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Influential factors on the Sahelian agricultural production yield
under a changing climate

INTRODUCTION

The climate is characterized by a stable tendency
over a long period of weather characteristics specific
to a given geographical environment. But this stability is
very often disturb by various causes (very often natu-
ral), involving a sustainable modification which one
names: climatic change. Indeed, the climate over the
land already underwent several cyclic modifications and
other evolutions during geological ages as many paleo-
climatological studies attest it. The climate change is a
phenomenon which occurs in a world which already is
severely prone to serious problems of disparity in terms
of development. Changes in the climate system and land
cover have important consequences on regional and
global water resources management and on the agri-
cultural production[13]. However, the distribution of im-
pacts is likely to be inherently unequal and tilted against
many of the world�s poorest regions, which have the

least economic, institutional, scientific, and technical
capacity to cope and adapt. As pointed by the Inter-
governmental Panel on Climate Change (IPCC), Af-
rica as a whole is highly vulnerable to climate change[7,8]

because of widespread poverty and consequential lim-
ited adaptation and coping capabilities. Africa�s vari-

able climate is already contributing significantly to its

development problems, because the key development
sector of agriculture is particularly sensitive to climate

variability. On the other hand, an estimated 70% of the
populations of sub-Saharan Africans survive through
agriculture (which represents the principal economic
activity); their livelihoods depend fundamentally on rain,
and may fail when the precipitations fail[5,6].

Rainfall in the Sahel is characterized by its seasonal
pattern, as most rainfall (quantity wise) typically occurs
from July to September[10,12]. As in all arid and semi-
arid regions, rainfall is highly variable in both space and
time, and drought is a common feature of the region.
These recurrent droughts are usually attributed to the
variability (scarcity) of rainfall in this region, while the
influence of other climate parameters is ignored in sev-
eral studies over this zone. It is well accepted that rain-
fall has recovered a good pattern in the Sahel since the
middle of 1990s; with cumulative annual rainfall being
above the long-term mean. This was accompanied by
an increase in vegetation in some areas, in part due to
rainfall increases[14]. Similarly, rainfall has increased pro-
gressively since the late 1990s in the Sahel, but this
increased portion is less important compared to the
variation of main rivers flow in the region[9]. Neverthe-
less, the agricultural production is still under threat (per-
sistence of food insecurity) despite of the recognized
increasing trend of rainfall pattern over the Sahel. This
may be due to the fact that the Sahelian climate is influ-
enced by many complex, interacting processes, and it
is likely that land surface conditions and other climate
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factors such as temperature play some role in mediat-
ing rainfall and drought conditions, even if they cannot
explain the onset and longevity of drought[4,22].

It is found through several studies, three main is-
sues related to environmental and climate stresses along
with human management of resources are noticeable in
Burkina Faso: the first issue is the impact of climate
extremes (heavy rainfall and flooding, drought, storms)
and variability (changes in rainfall seasons and year-to-
year variability in rainfall and temperature). The second
is the aspect of river management. The third issue re-
lates to access to land and water for pasture and agri-
culture. All these aspects lead to searching for the means
to ensure food security which is under serious threat as
climate changes.

In the past, people (especially rural population) ex-
posed to climate variability have adapted their liveli-
hoods to fluctuating natural resources[2,11]. Adaptations
based on livelihood diversification, local knowledge and
social networks are able to increase the resilience to
climate impacts. However, the most vulnerable, often
the poorest and most marginalized, commonly remain
vulnerable[3]. Thus, in this context of climate changes
and their future impacts in a country as Burkina Faso,
where the productivity of the arable lands still remains
very low and facing also a chronic food insecurity, lead
us to address the problem if the types of agriculture are
not considered in the near future. Also, another handi-
cap is how to reduce the vulnerability vis-a-vis the cli-
mate changes, and adaptation measures in order to sup-
port the socio-economic development of the country.
Hence, it is important to find the leading factors to low
production yield despite of the increasing rainfall pat-
tern. It is for this purpose that this paper aims to help
decision makers and stakeholders to take good deci-
sion through (a) identify the most significant climatic fac-
tors determining the agricultural yields of the main ce-
real speculations in Burkina Faso (b) find the most de-
pendent speculations on climate parameters to avoid
the recurring food insecurity and finally (c) identify the
most vulnerable geographical areas for cereal produc-
tions due to climatic factors.

Two hypotheses are made as well as two indica-
tors for testing and checking them.
- cereal production yield in Burkina Faso is contrasted

by the drought

- precipitation and temperature strongly contribute
to the improvement of the cereal production in
Burkina Faso.
The next section briefly describes the study area

with its full characteristics and the data (hydrological
and cereal production) used in this study. Section 3 pro-
vides a summary of the methodology used to attain the
above objectives. Section 4 presents and discusses the
results obtained from the analysis. Finally, the last sec-
tion concludes the study with some suggestions for the
next future work.

