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ABSTRACT

This article analyzes monthly and seasonal spatial trends in drought within Burkina Faso using the Rainfall Anomaly Index (RAI).
Rainfall data from the Burkina National Meteorological Agency (1991-2023) were processed using the R package ‘precinctcon’ and
hydroTSM. Trends were then evaluated using Spearman’s Rho (SR) tests and Inverse Distance Weighting (IDW) interpolation. The
results demonstrated a seasonally differentiated distribution of droughts. While drought dominates the pre-wet season; a distinct
wet phase occurs during the peak rainy months of July and August. In contrast, the post-wet season, exhibits fluctuating wet and
drought periods. RAI values reflect high inter-seasonal variability, showing that rainfall is concentrated into only a few months.
This exposes different regions of Burkina Faso to greater risks of drought. This concentration increases drought risk across various
regions, creating significant challenges for farmers during the shoulder seasons and posing a major threat to food security for Bur-
kina Faso’s rural populations.
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1. Introduction

Climate change is a phenomenon that affects many
aspects of the climate. Among these, we observe an
increase in evaporation (Al-Hasani et al. 2025; Minea
et al. 2025), changes in hydrological regimes (Le6n-
Muifioz et al. 2024; Kour et al. 2016; Wanders et al.
2015) and increased variability in precipitation and
temperatures (Mohammed et al. 2025; Fang et al.
2025; Panday et al. 2025) on a global scale. This situ-
ation has led to an increase in the frequency, severity,
and duration of droughts (Tegegne et al. 2025; Abara
and Budiastuti 2020; Spinoni et al. 2014; Hosseiniza-
deh et al. 2015; Lee and Kim 2013) have highlight-
ed the impact of rising temperatures on increased
evaporation and, consequently, on soil water deficits.
This increase has led to more intense and prolonged
droughts in many regions of the globe, as demon-
strated by studies by Dai (2013) and Mukherjee et al.
(2018).

According to projections, by the end of the centu-
ry, around one-third of the land could be affected by
moderate to severe drought if greenhouse gas emis-
sions are not significantly reduced (Naumann et al.
2018; Cook et al. 2020; IPCC 2021; Zeng et al. 2023).
[t should be noted that several regions of the world
are already affected by this extreme phenomenon.
This dynamic has attracted considerable interest
from several authors, who have undertaken to exam-
ine the issue on a global scale. Indeed, as demonstrat-
ed by several studies (Todaro et al. 2022; Luppichi-
ni et al. 2022), the Mediterranean region is facing a
decrease in summer rainfall combined with rising
temperatures. This combination of factors is leading
to marked soil drying and longer and more intense
droughts (Sousa et al. 2011; Castellanos et al. 2021).

Climate variability, which is reflected in an increase
in extreme weather events (precipitation, tempera-
tures) in West Africa (Yaméogo et al. 2026; Yaméogo
2025a; Yaméogo 2025b; Yaméogo 2024; Sylla et al.
2016; Barry et al. 2018; Mouhamed et al. 2013), Cen-
tral Africa (Ndehedehe et al. 2016b), Southern Africa
(Ngaina and Mutai 2013), and North Africa (Lelieveld
et al. 2016; Ntoumos et al. 2022), causing frequent
droughts throughout Africa. Indeed, in North Africa,
countries such as Morocco, Algeria, and Tunisia are
facing an increase in the frequency, duration, and
severity of droughts (Simsek et al. 2025; Oubaha et
al. 2025; Kheloufi Attou et al. 2025; Bouregaa 2023;
Mohamed et al. 2023). According to the study by Lim
Kam Sian et al. (2023), droughts of varying severity
affected equatorial Africa, southern Africa, and Mad-
agascar during the period 1983-2014. Indeed, the
equatorial region is prone to the highest number of
drought episodes, with longer periods of severe and
extreme drought. East Africa is facing increasingly
prolonged periods of drought. In contrast, south-
ern West Africa and Madagascar are characterized
by low and consistent drought severity across all
categories.

West Africa is affected by droughts that vary in
frequency, duration, and intensity (Noureldeen et al.
2020; Doukoro et al. 2022; Lim Kam Sian et al. 2023;
Attiogbé et al. 2025). Burkina Faso, located in this
region, is also affected by this phenomenon. Yaméo-
go (2025c) highlights the high variability of droughts
in the Mouhoun-Comoé basin. However, a recurrence
of drought was observed between 2010 and 2020,
with adverse consequences for agricultural produc-
tion, livestock farming, and malnutrition (Traore and
Owiyo 2013; Sawadogo 2022). This situation has
prompted many authors to study the droughts that
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Fig. 1 Location of climate zones in Burkina Faso.
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have occurred in Burkina Faso in recent decades.
Studies have been conducted at the Volta Basin scale
in Burkina Faso using several indices, such as the
Standardized Precipitation Index (SPI), the Standard-
ized Runoff Index (SRI), the Standardized Soil Mois-
ture Index (SSI), and the Multivariate Standardized
Drought Index (Ndehedehe et al. 2016a). Fowé et al.
(2023) also analysed droughts in the Nakambe water-
shed using the Standardised Precipitation Index (SPI)
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and the Standardised Precipitation and Evapotran-
spiration Index (SPEI). These previous studies were
only conducted at the local level, i.e. at the watershed
level. The present study aims to complement this pre-
vious work and address these gaps. The study aims to
analyse drought trends in Burkina Faso using the RAL
The main objective of the study is to analyze the spa-
tio-temporal trend of droughts in Burkina Faso over
the period 1991-2023.
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Fig. 2 Monthly precipitation and temperature trends in Burkina Faso over the period 1991-2023.
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Tab. 1 Characteristics of selected stations from 1991 to 2023.

