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INTRODUCTION

Theclimateischaracterized by astabletendency
over along period of weather characteristics specific
toagivengeographica environment. But thisstabilityis
very often disturb by various causes (very often natu-
ral), involving asustai nable modification which one
names: climatic change. Indeed, the climate over the
land dready underwent severd cyclic modificationsand
other evol utionsduring geol ogical agesasmany paeo-
climatological studiesattestit. Theclimatechangeisa
phenomenonwhich occursinaworldwhich aready is
severely proneto serious problemsof disparity interms
of development. Changesintheclimatesystemandland
cover haveimportant consequences on regiona and
global water resources management and onthe agri-
cultural production™3. However, thedistribution of im-
pactsislikely to beinherently unequa andtilted against
many of theworld’s poorest regions, which have the
least economic, ingtitutional, scientific, and technical
capacity to cope and adapt. As pointed by the Inter-
governmenta Panel on Climate Change (IPCC), Af-
ricaasawholeishighly vulnerableto dimatechange™®
because of widespread poverty and consequentia lim-
ited adaptation and coping capabilities. Africa’s vari-
ableclimateisalready contribut-ing significantly to its
development problems, becausethe key devel opment
sector of agricultureisparticularly sendtiveto climate

variability. Ontheother hand, an estimated 70% of the
popul ations of sub-Saharan Africanssurvivethrough
agriculture (which representsthe principal economic
activity); therr livelihoodsdepend fundamentally onrain,
and may fail when the precipitationsfail®®9.

Rainfdl inthe Sahd ischaracterized by itsseasond
pattern, asmost rainfal (quantity wise) typicaly occurs
from July to September®13, Asin all arid and semi-
aridregions, rainfal ishighly variablein both spaceand
time, and drought isacommon feature of theregion.
Theserecurrent droughtsare usually attributed to the
variability (scarcity) of rainfal inthisregion, whilethe
influence of other climate parametersisignoredin sev-
era studiesover thiszone. Itiswell accepted that rain-
fall hasrecovered agood patterninthe Sahel sincethe
middleof 1990s; with cumulativeannual rainfdl being
abovethelong-term mean. Thiswasaccompanied by
anincreaseinvegetationin somearess, in part dueto
rainfdl increases™. Similarly, rainfal hasincreased pro-
gressively sincethelate 1990sin the Sahel, but this
increased portion islessimportant compared to the
variation of mainriversflow intheregion®. Neverthe-
less, theagriculturd productionisstill under threst (per-
sistence of food insecurity) despite of therecognized
increasing trend of rainfal pattern over the Sahd. This
may bedueto thefact that the Sahdlian climateisinflu-
enced by many complex, interacting processes, and it
islikely that land surface conditionsand other climate
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factors such astemperature play somerolein mediat-
ing rainfall and drought conditions, eveniif they cannot
explain the onset and longevity of drought(“?2,

Itisfound through severa studies, threemainis-
suesrelated to environmentd and dimatestressesaong
with human management of resourcesarenoticeablein
BurkinaFaso: thefirstissueistheimpact of climate
extremes (heavy rainfal and flooding, drought, storms)
and variability (changesinrainfal seasonsand year-to-
year variadility inrainfal and temperature). The second
istheaspect of river management. Thethird issuere-
latesto accessto land and water for pasture and agri-
culture. All theseaspectslead to searching for themeans
to ensurefood security which isunder seriousthrest as
climatechanges.

