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Introduction: Rainfall regimes across West Africa have undergone substantial
transformations over the past four decades, with profound implications for
rainfed agriculture and food security. However, limited understanding persists on
how rainfall extremes translate into spatially differentiated crop yield responses
across agroclimatic zones.

Methods: This study integrates multi-decadal climate datasets with crop
yield data from the Global Dataset of Historical Yields (GDHY) to assess the
sensitivity of maize, rice, and soybean yields to hydroclimatic extremes across
six agroclimatic zones. A sensitivity analysis using an Ordinary Least Squares
regression framework quantified crop yield responses to key climatic variations
across multi-decadal timescales, agroclimatic zones, and administrative units.
Results: Results reveal marked north—south contrasts in rainfall extremes. In the
Sahelian and Sudanian zones, seasonal rainfallincreased by 5%—25% since the 1990s
and up to 80% in the Northern Sahel by 2024, largely driven by more frequent wet
days and intensified rainfall events. These trends heighten flood and erosion risks
in northern regions. Conversely, the Guinean zones exhibit stagnating or declining
rainfall, coupled with over a 90% increase in consecutive dry days in Central
Guinea, signaling intensifying drought stress. Crop yield responses associated with
these hydroclimatic patterns. Maize yields increased by 40%—50% in the Sahelian,
Sudanian, and parts of the Guinean zones, while rice yields declined by 20%—-50%
in Nigeria's Sudanian and Eastern Guinea regions. Soybean showed localized yield
gains but remained extremely sensitive to rainfall deficits and heat extremes.
Discussion: By linking rainfall variability to spatially explicit yield responses,
this study provides a novel multi-decadal sensitivity framework for evaluating
climate impacts on agriculture in West Africa. The findings highlight the urgent
need for region-specific, climate-smart adaptation strategies, emphasizing
flood and erosion management in the north and drought resilience in the south,
to sustain food production under increasing climatic variability.

KEYWORDS

rainfall variability, crop yield sensitivity, hydroclimatic extremes, agroclimatic zones,
West Africa

1 Introduction

With a rapidly growing population and increasing pressure on land resources, the stability
of West African agriculture is critical not only for regional food security but also for global
sustainable development goals set forth by the Food and Agriculture Organization of the
United Nations (FAO) (FAO, 2021). West Africa is one of the most climate-sensitive regions
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in the world, where livelihoods, food security, and economic stability
are tightly coupled to rainfall variability (Sultan and Gaetani, 20165
Nicholson, 2013). In Sub-Saharan Africa, rainfed agriculture accounts
for approximately 95%-97% of cultivated land, making the region’s
food production highly vulnerable to precipitation variability (Biazin
et al., 2012; Calzadilla et al., 2013).

Over recent decades, the region has experienced complex rainfall
dynamics, first a recovery from the severe droughts of the 1970s-
1980s, and more recently, an increase in the frequency and intensity
of extreme precipitation events (Taylor et al., 2017; Panthou et al,,
2018). These extremes frequently lead to devastating floods, soil
erosion, and crop losses, while rainfall deficits during critical crop
growth stages exacerbate drought stress and reduce yields
(Obahoundje et al., 2025a,b; Parkes et al., 2018a,b). Understanding the
patterns of precipitation extremes and their implications for
agricultural production is therefore essential to anticipate risks, design
adaptation strategies, and ensure food security in the region.

Several studies have assessed precipitation trends and extremes in
West Africa using climate indices such as the total wet-day
Precipitation (PRCPTOT), the number of heavy precipitation days
(R10mm), the number of very Heavy precipitation days (R20mm),
and percentile-based indicators of extreme rainfall intensity (R95P,
R99P). For example, Sanogo et al. (2015) analyzed rainfall extremes
across West Africa and highlighted spatially heterogeneous trends,
with increasing intensity of wet extremes in the Guinea coast and
more frequent dry spells in the Sahel. Panthou et al. (2014)
demonstrated a significant intensification of extreme rainfall in the
Sahel since the 1980s, despite no clear increase in mean annual
rainfall. Similarly, Bichet and Diedhiou (2018a,b) reported that short-
duration intense rainfall events are becoming more common, raising
concerns for agriculture, hydrology, and disaster management.