METHODOLOGY

Study area

Burkina Faso is located in West Africa between 13°

north latitude and 2° west longitude. It lies between the

Sahara desert and the Guinea Gulf, south of the loop of
the Niger river (Figure 1). According to the national in-
stitute of statistics and demography, the population of
Burkina Faso is estimated as 17275115 habitants in
2012, and 77.3% of this population is from rural areas
where living conditions are hard due to the extreme pov-
erty: level of poverty 46.7%[18]. This poverty is increased
by the climate variability and changes, making the coun-
try under recurrent food insecurity situation.

Climatic and pedologic characteristics

The climate of Burkina Faso is a tropical type with
soudano-sahelian predominance, characterized by al-
ternation between a short season of rains and a long
dry season. The continentality of the country and its
position not far from the Sahara predispose its climate
to a strong diurnal and annual variability. Three main
climatic zones are found: the sahelian zone in the north
part with an annual cumulative rainfall lower than 600
mm, the northern soudanian zone in the center with an
annual cumulative rainfall ranging between 600 and 900
mm and the southern soudanian zone in the south with
an annual cumulative rainfall higher than 900 mm, with
a rainy season of almost 4 months. But this rainfall pat-
tern is subjected to a strong spatial and temporal vari-
ability with a downward trend which changes towards
an increasing pattern in the middle of 1990s. The cli-
matic characteristics of these three zones are illustrated
in TABLE 1.
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The values of the potential evapotranspiration (ETP)
remain very high throughout the year. The space distri-
bution of the ETP is uneven. It decreases of more than
2260 mm/year in the north (Sahelian zone) to less than
1800 mm in the south-west part of the country
(soudanian zone). Throughout the whole country and
over the entire year, low values of relative humidity vary
between November and February, while high values
are observed during May and September with a peak
in August. Broadly the relative humidity of the air re-
mains higher than 10% and lower than 95% during the

year. Regarding the values of sunlight, they are high over
the year ranging between 6h and 10h per day except
for Gaoua and Bobo Dioulasso where they are lower
than 6h during August. The duration of the sunlight var-
ies irregularly in time and space.

Burkina Faso is characterized by a pedological het-
erogeneity due to the long geomorphological evolution
and the diversity of the geological cover. The studies
carried out in 1955 to now denote 9 classes of soils (as
indicated in TABLE 2) according to the commission of
pedology and soil mapping.

Figure 1 : Location map of Burkina Faso

TABLE 1 : Characteristics of climate zones in Burkina Faso

Climate zones 
Climate Parameters 

South soudanian North soudanian Sahelian 

Annual rainfall (mm) 900-1200 600-900 300-600 

Length of rainy season (in days) 180-200 150 110 

Number of days of rainfall  (days) 85-100 50-70 <45 

Annual mean temperature  (°C) 27 28 29 

Seasonal amplitude (°C) 5 8 11 

Dry season 25 23 20 
Mean humidity of air (%) 

Rainy season 85 75 70 

Annual Evaporation :bac class A (mm) 1800-2000 2600-2900 3200-3500 
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Agro-climatic zones

The agricultural sector dominates the economy of
Burkina Faso; it represents approximately 40% of the
Gross domestic product (GDP) and contributes for 60%

of total exports. According to FAO, agriculture covers
on average 10% of the country area and less of the
third of the cultivable lands. Food crops occupy 88%
of land surface with a broad predominance of sorghum

Soil types 
Percentage 

(%) 
Constraints Potential characteristics 

Mineral soils 3 Agronomic interest: weak to none Area of pasture 

Not very advanced soils 26 
Coarse texture, availability out of 
less water, low  in organic matter 

Some facies rich in Ca and Mg,  area of terrace 
cultivation 

Vertisol 6 
Heavy at the wet state, hard at the 
dry state, overdrawn state out of 
NPK 

Good water holding capacity, rich in minerals 
are appropriate for sorghum,  millet,  cotton and 
rice production 

HumicIso soils  
Worst physical properties, low 
availability  of water,   low NPK 
content 

Good water holding capacity, is appropriate  for  
cotton and rice production 

Brunified soils 6 possible hydromorphy Rather good mineral richness 
Soils with manganese 
and iron sesquioxides 

39 
Massive structure in duration, 
low content of nutritive elements 

Leguminous cereal plant and arboriculture 
production 

Ferralitic soils 2 Less water reserve 
Production of millet, leguminous plant and 
arboriculture 

Sodic Soils or salsodic 5 
Massive structure, tendency to be 
alkaline 

Production of cereals after improvement 

Hydromorphic soils 13 hydromorphy 
Production of sorghum and rice (rainy season) 
and dry season 

TABLE 2 : Characteristics of soil types in Burkina Faso

and millet (81%); while 12% of lands are reserved for
the crops of high income primarily made up of cotton
as a whole. It is noted that the agriculture in Burkina
Faso is still remains an agriculture of subsistence.