Climate zone
Name station Type of station Latitude Longitude Elevation (m)
of the stations

1 Bobo-Dioulasso synoptic 11.16670 -4.3167

2 Bogande Aw climatological 12.98330 -0.1600 294
3 Boromo Aw synoptic 11.73000 -2.9200 264
4 Dédougou Bsh synoptic 12.47000 -3.4800 299
5 Dori Bsh synoptic 14.03330 -0.0333 276
6 Fada N'Gourma Bsh synoptic 12.06667 0.3500 308
7 Gaoua Aw synoptic 10.33000 -3.1800 292
8 Ouagadougou Bsh synoptic 12.35000 -2.1800 303
9 Ouahigouya Bsh synoptic 13.58000 -2.4300 335
10 | Po Aw synoptic 11.17000 -1.1500 321

Source: ANAMBEF, 2024.

2. Material and method

2.1 Study of area

Burkina Faso is a low-income country located in the
Sahel region with limited natural resources. Its econ-
omy is mainly based on agriculture and mining. The
country is divided into three climatic zones (Fig. 1).
It has a tropical Sudano-Sahelian climate, charac-
terized by two main seasons. The dry season, which
lasts from October to May, is dominated by the har-
mattan, a hot, dry wind from the Sahara. This sea-
son is characterized by low annual rainfall and high
temperatures. The rainy season lasts from June to
September. The monsoon wind dominates during
this period. It is characterized by heavy rainfall and
moderate temperatures. The most important geo-
graphical factors influencing rainfall in Burkina Faso
are: the prevailing winds, such as the Harmattan and
the monsoon, and climatic variations according to lat-
itude (less pronounced in the country), which create
distinct zones, ranging from south to north. This also
promotes rainfall in certain regions of Burkina Faso.
It is vital to understand that the agricultural sector
(sorghum, maize, rice) is key to both tackling hun-
ger and making life better for the people of Burkina
Faso.

Fig. 2 below also shows a decrease in precipita-
tion and temperatures from north to south. This sit-
uation could be explained by the fact that the rainy
season begins in the tropical savanna zone. This situ-
ation has led to heavy rainfall in the tropical savanna
zones, followed by the arid, steppe, and hot zones of

Tab. 2 Comparison of RAI and other drought indices used in West Africa.

Burkina Faso. The arid, desert, and hot zone receives
less precipitation.

2.2 Data

They come from Burkina Faso’s national meteorolog-
ical agency. They concern 10 stations, 90% of which
are synoptic stations and 10% climatological stations
(Tab. 1). The climate variable used is precipitation
over the period 1991-2023.

2.3 Method

2.3.1 Rainfall Anomaly Index
Meteorological drought is a phenomenon character-
ized by a prolonged absence of precipitation (Alwan
et al. 2018). It is defined as an event characterized
by a precipitation deficit compared to the normal or
average recorded over a period of at least 30 years
(Harisuseno 2020). Several indices are used to ana-
lyze meteorological droughts, such as the Rainfall
Anomaly Index (RAI), Deciles Index (DI), Nitzche
Index, Standardized Precipitation Index (SPI), Percent
of Normal Precipitation Index (PNPI), Z-Score, China Z
Index (CZI) (Montaseri et al. 2017; Haied et al. 2017).
The Rainfall Anomaly Index (RAI) is increasingly used
as a drought index, similar to the SPI. Indeed, several
criteria, including robustness, tractability, and trans-
parency, show that this index is valid for analyzing
drought in West Africa (Tab. 2).

Furthermore, the RAI is widely used in several
studies, notably those by Khalil (2022) and Raziei

Standardized Precipitation Index (SPI1) 3.33
Rainfall Anomaly Index (RAI) 1 5 5 3.66 1
Standardized Precipitation Evapotranspiration Index (SPEI) 1 4 1 2.00 3

Source: Quiring 2009; Keyantash and Dracup 2002.
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Tab. 3 Classification of Rainfall Anomaly Index (RAI).

s ()

Tab. 4 RSl values and classification.

Source: Van Rooy 1965; Hansel et al. 2016; Abbas 2024.

(2021), as there is a very strong correlation between
the RAI and the SPI. Several other studies (Tsakiris
et al. 2007; Silva and Azevedo 2020; Biswas and
Karmegam 2023; Sener and Davraz 2024; Waghmare
et al. 2022) have therefore used the RAI to analyse
drought in Brazil and India. This confirms that the RAI
is a robust drought index, as negative RAI values indi-
cate insufficient rainfall and drought-related water
stress (Hansel et al. 2016).

The Rainfall Anomaly Index (RAI), developed by
van Rooy in 1965, was used to illustrate periods of
drought and wetness in the region (Sadiq et al. 2020).
The RAI helps us understand the probability of dry
conditions, including droughts. According to Shibru et
al. (2023), the RAI can be used to assess the level of
drought in a given area.

The RAI involves a ranking process that assigns
magnitudes to positive and negative precipitation
anomalies (Keyantash and Dracup 2002). The RAI is
calculated as described below (Van Rooy 1965; Haris-
useno 2020):

If, P > P anomaly is positive and drought index can

be computed using the following equation:

RAI = +3 (i)

M-P

If, P > P anomaly is negative and droughts index

can be determined using the following equation:

RAI = -3 (i)

X—-P

Where, P = current monthly/yearly rainfall (mm),
P = average precipitation, and M = the historical series’
10 highest monthly/yearly rainfall average (mm),
X = the historical series’ 10 lowest monthly/yearly
rainfall average (mm).