More recently, Nkrumah et al. (2019) examined daily rainfall
regimes in Southern West Africa (1950-2014) and found that, during
the first rainy season (April-July), coastal regions have experienced
less frequent but more intense rainfall events, while in the second
rainy season (September-November), both the frequency and
intensity of rainfall have increased, particularly in the eastern part of
the region. Together, these studies confirm the growing intensity of
rainfall extremes across spatial and temporal scales in West Africa,
with higher variability across agroclimatic zones.

Despite these advances, many studies rely on relatively
low-intensity thresholds such as RI0mm and R20mm, which do not
adequately represent heavy and very heavy rainfall days, especially in
tropical and coastal zones. These indices tend to underestimate the
extremes most relevant for flood risk and agricultural impacts. In
contrast, higher thresholds such as R50mm and R100mm provide a
more accurate depiction of heavy rainfall and are now widely adopted
by operational climate monitoring centers, including AGRHYMET
(Regional Center for Training and Application in Agrometeorology
and Operational Hydrology), ACMAD (African Centre of
Meteorological Applications for Development), and national
meteorological services. For instance, AGRHYMET’s operational
rainfall briefing (AGRHYMET, 2025) reported significant daily
accumulations of 50-100 mm across Guinea, Cote d’Ivoire, Mali,
Niger, Nigeria, and Chad, thresholds used to identify zones of elevated
hydrological and agricultural risk. Rainfall extremes are major drivers
of crop vyield variability, shaping soil moisture dynamics, plant
physiology, and nutrient availability. Excessive rainfall can induce
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waterlogging, nutrient leaching, and root stress, while prolonged dry
spells limit water supply during critical growth stages, thereby
constraining yields (Rosenzweig et al., 2014; Sultan et al., 2019). The
rising frequency and intensity of extreme rainfall events across tropical
regions have further heightened production risks and yield instability
(Du and Xiong, 2024). Yet, in West Africa, few studies have explicitly
linked such extremes to crop yield responses, with most focusing on
seasonal or annual rainfall totals rather than standardized indices. The
sensitivity of key staple crops, such as maize, rice, and soybean, to
specific precipitation extremes, including heavy rainfall days,
consecutive wet days, and percentile-based indicators, remains poorly
understood. Although previous research has acknowledged the effects
of excessive rainfall and dry spells on crop losses and growth
suppression (Traoré et al, 2011; Diatta et al., 2020), empirical
assessments quantifying yield responses to distinct rainfall extremes
across agroclimatic zones are still limited.

Agroclimatic zonation, which delineates distinct rainfall regimes
and cropping systems from the arid Sahel to the humid Guinea zones,
has been largely overlooked in rainfall-yield analyses across West
Africa. This gap limits understanding of how rainfall extremes, such
as prolonged dry or wet spells, affect crop productivity across diverse
agroclimatic and administrative contexts. Recent studies highlight
pronounced zonal contrasts in rainfall behavior and emphasize the
need for zonal analyses and upscaling approaches to better link
climate extremes to agricultural outcomes (van Bussel et al., 2015;
Mortey et al., 2023). Research on agroclimatic indices and regional
mapping further demonstrates that incorporating zonation is essential
for robust agro-hydrological and yield assessments (Dieng et al.,
2018). Moreover, growing recognition of decadal variability, as distinct
from long-term trends, underscores the importance of multi-decadal,
zone-specific analyses to inform agricultural risk management and
insurance design (Osgood et al, 2024). Studies linking extreme
rainfall and yield shocks in staple crops, such as maize, reaffirm the
necessity of accounting for both climatic extremes and spatial
heterogeneity when assessing crop impacts (Du and Xiong, 2024).