Inthe past, people (especidly rura population) ex-
posed to climate variability have adapted their liveli-
hoodsto fluctuating natural resources?. Adaptations
based onlivelihood diversification, loca knowledgeand
socia networksare ableto increasetheresilienceto
climateimpacts. However, the most vulnerabl e, often
the poorest and most marginalized, commonly remain
vulnerable?. Thus, inthiscontext of climate changes
and their futureimpactsin acountry as BurkinaFaso,
wheretheproductivity of thearablelands still remains
very low and facing also achronicfoodinsecurity, lead
usto addressthe problemif thetypesof agricultureare
not considered in the near future. Also, another handi-
capishow to reducethevulnerability vis-a-visthecli-
meate changes, and adaptation measuresinorder to sup-
port the socio-economic devel opment of the country.
Hence, it isimportant to find theleading factorstolow
production yield despite of theincreasingrainfall pat-
tern. Itisfor thispurposethat this paper aimsto help
decision makersand stakehol dersto take good deci-
sonthrough (a) identify themaost Sgnificant diméaticfac-
torsdetermining the agriculturd yieldsof themain ce-
real speculationsin BurkinaFaso (b) find themost de-
pendent specul ations on climate parametersto avoid
therecurring food insecurity and findly (c) identify the
most vulnerable geographica areasfor cerea produc-
tionsdueto climaticfactors.

Two hypothesesare made aswell astwo indica-
torsfor testing and checking them.

- cered productionyiddin BurkinaFasoiscontrasted
by the drought
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- precipitation and temperature strongly contribute
to the improvement of the cereal production in
BurkinaFaso.

The next section briefly describesthe study area
withitsfull characteristicsand thedata (hydrologica
and cered production) usedinthisstudy. Section 3 pro-
videsasummary of themethodol ogy used to attainthe
above objectives. Section 4 presents and discussesthe
resultsobtained fromtheandysis. Findly, thelast sec-
tion concludesthe study with somesuggestionsfor the
next futurework.

METHODOLOGY

Sudy area

BurkinaFasoislocatedinWest Africabetween 13°
north latitudeand 2° west longitude. It lies between the
Saharadesert and the Guinea Gulf, south of theloop of
theNiger river (Figure1). According tothenationd in-
stitute of statisticsand demography, the popul ation of
Burkina Faso is estimated as 17275115 habitants in
2012, and 77.3% of thispopulationisfromrural areas
whereliving conditionsarehard dueto theextreme pov-
erty: leve of poverty 46.794%3. Thispoverty isincreased
by theclimate variability and changes, making thecoun-
try under recurrent food insecurity Situation.

Climaticand pedologic characteristics

Theclimate of BurkinaFasoisatropica typewith
soudano-sahelian predominance, characterized by a-
ternation between a short season of rainsand along
dry season. The continentality of the country and its
position not far from the Saharapredisposeitsclimate
toastrong diurnal and annual variability. Threemain
climatic zonesarefound: the sahelianzoneinthenorth
part with an annual cumulativerainfal lower than 600
mm, the northern soudanian zonein the center with an
annuad cumulativerainfal ranging between 600and 900
mm and the southern soudanian zonein the south with
anannua cumulativerainfal higher than 900 mm, with
arany season of dmost 4 months. But thisrainfall pat-
ternissubjected to astrong spatia and temporal vari-
ability with adownward trend which changestowards
anincreasing patternin themiddle of 1990s. Thecli-
matic characterigticsof thesethreezonesareillustrated
iINTABLE 1.
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Figurel: Location map of BurkinaFaso

Thevduesof thepotentia evapotranspiration (ETP)
remain very high throughout theyear. The spacedistri-
bution of theETPisuneven. It decreasesof morethan
2260 mm/year inthenorth (Sahdian zone) to lessthan
1800 mm in the south-west part of the country
(soudanian zone). Throughout thewhol e country and
over theentireyear, low va uesof rdaivehumidity vary
between November and February, while high values
are observed during May and September with apeak
inAugust. Broadly therelative humidity of theair re-
mainshigher than 10% and lower than 95% during the

year. Regarding thevauesof sunlight, they arehigh over
the year ranging between 6h and 10h per day except
for Gaouaand Bobo Dioulasso wherethey arelower
than 6h during August. Theduration of thesunlight var-
iesirregularly intimeand space.
BurkinaFasoischaracterized by apedol ogicd het-
erogeneity dueto thelong geomorphologica evolution
andthediversity of thegeological cover. The studies
carried out in 1955 to now denote 9 classes of soils(as
indicated in TABLE 2) according to the commission of

pedol ogy and soil mapping.