Negative RAI values indicate drought-related water
stress (Hansel et al. 2016). Tab. 3 presents the classifi-
cation of RAI according to Van Rooy 1965.

Seasonality plays a role in the Sahel region of West
Africa (Nicholson 2013). It is therefore important

>3 Extremely humid Very equable <0.19
2t02.99 Very humid Balanced with a distinct wet season 0.20-0.39
1t01.99 Moderately humid Rather seasonal with a short drier season 0.40-0.59
0.5t00.99 Slightly humid Seasonal 0.60-0.79
-0.49t0 0.49 Near normal Characterised by seasons, with a long dry season 0.80-0.99
-0.99to -0.5 Slightly dry Most rain in 3 months or less 1.00-1.19
-1.99to -1 Moderately dry Extreme, almost all rain in 1 to 2 months >1.20
-2.99to -2 Very dry Source: Walsh and Lawler 1981.

<-3 Extremely dry

to understand its spatial footprint over the ten-year
period from 1991 to 2023.

2.3.2 Rainfall Seasonality Index (RSI)

The seasonality index indicates the distribution of pre-
cipitation over the entire seasonal cycle, which is used
to classify different rainfall regimes (Guhathakurta
and Saji 2013; Soren et al. 2025). According to Walsh
and Lawler1981), its mathematical formula is as

follows:
12

1
RSI ==
Pn§1

P
|X“ 12|

With, X, is the of rainfall n month and Pis the annu-
al average of rainfall.

Thus, a high index indicates very irregular rainfall
and increased vulnerability to drought during dry
months. A low index indicates regular rainfall and a
lower risk of seasonal drought. Tab. 4 below gives the
interpretation intervals for the RSI.

2.3.3 Trend analysis methods

Analysing trends in time series data requires an
understanding of normality. This enables the selec-
tion of the most appropriate trend tests to be more
effective. In this study, the Kolmogorov-Smirnov test
was chosen.

¢ Kolmogorov-Smirnov normality test

The Kolmogorov-Smirnov normality test was employ-
ed to ascertain the normality of the data distribution.
The Kolmogorov-Smirnov test statistic is defined as
follows (Sharma and Singh 2010):

i-1 i

D = max[F(X;) - N F(Xp|

With, F is the theoretical cumulative distribution
of measured values, and Xi is the random sample,
i=1,2,..n

The null hypothesis states that the normality of
the data is accepted if the p-value is greater than
0.05. If this is not the case, the alternative hypothesis
is rejected and, consequently, a nonparametric test
must be used to analyze drought trends. The Kolmog-
orov-Smirnov test applied to the RAI data shows that
95% of the data does not follow a normal distribu-
tion over the period 1991-2023, as the p-values are
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<0.0001. Therefore, the use of a non-parametric test
is indicated in this study. The Spearman test (SR) was
chosen because it is as powerful as the Mann-Kendall
test for analyzing trends in time series of climate var-
iables (Sneyers 1990).

e Spearman’s rho (SR) test

SR is a non-parametric rank-order test like the Mann
Kendall test (Yue et al. 2002). It is a powerful non-
parametric test that can be used to determine trends
in climate variables (Machiwal and Jha 2008). It pos-
tulates hypotheses H, defines that there is no trend
in the series, while the alternative hypothesis H;
defines a trend in the series at the chosen significance
level (o) and data increase or decrease (Perera et al.
2020).

Spearman’s rho is used to analyze trends in studies
on droughts in Turkey (Esit et al. 2023; Tugrul and
Hinis 2024; Robleh et al. 2024), in Bangladesh (Kam-
ruzzaman et al 2018a). Spatio-temporal analysis of
climatic variables in the western part of Bangladesh.
This test performed on the basis of time series data
are identically distributed and independent (Perera et
al. 2020). Spearman’s Rho test is used to establish the
correlation between two variables (Vijith and Dodge-
Wan 2021).

[t test was used to measure R and the Standardized
test statistic (Zsg) are obtained by applying the equa-
tion (Jayanta et al. 2020):

6Y D?
n3—n

R=1-

D is the rank of ith observation, I is the chrono-
logical order number, n is the total length of the time
series data, and Zgy, is Student’s t-distribution with
(n-2) degree of freedom (Ahmad et al. 2015).

2.3.4 Inverse Distance Weighting (IDW)

This is a quintessential interpolator that employs the
distance between sampled points to ascertain the val-
ue of points of interest (Ananias et al. 2021; Setianto
and Triandini 2013). The IDW method offers satisfac-
tory accuracy and reasonable calculation time (Malei-
ka 2020). IDW is based on the theory that the value
of an unknown point is more influenced by nearby
points than distant ones (Ly etal. 2011). The IDW for-
mulas are given as equations:

N
Rp = Z WiRi
i=1

Arcmap 10.8 software was used for interpolation.
Fig. 3 below presents a summary of the methodology.

-
d;
W= o

N —-a,
i=1 d i

3.Results

3.1 Seasonal spatial distribution of drought in
Burkina Faso between 1991 and 2023

The presence or absence of water impacts the level of
drought. As a result, seasonality has been determined
according to the pre-rainy season, the rainy season,
and the post-rainy season.

