina Faso Burkina Faso

Annual Mean-Temperature Trend 1951-2020 Annual Precipitation Trend 1951-2020 Trend 1971-2020
— Trend 1971-2020 — Trend 1991-2020 — Trend 1991-2020

Fig. 2.1 Trend of mean temperature and annual precipitation in Burkina Faso.
Source: World bank climate change portal.

The situation is no different in the republic of Niger as the trend of mean
temperature from 1991-2020 revealed a value of 0.05°C and significant at
(99.82%). The general trend is on the upward with an increase of about 1.5°C
over the 30 years. This increase will have a devastating consequence on not only
the rain-fed farming system but lives and livelihoods as well. The rainfall,
though on the increase over the 30 years with a decadal value of 0.50mm is not
significant (54.76%). the rainfall being small annually, the interannual variation
calls for concern in this part of the Sahelian region as presented in Fig. 2.2

below.
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Mean-Temperature Annual Trends with Significance of Trend per ~ Precipitation Annual Trends with Significance of Trend per Decade;
Decade; Niger Niger

Year Year

Annual Mean-Temperature Trend 1951-2020 Annual Precipitation Trend 1951-2020  ~— Trend 1971-2020
- Trend 1971-2020 =~ Trend 1991-2020 — Trend 1991-2020

Fig. 2.2 Trend of mean temperature and annual precipitation in Niger.
Source: World bank climate change portal.
In Figure 2.3, the variability trend with significance per decade of mean temperature

and annual rainfall in Chad is presented. A value of 0.05°C is reported as a decadal
trend and significant at (99.56%). The mean temperature is on the upward trend and
between 1991-2020, about 1.5°C the study revealed to have increased. This is alarming
and little doubt that it is connected with the shrinkage of the lake Chad basin because
of the high evaporation rate. Similarly, the rainfall is on the decline over the 30 years
with a trend value of -2.69mm per decade, though, not significant (65.63%).

Considering the scarce nature of rain, the annual variability is scary.

Mean-Temperature Annual Trends with Significance of Trend per Precipitation Annual Trends with Significance of Trend per Decade;
Decade; Chad Chad

Year Year

Annual Mean-Temperature Trend 1951-2020 Annual Precipitation Trend 1951-2020 Trend 1971-2020
~ Trend 1971-2020 — Trend 1991-2020 = Trend 1991-2020

Fig. 2.3 Trend of mean temperature and annual precipitation in Chad
Source: World bank climate change portal.
Temperature increases above the threshold of 35°C present a clear threat to human

health and crop productivity. Christidis, Mitchell and Slott, (2019). Changes in

precipitation have direct impact on water availability and quality of crop production
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and thus, on food security. The higher evapotranspiration affects water supply and the
amount of surface water available for agriculture (Carleton and Hsiang, 2016; UNHCR,
2022).

Across the Sahel, data available from 2002-2011 revealed a positive regression between
precipitation rate daily and soil moisture volumetric daily with a regression model: Y=
4.95X + 0.864 and a regression value R=0.681, N:6516. The implication here is that with
the decreasing precipitation value, the soil moisture level will deplete and affect crops
negatively. In a similar vein, the soil skin temperature daily and soil moisture volume
daily showed a negative regression value of R=-0.333, and N:6490 for a period between
2012-2015 based on data available as indicated in Fig. 2.4 below. As the soil skin
temperature increases, its soil moisture volume reduces. Thus, the temperature
increase calls for concern to check the rising trend for a hospitable and eco-friendly

Sahelian environment.

2002-07-01 - 2011-10-04 2012-07-03 - 2015-04-09

Regression:y = 4.95x + 0864 R 0681, N: 6516 Regression:y = <0729+ 4],k .33, N 6430

Fig. 2.4 Trend of mean temperature and annual precipitation in Burkina Faso.
Source: GIOVANNI, 2022.
Precipitation has between 100-150mm in the north with little patches of between 250-

400mm in the south with about 3-5mm per day in the Sahelian region. Fig 2.5
Portrayed the gross inadequacy of the precipitation for the rainfed crop farming

requirements.
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Time Averaged Map of Precipiiation Hate daily 0.25 deg. [TRMM TRMN_3B42 _Dally v7] mmiday
over 1998-04-01 01:30Z - 2019-12-31 01:29Z, Region 16.6406W, 12.8828N, 38.2031E, 20.6172N

A 435.9
I3924
348.9
305.4
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218.5
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- Selected date range was 1898-04-01 - 2019-12-31. Title reflects the date range of the granules that went into making this result.

Fig.2.5 Time Average map of Precipitation rate daily over the Sahel of the period 1998-
2019
GIOVANNI, 2022.
There is a data limitation as regards figures 2.4 and 2.5 above. Available data for

regression of precipitation rate daily and soil moisture volume existed from 2002-2011
only, whereas that of soil skin temperature and soil moisture volume was obtainable
for a period between 2012-2015. This is just to buttress the effect of high temperature
and decreased precipitation on soil moisture because of its resultant consequence on

crop production.

3. Adaptation Strategies

In Burkina Faso, the adaptation includes the diversification of crops with emphasis on
fruits and vegetable crops, adopting varieties of different cycles, effective soil moisture
and water conservation techniques, and utilization of Agro-meteorological data in
promoting agricultural technologies. In Chad, the use of hedgerow intercropping,
improved fallow, compost and manure, and industrial crops which are less sensitive to
water stress than cotton is adapted. In the republic of Niger, the adaptation measures
include: changing of planting dates, adoption of heat/pest resistant crop varieties, use
of irrigation and fertilization and development of seasonal forecasts for farmers. In
Senegal, the strategies adapted are the use of efficient irrigation system, the
improvement of crop varieties and pest management, effective soil fertility and use of
inorganic manure, and adoption of genetically modified crop (B. Sarr, et al., 2015, p.
427; F. Phillipo, et al. 2015, Pp. 80-82 & S.T. Kandjj, et al., 2006, Pp. 15-19).

Conclusion

The study revealed a significant decadal upward trend of temperature increase and a
downward trend of annual precipitation that is not significant per decade but with
pronounced interannual variability over the Sahelian region. A mean temperature
increases between 0.70°C to 1.50°C with decreasing precipitation of between -0.40mm
to -2.70mm over the 30 years is reported. linear regression Analysis of precipitation

rate daily and soil moisture volumetric daily showed a positive relationship with
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R=0.681, whereas the Skin temperature of the soil and volumetric soil moisture showed
a negative relationship of R= -0.333. precipitation has between 50-90mm with little
patches of between 250-400mm with about 3-5mm per day in the Sahel. The
Adaptation strategies for crop production include the use of improved crop varieties,
change of planting date, diversification of crops, and soil fertility management among

others.
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