TABLE 1: Characteristicsof climatezonesin Burkina Faso

Climate Parameters

Climate zones

South soudanian North soudanian Sahelian

Annual rainfal (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
Mean humidity of air (%) Dry Season 2 23 20

Rainy season 85 75 70
Annual Evaporation :bac class A (mm) 1800-2000 2600-2900 3200-3500
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Agro-climatic zones

Theagricultural sector dominatesthe economy of
BurkinaFaso; it represents approximately 40% of the
Grossdomestic product (GDP) and contributesfor 60%
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of total exports. Accordingto FAO, agriculture covers
on average 10% of the country area and less of the
third of the cultivablelands. Food crops occupy 88%
of land surface with abroad predominance of sorghum

TABLE 2: Characteristicsof soil typesin Burkina Faso

Soil types Per<(:;)1;[age Constraints Potential characteristics
Minera soils 3 Agronomic interest: weak to none Areaof pasture

Coarse texture, availability out of Some faciesrich in Caand Mg, areaof terrace

Heavy at the wet state, hard at the Good water holding capacity, rich in minerals

are appropriate for sorghum, millet, cotton and
rice production

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

Rather good mineral richness
Leguminous cereal plant and arboriculture
production

Production of millet, leguminous plant and
arboriculture

Production of cereals after improvement

Not very advanced soils 26 less water, low in organic matter cultivation

Vertisol 6 dry state, overdrawn state out of
NPK
Worst physical properties, low

Humiclso soils availability of water, low NPK
content

Brunified soils 6 possible hydromorphy

Soils with manganese Massive structure in duration,

; O 39 "

and iron sesquioxides low content of nutritive elements

Ferralitic soils 2 Less water reserve

Sodic Soils or salsodic 5 Masgve structure, tendency to be
akaline

Hydromorphic soils 13 hydromorphy

Production of sorghum and rice (rainy season)
and dry season

and millet (81%); while 12% of landsarereserved for
thecropsof high income primarily made up of cotton
asawhole. It isnoted that the agriculturein Burkina
Fasoisgtill remainsan agriculture of subs stence.
According totheagro-climatic char acteristics, the
country issubdivided, intofive (5) agricultural zonesin
accordance with the administration management:
Sahelian zone, Centrezone, North zone, East zoneand
West zone (Figure 2). The Sahelian zoneisthedriest
areaof thecountry, but itisacattle-breeding area. Mil-
letisthe principa culturewhile sorghum occupiesthe
second place. For the second and third zones, annual
rainfal variesfrom 600mminthenorthto 900mminthe
south. Thefarming systemintheseareasiscered base
asintheeast zone. Sorghum and millet occupy thefirst
place (80% land surface). The East zoneisregarded as
aproducing areaof cereals. Thefarming systemsare
marked by preval ence of sorghum and millet inrota-
tions. For thelast zone, therainfall isbetween 900mm
and 1100mm. Thisistheareawhich hasthe best agri-
culturd potentid: maizeistheprincipa food cropinthis
zone, whilerainy seasonriceisa sodeveloped. It should
benoted that, themost cered cropscultivated aremaize,

millet and sorghumin the country.
Data presentation

For the purpose of this study, climate and agricul-
tural dataset are used. The decadal climate dataspan-
ning from 1981-2010 cover thefiveagro-climatic zones
and are obtained from the National Office of Meteo-
rology (Burkina Faso). These climate variables are
mainly rainfal, temperature (maximum, mean and mini-
mum), number of daysof rainfal and thelength of rainy
Season.

Regarding the agricultura data, they include: pro-
duction area, type of cropsand productionyield. They
span over the period 1984-2009 and are provided by
theNational Officeof Agricultural Statistics(Burkina
Faso). Itisnoted that, even though the historical agri-
cultural dataset does not have atemporal coverage
reaching that of theclimate data, no gapsare observed
intherecordsat the decada scaefor the study period.