3.1.1 Spatial distribution of RAI during the pre-rainy
season in Burkina Faso from 1991 to 2023
Fig. 4 shows that during the periods from April 1991
to 2023, the areas in northern Burkina Faso were hit
by severe drought, which decreased as one moved
southward, with RAI values ranging from -1.36
to -1.2.

Fig. 4d shows the spatial distribution of RAI val-
ues in the 2011-2023 period for the month of April,

Daily rainfall data
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R package “precintcon”

R package “hydroTSM”
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Fig. 3 Synopsis of the methodology.
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(a)
April 1991-2023

@ Study stations concerned RAI-APRIL

B -280--252 []-1.49--1.55
W -251--230 []-154--131
0 50 100 km [ -2.20--1.04 []-1.30--1.10
L B [ -1.03--1.80 []-1.00--0.82

April 2001-2010

@ Study stations concerned RAI-APRIL
B -272--253 []-1.94--1.75

B -252--234 []-1.74--156
S’ 100 kM I -233--2.14 []-1.55--136
B -213--195 []-135--1.20

(b)
April 1991-2000

@ Study stations concerned RAI-APRIL

B -266--2.40 []-1.49--1.20
W 230--210 []-1.10--0.91
0 50 100 km [ -2.00--1.80 []-0.90--0.62
[ -1.70--1.50 []-0.61--0.33

(d)
April 2011-2023

@ Study stations concerned RAI-APRIL

B 294--270 [-1.93--1.70
B -269--2.44 []-1.69--1.43
0 50 100 km B —243--220 []-142--1.18
[ -2.10--1.94 []-1.17--0.93

Fig. 4 Spatial distribution of RAI values for the month of April between 1991 and 2023 (a), 1991 and 2000 (b), 2001 and 2010 (c),

and 2011 and 2023 (d).

ranging from -2.94 to -0.93. The northern and, to
a lesser extent, central regions of Burkina Faso are
affected by severe drought. This means that there has
still been no rain in April to support agricultural activ-
ity. May seems to be no exception to this rule, but the
intensity of the drought has decreased. Fig. 5 below
shows that the RAI index fluctuates between 1991
and 2023, between 1991 and 2000, between 2001
and 2010, and then between 2011 and 2023. These
indices are lower than those for April. This situation
indicates a decrease in the level of drought across the
entire territory, with the tropical savanna zone being
the least affected.

Fig. 5 shows that the northern region was affect-
ed by drought, while drought conditions were less
severe in the rest of the country. The decade 1991-
2000 (Fig. 5b) also shows that, beyond the north,
a wet period set in across the country and that the
tropical savanna climate zone received rainfall during
this period. However, the situation deteriorated in the
decades 2001-2010 (Fig. 5c¢) and 2011-2023 (Fig. 5d)
with a return of drought to the arid, steppe, and hot

climate zone. Nevertheless, the tropical savanna zone
experienced both slight drought and modest humidity
during the decades 2001-2010 and 2011-2023.

3.1.2 Spatial distribution of RAIl in Burkina Faso
throughout the rainy season from 1991 to 2023

Fig. 6 shows a pronounced wet phase across the entire
country during the month of June.

Fig. 6 shows that the RAI index increased signifi-
cantly in June, indicating an increase in wet conditions.
This contrasts with the RAI levels observed in April
and May, which instead reveal a decrease in humidity
and therefore an increase in drought conditions. Also,
Fig. 6a shows that during the period 1991-2023, a
slight humidity phase affects the tropical zone, savan-
nah, and part of the arid zone, steppe, and hot zone.
Most of the arid zone, desert, and hot zone, as well
as the center of the country (arid zone, steppe, and
hot zone), experience a slight humidity phase. This
situation is confirmed in the decade 1991-2000 (Fig.
6b), with a more pronounced wet phase (RAI varies
between 0.18 and 0.57 compared to -0.02 and 0.42
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N

(a)
May 1991-2023

@ Study stations concerned RAI-MAY

[ -2.80--2.52 []-1.49--1.55
[ -251--230 []-1.54--131
[]-2.20--1.04 []-1.30--1.10
[]-1.03--1.80 []-1.00--0.82

0 50 100 km

(c)
May 20012010

@ Study stations concerned RAI-MAY

B -1.47--130 []-0.71--0.54
[ -1.20--1.10 []-0.53--0.35
0 50 100 km [ -1.10--091 []-0.34--0.16

[J-0.90--0.72 []-0.15--0.025

(b)
May 1991-2000

@ Study stations concerned RAI-MAY
B -119--099 []-0.40--0.21
] -0.98--0.80 []-0.20--0.02
[]-0.79--0.61 [@]-0.01-0.18
[]-060--041 [ 0.19-0.40

0 50

100 km

(d)
May 20112023

@ Study stations concerned RAI-MAY

B -1.55--1.32 []-0.64--0.42
B -1.31--1.10 []-0.41--0.20
[ -1.00--0,90 []-0.10-0.025
[] -0.80--0.65 [ 0.026-0.25

Fig. 5 Spatial distribution of RAI values for the month of May between 1991 and 2023 (a), 1991 and 2000 (b), 2001 and 2010 (c), and 2011 and

2023 (d).