A further limitation in literature is the time horizon of analysis.
While many studies report long-term historical changes or future
projections (Liidecke et al., 2021; Chagnaud et al., 2023), few have
focused on decadal-scale variability in precipitation extremes. Yet this
shorter-term perspective is crucial for detecting near-term shifts that
directly affect farmers, planners, and policymakers (Ekolu et al., 2022;
Tefera et al, 2025). Decadal analyses can reveal whether recent
changes in rainfall patterns represent transient variability or emerging
long-term trends, and how these align with observed variations in
crop yields. However, limited attention has been paid to how rainfall
extremes translate into yield responses across different agroclimatic
zones; this study seeks to address (Awode et al., 2025). Understanding
these linkages is vital for advancing climate-smart agricultural
planning, improving resource allocation, and strengthening resilience
in one of the world’s most climate-vulnerable food systems.

Against this backdrop, the present study aims to fill these gaps by
systematically assessing decadal changes in extreme precipitation
indices across the main agroclimatic zones of West Africa and linking
them to crop yield dynamics for maize, rice, and soybean. This study
advances current knowledge by integrating multi-decadal analyses of
precipitation extremes with spatially explicit yield dynamics to detect
emerging agricultural vulnerability and adaptation hotspots.
Specifically, we (i) evaluate the changes in seven widely used
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TABLE 1 Precipitation extreme indices used in this study.

Acronym ‘ Definition

PRCPTOT Annual total wet-day precipitation (sum of daily
precipitation >1 mm)

RR1 Number of wet days with precipitation >1 mm

SDII Simple Daily Intensity Index (annual total precipitation +
number of wet days)

CWD Maximum number of consecutive wet days

CDD Maximum number of consecutive dry days

R10mm Number of days with precipitation >10 mm

R20mm Number of days with precipitation >20 mm

R50mm Number of days with precipitation >50 mm

R100mm Number of days with precipitation >100 mm

R95P Annual total precipitation from days >95th percentile of
daily precipitation

R99P Annual total precipitation from days >99th percentile of

daily precipitation

precipitation extreme indices (see Table 1 for acronyms and
definitions) by comparing three recent decades (1995-2004, 2005-
2014, and 2015-2024) against a reference period (1985-1994); (ii)
investigate the correlations between these indices and observed crop
yields; and (iii) conduct sensitivity analyses to determine which crops
are most responsive to specific types of precipitation extremes. By
combining multi-decadal climate diagnostics with agroclimatic
zonation, this approach provides a more nuanced understanding of
where and how rainfall extremes most strongly affect agricultural
productivity, offering evidence-based insights for targeted climate
adaptation and food security planning in West Africa.

2 Data and methods
2.1 Study area

The study area encompasses several key agroclimatic zones of West
Africa, each with distinct climatic characteristics and agricultural
practices (see Figure 1). The Northern Sahel (NS), extending from
18°W to 17°E longitude and from 16°N to 19°N latitude, is
characterized by warm arid conditions and experiences significant
variability in rainfall (decreases southward from 100 to 400 mm/year)
peaking from July to September. Moving southward, the Southern
Sahel (SS) extends from 18°W to 17°E longitude and from 13°N to
16°N latitude, characterized by warm semi-arid conditions with
rainfall varying from June to September (increases southward from 200
to 400 mm/year). The Sahelian zone varies in terms of humidity and
better rainfall distribution, allowing for more diverse agricultural
activities. These two regions face challenges due to changing rainfall
patterns, making them critical areas for studying the impacts of
consecutive wet days (CWD).

Further south, the Sudan (SU) region extending from 8°W to
17°E longitude and from 9°N to 13°N latitude, is notable for a trend
toward longer consecutive wet days, which poses risks of flooding and
may disrupt traditional farming practices. Adjacent to the coast are
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the Western Guinea (WG) extending from 18°W to 8°E longitude and
from 4°N to 13°N latitude, Central Guinea (CG) extending from 8°W
to 3°E longitude and from 4°N to 9°N latitude, and Eastern Guinea
(EG) extending from 3°E to 17°E longitude and from 4°N to 9°N
latitude zones, where the climate is more humid and conducive
to agriculture.