Also, someindicators are used to check the hy-
pothesisinitially made. These includeindicators of
drought description (amount of precipitation ; climate
type; evolution of rainfal pattern ; temperature ; evapo-
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Figure2: Agro-climatic zonesof Burkina Faso

transpiraion ; sunlight) and the indicators describing the
cered productionyield (leve of production, areaof pro-
duction, typeof production, productionyield per crop).

Methods

Regarding the purpose of thisstudy which conssts
to understand theimpact of climate variableson the
cered productionyield, somesmplestatistical meth-
odsareused. Theseincludethe Bartlett test of spheric-
ity, principa component anayss(PCA) andtheBravas-
Pearson correlation coefficient. The Bartlett test?? is
based ontheKhi2 test and alowsknowingif variables
(both climate and agriculturd) are perfectly correlated
prior applying PCA. Itisused to test the null hypoth-
ess(H,: correlationmatrix isanidentity matrix) istested
under asignificancelevel of 5% usingthe correlation
matrix. After being surethat the determinant of the cor-
relation matrix isnot zero and different from 1, then
PCA isapplied. One morereason for using the Bartlett
test isto take account of outliersas PCA isbadly af-
fected by outliers. PCA isafactorid methodwhichams
to compute the most meaningful basisto re-expressa

noisy, garbled dataset. It involvescomputing theeigen
vectorsand eigen values of the variance-covariance
matrix or correlation matrix asthefirst sep. Itischosen
for thisstudy dueto thefact it isthemost widely used
multivariate statistical method in the atmospheric sci-
ences and especially dueto its simplicity (Saporta,
2006). It gives completeinformation about the gener-
ated results such aseigen val ues, correlations of the
variableswith thefactoria axes, contributionsof vari-
ablestoaxesaswdl| asthat of individuals, andsoon. In
thisstudy, 2 quantitative variablesareused for the PCA.
Thefirst variablehas6 moddlities(preci pitations, maxi-
mum, mean and minimum temperature, number of days

TABLE 3: Resultsfrom Bartlett test on agro-climatevari-
ables

Bartlett test of sphericity:

Khi? (observed value) 180.831
Khi? (critical value) 50.998
Degree of freedom 36
p-value (unilateral) < 0.0001
Alpha 0.05
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of rainfal and length of rainy season), whilethe second
relativeto cered production has 3 modalities (produc-
tionyield of sorghum, maizeand millet). Thecorrela-
tion coefficients obtained from the PCA andysisare
that of Pearson. The PCA isagpplied separately on each
climatevariableagaing thethree productionyield data
set. Theoutputsareandyzed, beforerunning again PCA
for dl climate and production variablestogether. This
splitting processaimsto understand theweight (influ-
ence) of each climatevariableindividualy onagiven
production variablewithout the presence of itsother
neighbor climatevariable. The PCA iscarried out using
both the XLSTAT application and TANAGRA soft-
warelt?,

For each agro-climatic area, the different correla-
tion matricesareandyzedtofindthelinear relationship
between variadbles. Thisadsoindudesana yzing thecon-
tribution of variablesto different factorial axesaswell
astherdationship between variablesand factorid axes.

Indeed, the rational e behind thistechniqueisto
check the effect of each climate variable (taking indi-
vidually and group wise) on cereal production param-
etersand themost affected agricultura variable.

Theabsolutevauesof variablescoordinates, biplots
of variablesonfactoria axesaswell asthecorrelation
matrix arethenal andyzedfor both cases(individualy
and groupwise). Then, theclimatevariablehaving the
most effect (significant correation) ischecked includ-
ing itsprobableleading reason.

Influential factors on the sahelian agricultural production yield under a changing climate
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RESULTSAND DISCUSSION

The results obtained from the Bartlett test (see
TABLE 3) show that the hypothesi sof significant cor-
relation between variablesisaccepted at asignificance
level of 5%. Therefore, thereisasignificant correlation
between thetwo groups of variableswhich alowscar-
rying out aPCA analysisbased on thetested data.