(a)
June 1991-2023

@ Study stations concerned RAI-JUNE

[] -0.034--0.02 [[]0.20-0.25
[]-0.010-0.076 M 0.26 -0.30
[] 0.075-0.130 [ 0.31-0.36
[] 0.130-0.190 g 0.37-0.42

0 50

100 km

(b)
June 1991-2000

@ Study stations concerned RAI-JUNE

[]-0.050-0.02 [l 0.26-0.33
] 0.021-0.10 [ 0.34-0.10
[ 0.110-020 [EO0.11-0.48
[ 0210-0.25 [g§o0.49-0.55

0 50

100 km

Fig. 6 Spatial distribution of RAI values for the month of June between 1991 and 2023 (a), 1991 and 2000 (b).

over the period 1991-2023, (Fig. 6a). However, the
decade 2001-2000 (Fig. 6b) shows a reverse trend.
During this period, the central part of the country
experienced a slight period of drought extending
southward. Only the eastern and southern parts of
the country experienced a slight period of humidity.

This means that the rainy season has not yet set in,
especially in the center of the country, but particu-
larly in the east. This means that June remains high-
ly variable during the decade 2001-2010 (Fig. 6c¢),
leading to a delayed onset of the rainy season in the
center of the country and the onset of rain in the east.
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N

(c)
June 2001-2010

@ Study stations concerned RAI-JUNE

B -0.42--0.30 []0.08-0.20
[ -0.29--020 [J0.21-0.32
[]-0.19--0.05 [ 0.33-0.44
[]-0.04-072 [O0.45-057

0 50

100 km

(d)
June 2011-2023

@ Study stations concerned RAI-JUNE

[]0.18-0.23 W 0.39-0.42
[Jo24-130 [Mo0.43-047
0 50 100 km . 0.31-0.33 . 0.48-0.52
— [ 034-038 [Po0.53-057

Fig. 6 Spatial distribution of RAI values for the month of June between 2001 and 2010 (c), and 2011 and 2023 (d).

(a)
July 19912023

@ Study stations concerned RAI-JULY

[]107-114 [H134-1.40
[J115-120 [141-146
0 50 100 km [ 121-127 [W147-153
[ 128-133 | 154-1.60

(c)
June 2001-2010

@ Study stations concerned RAI-JULY

[]0.86-0.94 B 1.20-1.30
[]o095-103 [H1.31-135
[ 1.04-111 [ 1.36-1.43
p—R W 112-119 [ 144-152

(b)
July 1991-2000

@ Study stations concerned RAI-JULY

[]-1.050-1.02
[ 1.021-1.10
[ 1.110-1.20
[ 1210-125

B 126-133
W 134-1.10
111-148
W 149-1.55

0 50

100 km

(d)
June 2011-2023

@ Study stations concerned RAI-JULY

[]118-1.23 Bi139-1.42
[J124-130 [1.43-147
[ 131-133 [ 148-152
100k B 134-138 [153-157

Fig. 7 Spatial distribution of RAI values for the month of July between 1991 and 2023 (a), 1991 and 2000 (b), 2001 and 2010 (c), and 2011 and

2023 (d).

However, July experiences a wet phase that shows
the clear onset of the rainy season across the country
(Fig. 7).

A wet phase is observed in July across the entire
territory during the ten-year periods (1991-2000,
2001-2010, and 2011-2023) (Fig. 7b-d) and

thirty-year periods (Fig. 7a). This situation changed in
the decade 1991-2000 (Fig. 7b), as the central-east-
ern areas of the country experienced an increase in
humidity. In the decade 2001-2010 (Fig. 7c), most of
the arid, steppe, and hot areas received more rainfall
than the rest of the country. The same was true in the
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Fig. 8 Spatial distribution of RAI values for August between 1991 and 2023 (a), 1991 and 2000 (b), 2001 and 2010 (c), and 2011 and 2023 (d).

N

(a)
September 1991-2023
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(b)
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m
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Fig. 9 Spatial distribution of RAI values for September between 1991 and 2023 (a), 1991 and 2000 (b).

decade 2011-2023 (Fig. 7d), but with a substantial
increase in humidity (very humid phase (maximum
RAI varies between 2.02 and 2.16) compared to the
previous decade, when maximum RAI ranged from
1.43 to 1.52.

The month of August is the period with the highest
rainfall, with maximum RAI values ranging from 1.97
to 2.07 and minimum RAI values ranging from 1.06
to 1.82 over the period 1991-2023. Fig. 8 illustrates
this situation.
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N
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Fig. 9 Spatial distribution of RAI values for September between 2001 and 2010 (c), and 2011 and 2023 (d).
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Fig. 10 Spatial distribution of RAI values for the month of October 1991 and 2023 (a), 1991 and 2000 (b), 2001 and 2010 (c), and 2011 and

2023 (d).

Fig. 8b-d show that wet and very wet phases are
recorded throughout the country in August, but that
these phases vary from one decade to another: 1991-
2000, 2001-2010, and 2011-2023. In fact, in the de-
cade 1991-2000 (Fig. 8b), only the arid, desert, and

hot zone experienced a wet phase, while the rest of
the country experienced a very wet phase (RAI rang-
ing between 1.91 and 2.12). In the decade 2011-2023
(Fig. 8d), the month of August experienced a very wet
increase across the country, except for the extreme
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south, which was in a wet phase. The decade 2011-
2023 was therefore the wettest in the country. This
situation reduced the dry phases during this period.