In West Africa, temperature variability shows clear gradients
across agroclimatic zones defined by latitude and longitude
(Blunden and Boyer, 2024). The NS is characterized by extreme
heat, with hot-season peaks of 36 °C-42 °C and cooler-season lows
of 15 °C-21 °C. The SS is slightly milder, with mean annual
temperatures typically between 26 °C and 30 °C. In the SU zone,
conditions moderate further, ranging from monthly lows of 18
°C-21 °C to highs of 30 °C-33 °C. The WG zone, under tropical
savanna influence, records highs of 30 °C-33 °C and colder-season
lows near 12 °C. In CG, interior areas experience strong diurnal and
seasonal variation, with means of 24 °C-30 °C, dry-season peaks
up to 38 °C-40 °C, and lows of 11 °C-17 °C. Similarly, EG registers
highs of 30-33 °C and lows between 14 °C and 21 °C, while the
coastal south reaches 32 °C-34 °C, with occasional peaks up to 40
°C but moderated nighttime cooling inland. These spatial contrasts
underscore the strong north-south thermal gradient in the region,
shaping agroecological conditions and water demand.

Soil moisture in West Africa exhibits strong spatial and temporal
variability, largely shaped by the north-south rainfall and temperature
gradients (Jung et al., 2019). In the NS, very low and erratic rainfall
combined with high evaporative demand leads to persistently low soil
moisture, limiting growing season length and constraining crop
production (Nicholson, 2013). The SS receives slightly more rainfall,
yet soil moisture remains highly variable and sensitive to intra-
seasonal dry spells, often causing mid-season water stress for crops.
In the SU zone, wetter conditions support higher soil moisture
retention, although variability is still marked by a pronounced wet and
dry season cycle (Sultan and Gaetani, 2016). Moving southward, the
Guinea zones (4-13°N), including Western, Central, and Eastern
Guinea, experience higher annual rainfall and relatively stable soil
moisture, supporting longer growing seasons and multiple cropping
opportunities (Sylla et al.,, 2016). However, even in these wetter
regions, soil moisture dynamics are influenced by land cover, soil type,
and the timing of rainfall onset and cessation, making localized
variability important for agricultural planning (Taylor et al., 2017).
This gradient highlights how soil water availability strongly governs
agricultural potential, with rainfed farming systems in drier northern
zones being more vulnerable to moisture deficits than those in the
humid south. Since intra-annual variations in rainfall and temperature
significantly influence the timing, type, and location of crop
cultivation, as well as the extent of arable land and overall yields,
understanding these spatial and temporal gradients is crucial for
enhancing the resilience of rainfed agriculture across West African
agroecological zones.

2.2 Data

The precipitation data for this study were obtained from the
Climate Hazards Group InfraRed Precipitation with Stations
(CHIRPS) dataset, which provides high-resolution (0.05°) rainfall
estimates from 1981 to the present (Funk et al., 2015). Unlike the
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FIGURE 1
Spatial distribution of West African agro-climatic zones.

IMERG product, which begins only in 2000 and is therefore less
suitable for multi-decadal trend analysis (Diedhiou et al., 2024),
CHIRPS offers a temporally consistent dataset that fully aligns with
the study period. In addition, CHIRPS applies gauge correction by
blending satellite-derived precipitation estimates with in-situ rain
gauge observations. This feature is particularly important in regions
such as West Africa, where satellite-only products often encounter
challenges due to convective rainfall systems and sparse radar coverage.

CHIRPS is considered one of the most reliable datasets for
hydroclimatic monitoring and agricultural applications, particularly
in areas with limited ground-based observations (Du et al., 2024;
Verdin et al., 2020). Its robustness has been demonstrated in drought
monitoring, famine early warning, and crop modeling. By integrating
long-term historical records with near-real-time updates, CHIRPS
ensures both temporal continuity and spatial accuracy, making it a
suitable choice for analyzing climate variability and agricultural
productivity. Importantly, CHIRPS has shown strong performance in
West Africa, with multiple validation studies confirming its ability to
capture rainfall variability and extremes across diverse hydroclimatic
zones, across scales, and in broader regional evaluations (Mekonnen
et al,, 2023; Obahoundje et al., 2020; Didi et al., 2020).