Thecorreationanaysisiscarried out based onthe
fiveagro-climatic areas over the country. It coversthe
parametersof rainfal, temperature, number of days of
rainfal, length of rainy season, productionyieldsof sor-
ghum, maizeand millet. For theagro-dimaticareanamed
Centre Zone, ahigh significant correlation (morethan
0.5) isfound between temperatures (mean and minimum)
and the production yields of sorghum and millet com-
pared to that of maize (0.4). All productionyieldsare
lesscorre ated to precipitation aswell asmaximumtem-
perature (see TABLE 4). Thiscan bejustified duetothe
fact that somecropsinthe Sehel aremore dependent on
temperaturethanrainfal for their growing.

Regarding theWest Zone, the correlation between
agro-climate variables, it hasthe more pronounced cor-
relation between productionyieldsand other variables
reaching morethan 60%. Indeed, the same pattern of
dependenceisfoundfor theNorth and East zoneswhere
the correl ation between cerea production yieldsand
climatevariablesared so Sgnificant especialy withmean
temperature. However, aparticularity isobserved re-

TABLE 4: Corréation matrix of variablesfor thecentrezone

VARIABLES
PCP MaxTemp. MinTemp. Mean Temp. Number Daysof 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
g;{gb;r i 0406  -0.345 0116 0416 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 zonewherethetemperatureisusudly
high. Infact, arelative significant correlation (50%) is
observed (see TABLEDS5). Thisismainly duetothenon

dependence of crops growing on high temperature
(r=6% with maximum temperature), but they required
aminimum too mean temperature which are constant

Snoivonmental Science
A Jndian W



ESAIJ, 9(5) 2014

Somé Yélézouomin Stéphane Corentin

for havingagoodyield.

Observing the histogramsof eigen values (Figure
3) betweenvariablesfor theentire5 agro-climatic zones,
itisfoundthat thefirst two axisrepresent around 80%
of theinertia(information) and thisisinaccordancewith
Kayser and Catell criteria. Therefore, these correla-
tionsarehighly representative.

Theandysisof theresultsof thisstudy revea sthe
impact of climate parameterson theyield of various
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cereal speculationsand aso showsthat themost sig-
nificant parameter on which must be centered al adap-
tation measures of agriculture againg climate change
could bethetemperature. The most important climate
parameter playingagreet rolein cered productionyield
inthispart of West Africaisfoundtotemperature (es-
pecialy mean temperature and minimum temperature).
Thus, thisstudy confirm thework of Parry et al [ who
found that cereal crops (specifically Sorghum) depend

TABLES5: Correlation matrix of variablesfor Sahel zone

VARIABLES
PCP MaxTemp. MinTemp. Mean Temp. Number Daysof 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
g;;gb;r i 0778  -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 0513 -0.009 0.057

greatly on climatevariablesespecialy mean tempera-
tureinthe Sahel. Thisassertion asolinesup with the
work of Ferrari cited by Siband®, who described the
ecologicd requirementsof millet and sorghumin Senegd:
needsof high temperaturesfor germination and growth,
great tolerancetowards soil dryness, but sensitiveto
excesswater. However, each speciesor variety ischar-
acterized by itsrequirementsin temperatureduring its
variousgrowing phases. These needsaretrand ated by
the concept of quantity of useful heat (called degree-
days). Moreover, the optimum temperaturefor the de-
velopment and growth of plantsisaround 30°C. The
increasein temperaturewill result in areduction of the
duration of the devel opmentd stagesand total duration
of thecycle. Inaddition, themoreresistant popul ariza-
tion of cereal s speciesand better adapted to climatic
conditionsisanother option to be considered. Scarcity
of therains