According to the agro-climatic char acteristics, the
country is subdivided, into five (5) agricultural zones in
accordance with the administration management:
Sahelian zone, Centre zone, North zone, East zone and
West zone (Figure 2). The Sahelian zone is the driest
area of the country, but it is a cattle-breeding area. Mil-
let is the principal culture while sorghum occupies the
second place. For the second and third zones, annual
rainfall varies from 600mm in the north to 900mmin the
south. The farming system in these areas is cereal base
as in the east zone. Sorghum and millet occupy the first
place (80% land surface). The East zone is regarded as
a producing area of cereals. The farming systems are
marked by prevalence of sorghum and millet in rota-
tions. For the last zone, the rainfall is between 900mm
and 1100mm. This is the area which has the best agri-
cultural potential: maize is the principal food crop in this
zone, while rainy season rice is also developed. It should
be noted that, the most cereal crops cultivated are maize,

millet and sorghum in the country.

Data presentation

For the purpose of this study, climate and agricul-
tural dataset are used. The decadal climate data span-
ning from 1981-2010 cover the five agro-climatic zones
and are obtained from the National Office of Meteo-
rology (Burkina Faso). These climate variables are
mainly rainfall, temperature (maximum, mean and mini-
mum), number of days of rainfall and the length of rainy
season.

Regarding the agricultural data, they include: pro-
duction area, type of crops and production yield. They
span over the period 1984-2009 and are provided by
the National Office of Agricultural Statistics (Burkina
Faso). It is noted that, even though the historical agri-
cultural dataset does not have a temporal coverage
reaching that of the climate data, no gaps are observed
in the records at the decadal scale for the study period.

Also, some indicators are used to check the hy-
pothesis initially made. These include indicators of
drought description (amount of precipitation ; climate

type; evolution of rainfall pattern ; temperature ; evapo-
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transpiration ; sunlight) and the indicators describing the

cereal production yield (level of production, area of pro-
duction, type of production, production yield per crop).

Methods

Regarding the purpose of this study which consists
to understand the impact of climate variables on the
cereal production yield, some simple statistical meth-
ods are used. These include the Bartlett test of spheric-
ity, principal component analysis (PCA) and the Bravais-
Pearson correlation coefficient. The Bartlett test[21] is
based on the Khi2 test and allows knowing if variables
(both climate and agricultural) are perfectly correlated
prior applying PCA. It is used to test the null hypoth-
esis (H

0
: correlation matrix is an identity matrix) is tested

under a significance level of 5% using the correlation
matrix. After being sure that the determinant of the cor-
relation matrix is not zero and different from 1, then
PCA is applied. One more reason for using the Bartlett
test is to take account of outliers as PCA is badly af-
fected by outliers. PCA is a factorial method which aims
to compute the most meaningful basis to re-express a

noisy, garbled data set. It involves computing the eigen
vectors and eigen values of the variance-covariance
matrix or correlation matrix as the first step. It is chosen
for this study due to the fact it is the most widely used
multivariate statistical method in the atmospheric sci-
ences and especially due to its simplicity (Saporta,
2006). It gives complete information about the gener-
ated results such as eigen values, correlations of the
variables with the factorial axes, contributions of vari-
ables to axes as well as that of individuals, and so on. In
this study, 2 quantitative variables are used for the PCA.
The first variable has 6 modalities (precipitations, maxi-
mum, mean and minimum temperature, number of days

Figure 2 : Agro-climatic zones of Burkina Faso

TABLE 3 : Results from Bartlett test on agro-climate vari-
ables

Bartlett test of sphericity: 

Khi² (observed value) 180.831 

Khi² (critical value) 50.998 

Degree of freedom 36 

p-value (unilateral) < 0.0001 

Alpha 0.05 
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of rainfall and length of rainy season), while the second
relative to cereal production has 3 modalities (produc-
tion yield of sorghum, maize and millet). The correla-
tion coefficients obtained from the PCA analysis are
that of Pearson. The PCA is applied separately on each
climate variable against the three production yield data
set. The outputs are analyzed, before running again PCA
for all climate and production variables together. This
splitting process aims to understand the weight (influ-
ence) of each climate variable individually on a given
production variable without the presence of its other
neighbor climate variable. The PCA is carried out using
both the XLSTAT application and TANAGRA soft-
ware[17].