3.1.3 Spatial distribution of RAl in Burkina Faso
between 1991 and 2023 during the post-rainy season
The post-rainy season covers two months, namely
September and October. Fig. 8 shows that September
is still a wet month, although humidity levels are low-
er. Minimum RAls vary between 0.14 and 0.20, while
maximum RAIs range from 1.54 to 1.40 (Fig. 9). Fig.
9a-c show that September experiences slightly wet
periods. However, the decade 2011-2023 (Fig. 9d)
experiences a wet phase. This reveals a slightly wet
to wet situation.

However, October experiences a period of drought
(Fig.10). Between 1991 and 2023 (Fig. 10a), arid,
desert, and hot areas (Bsh) are affected by moder-
ate to very severe drought. Fig. 10b-d show that this
trend was also observed during the decades 1991-
2000, 2001-2010, and 2011-2023.This situation
shows a shortening of the post-rainy season period,
as this period corresponds to a precipitation deficit,
leading to recurring pockets of drought. The southern
part of the country is less affected, as droughts there
are moderate and mild. This reflects a slightly longer
post-rainy season period in this part of the country.

3.2 Temporal changes and spatial trends in RAI
values from 1991 to 2023 in Burkina Faso

The evolution and spatial trend make it possible to
identify the years in which drought occurred. It is
therefore important to analyze them.

3.2.1 Temporal and variability changes in RAI, RSI
values from 1991 to 2023 in Burkina Faso

Fig. 11 shows the monthly evolution of RAI values
over the period 1991-2023. This evolution fluctuates
both in stations located in the arid, desert, hot climate
zone and in the arid, steppe, hot climate zone and the
tropical, savanna zone.
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Fig. 11 shows three phases (alternating long
ascending and descending phases) at the stations of
Gaoua, Po, Boromo, and Bobo-Dioulasso. In contrast,
the other stations show constant variability, with very
short upward and downward phases throughout the
period 1991-2023. This situation shows that the sta-
tions of Gaoua, Po, Boromo, and Bobo-Dioulasso expe-
rience very wet phases and significant droughts. How-
ever, the other stations experience less pronounced
droughts and wet phases over the period 1991-2023.
Furthermore, the RAI is also associated with season-
al variability in precipitation over the period 1991-
2023 (Fig. 12).

Fig. 12 shows that there are two types of seasonal
precipitation variability: average seasonal variability
and high seasonal variability. Average seasonal vari-
ability is observed at stations located in the AW zone
(RAI ranging from 0.80 to 0.99), while high seasonal
variability is observed in the Bsh and Bwh zones (RAI
ranging from 1.00 to 1.19 for 90% of stations) in Bur-
kina Faso (Fig. 13). The Dori station is an exception,
as its RSI ranges between 1 and = 1.20. It should be
noted that this station covers both the Bsh and Bwh
Zones.

Fig. 13 shows that average seasonal variability,
with RSIs between 0.80 and 0.99, is characterised
by long dry seasons. However, high seasonal vari-
ability is characterised by rainfall of less than three
months (Bwh zone) and less than one or two months
(Sh zone). Thus, both zones (Bsh and Bwh) general-
ly experience high or very high RSI. This inevitably
implies rainfall concentrated over a few months and
long dry periods.

3.2.2 Spatial trends in RAl values from 1991
to 2023 in Burkina Faso
Fig. 14 shows that no trend was observed for the
months of April and May, with the exception of the
Fada station, which experienced an upward trend
over the period 1991-2023.

During the rainy season (June, July and August),
June shows no trend (Fig. 15). This situation reveals

@ RS|_bobo e RS|_fada

=== RS|_bogande e RS|_gaoua
@ RS| _boromo e=== RS|_ouaga
RSI_dori e RS|_ouhigouya

e RS|_dedougou e RSI_po

Fig. 12 Seasonal precipitation evolution in Burkina Faso between 1991 and 2023.
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Fig. 13 Differentiated evolution of RSI between zones Aw (a) and Bsh, Bwh (b) from 1991 to 2023.

that June experienced little rainfall during this peri-
od. In contrast, July and August are marked by heavy
rainfall. However, in August, only the Bsh zone experi-
enced an upward trend, resulting in increased rainfall.
This is consistent with the results of the PCD and PCP

(a)

1991-2023
April

0 50

100 km

Trend

l:> No trend ﬁ Increase & Decrease

indices, which show heavy rainfall in the Bsh zone
compared to the Aw zone.

Fig. 15 also shows that July and August exhib-
it trends. At the Dori, Ouagadougou, Dedougou, and
Boromo stations, an upward trend was observed, with
high significance for the Ouagadougou station and

(b)

1991-2023
May

0 50

100 km

P-value

< 50-90%

Low «{»10-50 % — Medium <110 % — High

Fig. 14 Trend in RAIl values during the rainy preseason over the period 1991-2023.
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Medium «fp1-10 %

Fig. 15 Trend in RAIl values during the rainy season over the period 1991-2023.

low significance for the other stations for the month
of July. For August, the trend is upward at the Dori and
Ouagadougou stations. This confirms the wet trend in
July and August, which are the wettest months in Bur-
kina Faso.

During the post-rainy season, trends are upward in
September and no trend is observed in October. The
upward trends observed in September are moderate
for the Bobo and Gaoua stations, high for the Ouaga-
dougou station, and low for the Dori station (Fig. 16).

3.2.3 Decadal spatial trends in RAl values from 1991
to 2023 in Burkina Faso

Fig. 17 shows that the ten-year trend in RAl is unclear.
Indeed, upward trends were recorded in the decade
1991-2000, particularly at the Ouahigouya and
Dédougou stations in April. In the tropical savannah
zone, a downward trend was observed at the Bobo-Di-
oulasso station over the period 2011-2023. However,
no clear trend was observed in May over the decades
1991-2000, 2001-2010 and 2011-2023.