Temperature data were sourced from the Climate Hazards
InfraRed Temperature with Stations (CHIRTS) dataset, which follows
the development strategy of CHIRPS to provide quasi-global, high-
resolution (0.05°) temperature records (Funk et al., 2019). CHIRTS
integrates satellite-derived infrared data with ground-based
observations, improving accuracy in data-scarce regions and enabling
its application in climate impact studies. In West Africa, validation
studies have shown that CHIRTS performs reliably against station
observations, effectively capturing both mean temperature variability
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and extreme heat events, which makes it particularly useful for
regional climate assessments (Verdin et al., 2020; Parsons et al., 2022).

For crop yield, the study used the Global Dataset of Historical
Yields (GDHY), a harmonized dataset providing gridded yield
information for major crops at a global scale with a spatial resolution
0f 0.5°x 0.5 and annual temporal coverage from 1981 to 2016 (lizumi
and Sakai, 2020). This dataset is widely used in agricultural and
climate impact assessments due to its standardized format and
compatibility with climate datasets. In West Africa, GDHY has been
shown to provide consistent yield estimates when compared with
subnational agricultural statistics, supporting its reliability for crop-
climate impact assessments in data-scarce environments (Lontsi
Saadio et al,, 2022; Lee et al.,, 2025). The combination of CHIRPS,
CHIRTS, and GDHY ensures consistency, spatial detail, and global
coverage, making them highly suitable for integrated assessments of
climate-agriculture interactions.

2.3 Methodology

2.3.1 Extreme rainfall indices analysis

The overall methodological framework of the study, including
data processing, computation of climate indices, and sensitivity
analysis, is illustrated in Figure 2. Extreme rainfall indices, including
PRCPTOT, RR1, SDII, CWD, CDD, R10mm, R20mm, R50mm,
R100mm, R95p, and R99p, were computed following the definitions
of the Expert Team on Climate Change Detection and Indices
(ETCCDI) (Zhang et al., 2011). These indices were derived using daily
precipitation data from the CHIRPS dataset. The indices were
calculated for the full study period and subsequently aggregated to
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FIGURE 2

Methodological framework for assessing crop yield sensitivity to climate extremes.

obtain decadal means. Changes were then assessed relative to the
reference period 1985-1994. Specifically, the anomalies were
computed for the decades 1995-2004, 2005-2014, and 2015-2024,
relative to this baseline.

2.3.2 Crop yield analysis

For crop yield, the GDHY dataset was rescaled to match the
5 km spatial resolution of CHIRPS to ensure consistency across
datasets. Decadal changes in yield were similarly computed. Both
climate indices and yield data were then spatially aggregated at the
second administrative unit (Adm2) level to facilitate regionally
comparable analysis. The association between crop yields and
climate variables was examined across the three decades (1985-
1994, 1995-2004, 2005-2014). These variables included extreme
precipitation indices and extreme temperatures (minimum and
maximum). The correlation between extreme rainfall indices and
crop yields was assessed at the 95% confidence level. Correlation
analysis was used to quantify the strength and direction of these
associational relationships. In addition, a sensitivity analysis was
performed to evaluate how crop yields respond to variability in
climate extremes. This approach helped identify which climatic
factors exert the strongest influence on agricultural productivity at
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the subnational scale. Given that the GDHY crop yield data are
available only for the period 1981-2016, correlations between
extreme rainfall and crop yields were computed over this
overlapping timeframe. Accordingly, the response of crop yields to
extreme rainfall was evaluated for the three decades 1985-1994,
1995-2004, and 2005-2014.

2.3.3 Sensitivity of crop yield to extreme climate
To assess the sensitivity of crop yield to climate extremes, we
applied a multi-method sensitivity analysis framework combining
linear regression, variance decomposition, and machine learning
approaches. Before conducting the sensitivity analysis,
multicollinearity and autocorrelation in the regression models were
carefully checked to ensure reliable results. The analysis focused on
PRCPTOT, SDII, CDD, CWD, Tasmin, and Tasmax. RR1 was
excluded because it was strongly correlated with both PRCPTOT and
SDIL Similarly, extreme rainfall indices RI0mm and R20mm were
correlated with PRCPTOT, while R50mm, R100mm, R95p, and R99p
showed no correlation with crop yield and were therefore left out.
Average temperature (Tmean) was also excluded due to strong
correlations with both minimum and maximum temperatures. Given

that the crop yield data are available only for 1981-2016, the sensitivity
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of crop yields to extreme rainfall was evaluated over these common
1985-1994, 1995-2004 decades.