For each agro-climatic area, the different correla-
tion matrices are analyzed to find the linear relationship
between variables. This also includes analyzing the con-
tribution of variables to different factorial axes as well
as the relationship between variables and factorial axes.

Indeed, the rationale behind this technique is to
check the effect of each climate variable (taking indi-
vidually and group wise) on cereal production param-
eters and the most affected agricultural variable.

The absolute values of variables coordinates, biplots
of variables on factorial axes as well as the correlation
matrix are then all analyzed for both cases (individually
and group wise). Then, the climate variable having the
most effect (significant correlation) is checked includ-
ing its probable leading reason.

RESULTS AND DISCUSSION

The results obtained from the Bartlett test (see
TABLE 3) show that the hypothesis of significant cor-
relation between variables is accepted at a significance
level of 5%. Therefore, there is a significant correlation
between the two groups of variables which allows car-
rying out a PCA analysis based on the tested data.

The correlation analysis is carried out based on the
five agro-climatic areas over the country. It covers the
parameters of rainfall, temperature, number of days of
rainfall, length of rainy season, production yields of sor-
ghum, maize and millet. For the agro-climatic area named
Centre Zone, a high significant correlation (more than
0.5) is found between temperatures (mean and minimum)
and the production yields of sorghum and millet com-
pared to that of maize (0.4). All production yields are
less correlated to precipitation as well as maximum tem-
perature (see TABLE 4). This can be justified due to the
fact that some crops in the Sahel are more dependent on
temperature than rainfall for their growing.

Regarding the West Zone, the correlation between
agro-climate variables, it has the more pronounced cor-
relation between production yields and other variables
reaching more than 60%. Indeed, the same pattern of
dependence is found for the North and East zones where
the correlation between cereal production yields and
climate variables are also significant especially with mean
temperature. However, a particularity is observed re-

TABLE 4 : Correlation matrix of variables for the centre zone

VARIABLES 

 PCP Max Temp. Min Temp. Mean Temp. Number Days of Rain Rainyseasonlength 

PCP 1 -0.166 0.067 0.077 0.406 0.389 

Max Temp. -0.166 1 0.704 0.789 -0.345 -0.001 

Min Temp. 0.067 0.704 1 0.874 -0.116 -0.100 

MeanTemp. 0.077 0.789 0.874 1 -0.416 0.032 
Number 
Days of rain 

0.406 -0.345 -0.116 -0.416 1 0.126 

Rainyseasonlength 0.389 -0.001 -0.100 0.032 0.126 1 

Millet yield 0.335 0.322 0.561 0.596 -0.028 0.056 

Maizeyield 0.284 0.315 0.395 0.415 0.137 0.005 

Sorghumyield 0.259 0.367 0.569 0.607 -0.043 0.053 

garding the Sahel zone where the temperature is usually
high. In fact, a relative significant correlation (50%) is
observed (see TABLE 5). This is mainly due to the non

dependence of crops growing on high temperature
(r=6% with maximum temperature), but they required
a minimum too mean temperature which are constant
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for having a good yield.
Observing the histograms of eigen values (Figure

3) between variables for the entire 5 agro-climatic zones,
it is found that the first two axis represent around 80%
of the inertia (information) and this is in accordance with
Kayser and Catell criteria. Therefore, these correla-
tions are highly representative.

The analysis of the results of this study reveals the
impact of climate parameters on the yield of various

cereal speculations and also shows that the most sig-
nificant parameter on which must be centered all adap-
tation measures of agriculture against climate change
could be the temperature. The most important climate
parameter playing a great role in cereal production yield
in this part of West Africa is found to temperature (es-
pecially mean temperature and minimum temperature).
Thus, this study confirm the work of Parry et al.[16] who
found that cereal crops (specifically Sorghum) depend

TABLE 5 : Correlation matrix of variables for Sahel zone

VARIABLES 

 PCP Max Temp. Min Temp. Mean Temp. Number Days of rain Rainyseason length 
PCP 1 -0.577 0.221 -0.083 0.778 0.839 
Max Temp. -0.577 1 0.078 0.386 -0.520 -0.499 
Min Temp. 0.221 0.078 1 0.836 0.129 0.341 
MeanTemp. -0.083 0.386 0.836 1 -0.136 0.078 
Number 
Days of rain 