Indeed, itisnoticedin generd that theminima and
mean temperaturesinfluenced positively theyields of
millet, sorghumand maize. But for the Sahel zone, maxi-
mum temperaturesshow awesk correlationwhich could
beapotentia danger to cereal productioninthiszone

duetothefact that maximumtemperaturesoftenreach
40°C during the rainy season period in this zone. Nev-
ertheless, thisrise of thetemperaturewill bebeneficia
for the South and West zones. Concerning precipita-
tions, the correlations show their relativeimportance
for cered yidd dthoughtheirimportanceinthecdorific
stageof ceredsislesssgnificant. Their sgnificant pro-
longed reductionin someagriculturd zoneslikethe Sahdl
and North could very quickly become amajor con-
gtraint. Therefore, theanalysisof dl relationsbetween
climatevariablesand productionyield parametersshow
that the Sahel zoneisthemost vulnerablegeographica
arefor cerea production. Thisisduetothehightem-
perature observed (as stated above) which isnot fa
vorableto cropsand thelack of aminimum quantity of
rainfall required for cereal cropsgrow. Thisresultisin
accordance with thethorough study™ onthemost vul-
nerable provinces of Burkina Faso (for comparison
purpose with other countries) under climate change.
They argued that the Sahel regioninBurkinaFasois
the most exposed area to climate changes dueto its
increasing temperature, rainfall scarcity andtheland use.

Theseresultsfound abovelineswiththe perception
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of rural peopleinthese agro-climatic zones. Thisper-
ceptionisconfirmed by Ouédraogo et al.*, whofound
through enquiriesthat the perception of theclimateis
related to the agro-climatic zone according to rural
peoplein BurkinaFaso. Also, they found that 76% of
peopleinterviewed relate the decreasein production
yiddtothedecreasing trend of precipitation. However,
this concept of rural people (regarding precipitation
pattern) isnot really true dueto theincreasing trend
observed for West African precipitationsespecialy in
the Sahel. Inthe sameline, 23%, 45.6% and 28.2% of
rural people (respectively for the West, Centre and
Sahe zones) thought that productionyieldisnot realy
so related to precipitations asmost of peoplearepre-

Influential factors on the sahelian agricultural production yield under a changing climate
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tending®. Therefore, it isobvioudy interesting that ru-
ral people perception of the climate hasto betaking
into account whilededing with the Sahel rainy agricul-
tura production. Thisleadsto conciliatethescientific
predictionsand traditional perception of rainy season
intermsof productionyieldsand climate parameters.

CONCLUSION

In thiswork, we used simple and easy methods
such asBartlett test of sphericity, PCA. These meth-
ods especially the correlation of Pearson iseasy to
understand and apply. These approaches are fre-
guently used by researchers and expertsin order to
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Figure3: Histogramsof Eigen valuesfor the 5 agr o-climatic zones

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

Thispaper highlighted theeffectsof climatechanges
through dimatevariablesregarding the agriculturd pro-
duction. Indeed, sincethe few decadesit isobserved:
anincreased trend of themeantemperatureaswell asa
dightincreasetrend of rainfal intime. Despitethislast
raising, the productionyiedisnot changing positively.
Thisstudy showsthelimit of rainfall compared to tem-
peraturein productionyield for somecropsin Burkina
Faso accordingto itsagro-climatic zones. Thesesmple
methodsenabl ed obtaining significant resultsshowinga
clear correlation between the cered yield and tempera-
ture, which makesit asthemost significant climatefac-
tor determining theagricultura yiedsof themain cered
gpeculationsin BurkinaFaso under acontext of climate
change.

Therefore, it isjudiciousto carry out someprojec-
tionsof production yieldsfor these cereal cropsbased
onthelPCCresultsof projected climate variablesover
West Africa. Hence, the next stepsof thisstudy consst
to develop amodd enabling to simulatetheimpact of
each climate parameter (aswell ascombined climate
variables) ontheproductionyieldinthe Sahe for each
crop. Thus, thismode can provideaprediction guide
for food security over BurkinaFaso aswell theentire
West Africa
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