A sensitivity analysis was conducted to assess the responsiveness
of crop yields to variations in key climatic variables. Following a
regression-based framework widely used in climate-agriculture
impact assessments (Lobell and Burke, 2010; Sultan and Gaetani,
2016), we employed Ordinary Least Squares (OLS) regression to
quantify the linear relationship between crop yields and individual
climate variables (Equation 1). For each administrative unit and study
period, the model was expressed as:

Y=05+pX+e 1)

Where Y represents crop yield, X denotes a climatic predictor
(e.g., precipitation, temperature, ect.), and f, is the sensitivity
coefficient indicating the direction and magnitude of the crop’s
response, and f, indicates the baseline or average yield when the
climatic variable takes a value of zero (after accounting for scaling or
centering). OLS was chosen over machine learning methods such as
random forest (Obahoundje et al., 20252), for its statistical robustness,
interpretability, and suitability for estimating marginal effects while
minimizing residual variance. It is a standard first-order approach in
empirical impact assessments, particularly when data limitations
preclude more complex nonlinear or process-based models
(Schlenker and Roberts, 2009; Lobell and Burke, 2010). The analysis
was done using a custom function that iteratively fitted regressions
for each crop-climate pair after removing missing values and
excluding cases with fewer than three valid observations. Statistically
significant sensitivities (p <0.05) were retained to identify the

10.3389/fclim.2025.1717323

climatic drivers most strongly influencing crop yields across space
and time.

3 Results

3.1 Monthly variability of rainfall and rainfall
extremes

Figures 3, 4 illustrate the intra-annual and monthly variability of
rainfall and extreme rainfall indices across six West African agro-
climatic zones, Northern Sahel (NS), Southern Sahel (SS), Sudan (SU),
Western Guinea (WG), Central Guinea (CG), and Eastern Guinea
(EG), over four decades (1985-1994, 1995-2004, 2005-2014, and
2015-2024), with an additional focus on 2024. A distinct seasonal
pattern is evident across all regions, reflecting the influence of the
West African Monsoon (WAM) and the Intertropical Convergence
Zone (ITCZ).

In the Sahelian zones (NS, SS, SU), a unimodal rainfall regime
dominates, extending from July to September (JAS). The lowest
rainfall totals are recorded in NS, followed by SS, with August
representing the rainfall peak. Rainfall in these zones has
gradually intensified across recent decades, particularly in 2015-
2024 and in 2024, suggesting a strengthening and potential
northward shift of the monsoon system. Correspondingly, extreme
rainfall indices show significant increases in total rainfall
(PRCPTOT), frequency of wet days (RR1), and rainfall intensity
(SDII) during the core monsoon months. The duration of
consecutive wet days (CWD) has lengthened, from approximately
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FIGURE 3

Intra-annual rainfall variability and decadal shifts across agro-climatic zones in West Africa.
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FIGURE 4
Monthly variability of rainfall extreme indices across West African agro-climatic zones (1985-2024).

2.5 to 3 days in NS, 13-18 days in SS, and 27-29 days in SU,
indicating more persistent wet spells. Conversely, consecutive dry
days (CDD) have declined during the rainy season but remain
relatively high in SU during October (6-8 days). The frequency of
heavy rainfall days (R1I0mm) has also increased, particularly in SS
(July-August) and SU (August-September), pointing to stronger
monsoonal extremes.