0.778 -0.520 0.129 -0.136 1 0.746 

Rainyseasonlength 0.839 -0.499 0.341 0.078 0.746 1 
Millet yield 0.058 0.006 0.527 0.527 -0.038 0.038 
Maizeyield 0.093 0.014 0.532 0.539 -0.029 0.061 
Sorghumyield 0.102 0.012 0.537 0.513 -0.009 0.057 

greatly on climate variables especially mean tempera-
ture in the Sahel. This assertion also lines up with the
work of Ferrari cited by Siband[20], who described the
ecological requirements of millet and sorghum in Senegal:
needs of high temperatures for germination and growth,
great tolerance towards soil dryness, but sensitive to
excess water. However, each species or variety is char-
acterized by its requirements in temperature during its
various growing phases. These needs are translated by
the concept of quantity of useful heat (called degree-
days). Moreover, the optimum temperature for the de-
velopment and growth of plants is around 30°C. The

increase in temperature will result in a reduction of the
duration of the developmental stages and total duration
of the cycle. In addition, the more resistant populariza-
tion of cereals species and better adapted to climatic
conditions is another option to be considered. Scarcity
of the rains

Indeed, it is noticed in general that the minimal and
mean temperatures influenced positively the yields of
millet, sorghum and maize. But for the Sahel zone, maxi-
mum temperatures show a weak correlation which could
be a potential danger to cereal production in this zone

due to the fact that maximum temperatures often reach
40°C during the rainy season period in this zone. Nev-

ertheless, this rise of the temperature will be beneficial
for the South and West zones. Concerning precipita-
tions, the correlations show their relative importance
for cereal yield although their importance in the calorific
stage of cereals is less significant. Their significant pro-
longed reduction in some agricultural zones like the Sahel
and North could very quickly become a major con-
straint. Therefore, the analysis of all relations between
climate variables and production yield parameters show
that the Sahel zone is the most vulnerable geographical
are for cereal production. This is due to the high tem-
perature observed (as stated above) which is not fa-
vorable to crops and the lack of a minimum quantity of
rainfall required for cereal crops grow. This result is in
accordance with the thorough study[1] on the most vul-
nerable provinces of Burkina Faso (for comparison
purpose with other countries) under climate change.
They argued that the Sahel region in Burkina Faso is
the most exposed area to climate changes due to its
increasing temperature, rainfall scarcity and the land use.

These results found above lines with the perception
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of rural people in these agro-climatic zones. This per-
ception is confirmed by Ouédraogo et al.[15], who found
through enquiries that the perception of the climate is
related to the agro-climatic zone according to rural
people in Burkina Faso. Also, they found that 76% of
people interviewed relate the decrease in production
yield to the decreasing trend of precipitation. However,
this concept of rural people (regarding precipitation
pattern) is not really true due to the increasing trend
observed for West African precipitations especially in
the Sahel. In the same line, 23%, 45.6% and 28.2% of
rural people (respectively for the West, Centre and
Sahel zones) thought that production yield is not really
so related to precipitations as most of people are pre-

tending[15]. Therefore, it is obviously interesting that ru-
ral people perception of the climate has to be taking
into account while dealing with the Sahel rainy agricul-
tural production. This leads to conciliate the scientific
predictions and traditional perception of rainy season
in terms of production yields and climate parameters.

CONCLUSION

In this work, we used simple and easy methods
such as Bartlett test of sphericity, PCA. These meth-
ods especially the correlation of Pearson is easy to
understand and apply. These approaches are fre-
quently used by researchers and experts in order to

Figure 3 : Histograms of Eigen values for the 5 agro-climatic zones

understand the connection between two phenomena
and to facilitate the decision-making in atmospheric
science.

This paper highlighted the effects of climate changes
through climate variables regarding the agricultural pro-
duction. Indeed, since the few decades it is observed:
an increased trend of the mean temperature as well as a
slight increase trend of rainfall in time. Despite this last
raising, the production yield is not changing positively.
This study shows the limit of rainfall compared to tem-
perature in production yield for some crops in Burkina
Faso according to its agro-climatic zones. These simple
methods enabled obtaining significant results showing a
clear correlation between the cereal yield and tempera-
ture, which makes it as the most significant climate fac-
tor determining the agricultural yields of the main cereal
speculations in Burkina Faso under a context of climate
change.

Therefore, it is judicious to carry out some projec-
tions of production yields for these cereal crops based
on the IPCC results of projected climate variables over
West Africa. Hence, the next steps of this study consist
to develop a model enabling to simulate the impact of
each climate parameter (as well as combined climate
variables) on the production yield in the Sahel for each
crop. Thus, this model can provide a prediction guide
for food security over Burkina Faso as well the entire
West Africa.
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