(a) N

1991-2023
September

Trend

l:> No trend ﬁ Increase @ Decrease

Fig. 16 Spatial trends in monthly RAI values from September to October.

During the rainy season, ten-year trends are also
highly variable over the period 1991-2023. In fact,
there is no clear trend in June, with the exception of
the decade 1991-2000, when an upward trend was
observed at the Boromo station. In July, arid, desert
and hot areas experienced an upward trend in the
decades 1991-2000, 2001-2010 and 2011-2023. In
contrast, a downward trend was observed at the Fada
N’Gourma station during the decade 1991-2000.
Fig. 18 summarises the details of the decadal trends
below.

For the post-rainy season, an upward trend was
observed during the decades 1991-2000 and 2001-
2010 at the Po, Bobo-Dioulasso and Ouahigouya sta-
tions, with a significant p-value ranging from low to
medium (Fig. 19). However, during October, no clear
trend was observed, except for the period 1991-2000,
when a downward trend was observed, with an aver-
age p-value significance.

The analysis of drought in Burkina Faso, conducted
using the RAJ, revealed numerous absence of signifi-
cant regular trends during the period concerned, as

(b) N

1991-2023
October

P-value

<P 50-90%

Low <{>10-50%

Medium + 1-10 % High
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Fig. 17 Ten-year trend in RAI values during the pre-rainy season.
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Fig. 18 Trend decadal in RAI values during the rainy season (June—July).
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illustrated by the results of the Spearman test pre-
sented in Fig. 17, 18 and 19. This result reflects the
highly variable nature of the Sahelian rainfall regime,
particularly in Burkina Faso, which is characterised
by high interannual variability and pronounced sen-
sitivity to fluctuations in the West African monsoon.
Indeed, rainfall in Burkina Faso is highly dependent
on the position and intensity of the Intertropical Con-
vergence Zone (ITCZ). This variability generates sig-
nificant fluctuations in meteorological drought over
time. Thus, the absence of a monotonic trend does not
reflect stable rainfall conditions, but highlights the
high variability of IWR in the country.
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1991-2000

(h)
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[ 50 100k
Trend —
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Fig. 18 Trend decadal in RAI values during the rainy season (June—July).
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Fig. 19 Ten-year trend in RAI values over the post-rainy season period.

4, Discussion

4.1 Distribution and evolution of drought
in Burkina Faso and Africa

Drought is a meteorological phenomenon character-
ised by an abnormal lack of precipitation. It causes
difficulties in the supply of water (Abdela et al. 2023).
Various analytical methodologies are employed to
evaluate the complexity of this phenomenon. Drought
indices, as defined by Katipoglu et al. (2022), are
useful indicators of arid conditions. The parameters
used to calculate these indices allow meteorological,
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hydrological and climatic events to be interpreted
(Patra 2020; Robleh et al. 2024). The RAI (Rainfall
Index) is a meteorological index used to detect mete-
orological droughts.

Analysis of drought in Burkina Faso using the RAI
index reveals that the pre- and post-wet seasons are
the most affected periods. These two periods corre-
spond, respectively, to hot arid and desert climate
zones, as well as hot arid and steppe climate zones.
This has an impact on the occurrence of dry periods
at the beginning and end of the rainy season. Indeed,
as Yaméogo (2024) points out, dry periods have been
observed at the beginning of the rainy season, particu-
larly at the Boromo station. However, at the Gaoua sta-
tion, dry periods decrease at the beginning and end of
the rainy season (Yaméogo 2024). This indicates that
drought levels are higher at the beginning of the rainy
season than at the end. Another study conducted in
the Mouhoun basin, in southwestern Burkina Faso,
confirms our findings. Indeed, Bontogho et al. 2023,
found that droughts were moderate to mild (RAI val-
ues were low or very low), particularly at the Boromo,
Gaoua, and Bobo-Dioulasso stations over the period
1985-2011. The work of Tefera et al. (2025) on Ghana
and Burkina Faso reveals points of convergence. The
authors note that the months of March, April, and May
have negative SPI values, especially in northern Bur-
kina Faso. In the Niger Basin in Nigeria, Okpara and
Tarhule (2015) also note an increase in droughts in
April, May, and October over the period 1950-2001.
Conversely, July and August see few negative SPI val-
ues. This shows the spatial dynamics of drought from
month to month and season to season.

The rainy season (June, July, and August) in the
study area also experiences slight drought in June,
especially in the central part of the country. However,
the other two months (July and August) experience a
wet or even very wet phase. Another study conduct-
ed by Yaméogo (2025c) in the Mouhoun-Comoé basin
shows, however, that the wet phases of the rainy sea-
son, i.e., July and August, are accompanied by very wet
periods, with phases of drought during the decades
1994-2004 and 2005-2014. This confirms the very
wet phase during the rainy season (particularly in July
and August).

Tab. 4 Risks posed by water stress to cereal crops in Burkina Faso.