In the Guinean zones (WG, CG, and EG), the rainfall regime
reflects coastal and ITCZ influences, with both unimodal and bimodal
patterns. WG exhibits a broad unimodal peak from May to September,
showing generally stable rainfall, although a slight decline in 2024
hints at emerging variability. Both CG and EG display bimodal
patterns, with early-season peaks in May-June and late-season peaks
in September-October. In CG, 2024 shows an unusually strong
October peak, while EG records a mid-season decline, suggesting
more frequent intra-seasonal dry spells. Rainfall extremes in these
regions follow similar seasonal structures: PRCPTOT and RR1
increase notably in October in WG and in both March and October
in CG and EG. SDII also rises in March and October, indicating
intensification of early- and late-season rainfall events. CWD increases
in October in CG, while CDD rises during JAS in CG and in August
in EG, highlighting growing rainfall irregularity. Heavy rainfall days
(R10mm) have increased during early and late-season months (March,
June, and October) but declined during mid-season peaks
(July-August).
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Overall, the results reveal progressive intensification and temporal
redistribution of rainfall and rainfall extremes across West Africa.
Increases in PRCPTOT, SDII, R10mm, and CWD, alongside a decline
in CDD, suggest a shift toward shorter, more intense rainfall episodes
and evolving seasonal timing. These patterns enhance short-term
water availability but simultaneously elevate the risks of flooding and
mid-season droughts.

Building upon the analysis of intra-annual and monthly rainfall
variability, it is essential to further examine how these changing
patterns manifest in rainfall extremes. Understanding the spatial and
temporal evolution of extreme rainfall indices provides critical
insights into the frequency, intensity, and persistence of hydrological
events that directly influence soil moisture regimes, crop growth
cycles, and yield outcomes across West Africa’s agro-climatic zones.

3.2 Change in extreme rainfall indices

3.2.1 Spatio-temporal dynamics of rainfall
extremes relevant to agricultural productivity

The spatio-temporal maps (Figure 5) reveal pronounced shifts in
extreme rainfall indices across West Africa from 1995 to 2024 relative
to the 1985-1994 baseline. Both total rainfall (PRCPTOT) and the
frequency of wet days (RR1) have notably increased, by approximately
1% to over 50%, across much of the Northern Sudanian (NS), Sudanian
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Decadal shifts in rainfall extremes over West Africa (1995-2024 vs. 1985-1994). Gray areas indicate regions where changes are not statistically

(SS), and Sub-Humid (SU) zones, reflecting wetter conditions and
more frequent rainfall events. However, localized declines (—1% to
—20%) are observed in parts of the Guinean zones, particularly in WG
(Guinea, northern Liberia, northern Sierra Leone), CG (central-
western Ghana and central-eastern Cote d’Ivoire), and EG (southern
Nigeria), underscoring spatial disparities in rainfall trends. The Simple
Daily Intensity Index (SDII) exhibits a marked decline in the NS and
isolated portions of the Guinean zone during 2015-2024, whereas
notable increases occur in the SS, SU, and localized southern areas of
CG and EG. These rising SDII values in selected regions suggest an
intensification of rainfall events, with implications for flood risk and
runoff generation.

Shifts in the duration of wet and dry spells are also evident across
the study period. The Consecutive Wet Days (CWD) index increased
substantially, by more than 50%, in the Sahelian regions (NS and SS),
indicating longer periods of continuous rainfall and a potential
extension of the growing season. In contrast, this pattern is less
consistent in the Guinean zones. The Consecutive Dry Days (CDD)
index declined significantly (10%-40%) across NS and SS, pointing to

Frontiers in Climate 08

shorter dry spells and enhanced soil moisture persistence in northern
regions. Conversely, CDD increases in parts of CG (southern Ghana
and Cote d’Ivoire) and EG (southern Nigeria) reflect persistent rainfall
variability and the potential for intermittent dry conditions within
otherwise humid zones.

3.2.2 Spatio-temporal dynamics and trends in
heavy and very heavy rainfall extremes

Figure 6 presents the spatio-temporal evolution of six extreme
rainfall indices, four threshold-based (R10mm, R20mm, R50mm,
and R100mm) and two percentile-based (R95p and R99p), across
West Africa during three successive decades (1995-2004, 2005-
2014, and 2015-2024), relative to the 1985-1994 baseline. The
results reveal a pronounced intensification of RI0mm and R20mm,
particularly in the Southern Sahel (SS), encompassing central
Senegal, central Mali, northern Burkina Faso, and eastern and
western Niger, with increases ranging from 40% to over 50%.
Similar upward trends are observed across parts of the Sudanian
zone (including south-eastern Mali, southern Burkina Faso,
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north-western Ghana, southern Niger, north-eastern Benin, and
both north-western and north-eastern Nigeria) and the northern
West Guinean (WG) zone (southern Senegal, Guinea-Bissau, and
northern Guinea), where changes span from 10% to above 50%.
These trends, most pronounced during 2015-2024, suggest a
regional shift toward more frequent moderate and heavy rainfall
events across Sahelian and Guinean environments. However,
localized declines in R10mm and R20mm emerge during the same
period, particularly in the northern Sahel (southern Mauritania and
central Niger, —40% to below —50%) and in parts of the Guinean
zone, including Guinea, Liberia, and Sierra Leone (WG),
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central-western Ghana and central-eastern Cote d’Ivoire (CG), and
southern Nigeria (EG), with reductions between —10% and —30%.