Cereal
produced

Annual
rainfall

Probable critical phase
(high risk if drought)

The study shows that no clear trend was observed
during the pre- and post-rainy seasons. However,
the rainy season as a whole saw an upward trend in
wet phases, revealing a wet phase over the period
2011-2023. This study is confirmed by Yaméogo and
Rouamba (2023), who show that periods of flooding
in Burkina Faso occurred between 2000 and 2020. In
the Niger Basin, variable trends alternating between
wet and dry phases were observed over the period
1970-2008 (Oloruntade et al. 2017). In the south-
ern Niger basin (NSB), a sub-basin of the Niger basin,
variable trends alternating between wet phases and
periods of drought were observed between 1970
and 2008 (Oloruntade et al. 2017). In Niger, Moussa
et al. (2025) also note an alternation of wet and dry
phases, with an upward trend in wet phases over the
period 2001-2022. This reflects high SPI variability
across Niger. Other studies conducted in northern
Nigeria (Dasat et al. 2021), Mali (Sanogo et al. 2023),
and Ghana (Incoom et al. 2020) reveal high variability
in drought indices. Ogunrinde et al. (2025) find that,
in addition to the variability of drought indices, they
show an upward trend over the period 1960-2018.

4.2 The consequences of drought and agriculture

Drought is a climatic phenomenon with major conse-
quences for agriculture, particularly in regions such
as Burkina Faso. The rainfall anomaly index (RAI)
takes into account positive anomalies (marked by
excess water) and negative anomalies (marked by
water stress). As a result, the various crops grown in
Burkina Faso (maize, rice, millet and sorghum) are
subject to both water stress and excess water. This
situation could lead to production problems in differ-
ent climatic zones. However, the lack of agricultural
statistics on yields makes it impossible to assess the
effects of drought on agricultural production. Never-
theless, Tab. 4 below shows that Burkina Faso is fac-
ing both water stress caused by severe water short-
ages and excess water (wet phase), which could affect
cereal cultivation in the country (Tab. 4).

This table shows that the water stress caused by
these anomalies has negative consequences for cere-
al crops in Burkina Faso, a Sahelian country in West

Decade

affected i

Relative risk level (RAI)

Germination/start Start of the rainy season
| tocoomn | s | s, Towes | o oz | Breee )
rainfall is insufficient (especially in October)
roomee | tosvomm | oS owerng ganiing | M (e o e | g1 | Sl emysen
sovannai () | 2001200mm | ST | vensrend of season | ingon el verabit) | 212973 | (epecialy i Ovtober)

Source: Gano et al. (2022); Serme et al. (2018); Shrestha et al. (2023) and the results of the study.
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Tab. 5 The main effects of very wet periods accompanied by
flooding.

Main consequences of Study
Cereals )
flooding/excess water scale

Millet Root stress, seedling rot, loss Miller et al. Burkina
of germination, reduced yield | (2023) Faso
Total | in 33% of flooded
otatlosses in 337 ot floode Miiller et al. Burkina
Sorghum | plots; sorghum among
(2023) Faso
the most affected crops
Root stress, poor aeration, L
. . R Benjamin .
Maize mortality, very likely total Africa
R et al. (2025)
loss or reduced yield.
For rice, uncontrolled N
Rice excess water or prolonged Benjamin
R . . et al. (2025); Africa,
(rainfed/ | submersion causes serious
irrigated) | damage (root asphyxia Atanga and Ghana
& B phyxia, Tankpa (2021)
stress).

Africa. The month of May (pre-rainy season) in the
decade 2011-2023 was moderately dry at the begin-
ning and end of the rainy season in zones Bwh, Bsh
and Aw, which affects cereals, especially during the
germination and ripening periods. Other studies
point to disruption of agricultural activities in Bang-
ladesh (Kamruzzaman et al. 2018b).

The wet and very wet periods, which occur
between July and September, have an impact on cere-
al crops. The study by Yaméogo and Rouamba (2023)
reveals that these periods are marked by flooding
throughout the country, particularly between 2000
and 2020. This situation shows that August and Sep-
tember, considered to be periods at risk of flooding,
are very wet periods. Cereals could therefore be
affected. Several studies on Burkina Faso and Africa
reveal that maize, rice and sorghum crops are affect-
ed by flooding resulting from these very wet periods
(Tab. 5).

5. Conclusion

Drought is an extreme phenomenon that has a det-
rimental effect on agricultural activities. Record-
ing this information is, therefore, an essential part
of managing the agricultural calendar. In Burkina
Faso’s semi-arid climate, it is crucial that the nation-
al authorities are aware of meteorological drought in
order to prepare the agricultural population, 80% of
whom work in rain-fed agriculture, more effectively.
In order to understand the monthly spatial distribu-
tion of drought in Burkina Faso, RAI analysis is a rel-
evant tool. The study reveals a north-south gradient
in the spatial distribution of droughts, both during
the pre-rainy season (April and May) and during the
post-rainy season. It should be noted, however, that
the rainy season, which runs from June to August,
experiences a marked wet period, particularly in July
and August. The BWh and BSh zones are affected by

these very wet phases. In June, a slight wet phase was
observed in the central region of the country, while
a wet phase was recorded in the east. These distur-
bances had a significant impact on the timing of sow-
ing periods during the pre-rainy season in Burkina
Faso. In addition, observations revealed that crops
are exposed to particularly wet weather in July and
August, which could affect their development dur-
ing the growth and ripening phases. This can result
in suboptimal harvests during this season. Sudden
interruptions to rainfall during the post-rainy season,
particularly in October, can lead to significant losses
in agricultural production in regions characterised
by arid, desert and hot climates, as well as in steppe
and arid areas. Consequently, it is imperative that
improved seeds developed by research institutes take
this factor into account to provide seeds adapted to
the new conditions.
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