The R50mm index exhibits distinct decadal fluctuations. Declines
exceeding 50% are observed in several areas of the SS, SU, CG (central
Ghana), WG (western Guinea), and EG (eastern Nigeria) during the
1995-2014 period, followed by a marked resurgence (>50%) in coastal
Guinea (WG, CG, EG) and inland regions of the SS and SU during
2015-2024. Similarly, R1I00mm shows substantial increases (>50%)
along the Guinean coast, underscoring a growing concentration of
very heavy rainfall events in already humid zones. These patterns
suggest a spatial redistribution of intense rainfall thresholds, with
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coastal amplification in earlier decades and a northward extension of
heavy rainfall in the most recent decade. Such intensification of
R50mm and R100mm events may exacerbate flooding and erosion
risks, particularly in low-lying agricultural systems and
fragile landscapes.

In contrast, the percentile-based indices (R95p and R99p),
which represent the contribution of extremely wet days to total
rainfall, display more spatially heterogeneous patterns. Moderate
declines (—10% to —20%) occur in parts of the Northern Sahel
(central Mauritania and central Niger), Southern Sahel (central
Senegal), and Sudanian zone (northern Céte d’Ivoire, Ghana, and
Nigeria), as well as in WG (southern Senegal, Guinea-Bissau, and
central Guinea) and EG (central-eastern Nigeria). Conversely,
increases (10%-30%) are recorded in NS (southern Mauritania,
northern Senegal, central Mali, and central-eastern Niger), SS
(southern Mali), WG (central Liberia), CG (central-southern Cote
d’Ivoire and Ghana), and EG (south-eastern Nigeria). These
contrasting responses indicate a redistribution of rainfall extremes,
with
diminishing contributions of the most extreme events (R99p) in

intensification across Sahelian and coastal belts but

parts of central West Africa. Collectively, these findings highlight a
continued intensification and shifting spatial footprint of both
moderate and extreme precipitation thresholds, with implications

10.3389/fclim.2025.1717323

for water management, soil conservation, and agricultural resilience
across the region.

3.2.3 Decadal change in dry and wet spells across
the agro-climatic zone

Figure 7 illustrates the decadal changes in consecutive dry days
(CDD) across West Africa, categorized by spell durations of 2-7, 8-14,
15-21, and more than 21 days, over the periods 1995-2004, 2005-
2014, and 2015-2024, relative to the 1985-1994 baseline. The results
reveal a pronounced increase in short dry spells (2-7 days) across the
northern Sahel (southern Mauritania, central Mali, and central-
western Niger), the Sudanian zone (notably eastern Niger), and parts
of the Sudano-Guinean and West Guinean regions (including
northern Benin, Nigeria, western Guinea-Bissau, Sierra Leone, and
Liberia). Conversely, a decline in short dry spells is observed in central
and southeastern Senegal. These shifts, particularly evident during
2005-2014, signal increasing rainfall instability. While short dry spells
have become more frequent in the Sahelian and Sudanian belts, they
also appear shorter in duration during the most recent decade.

In contrast, moderate dry spells (8-14 days) show a widespread
and consistent decline, especially across the Sahelian and Sudanian
zones. This decrease is most evident during 2015-2024, with
notable reductions in central Mali, eastern Niger, northern Burkina
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Decadal changes in consecutive dry days (CDD) across West Africa by spell duration (1995-2024 vs. 1985-1994). Gray areas indicate regions where
changes are not statistically significant at the 95% confidence level based on the Wilcoxon test.
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Faso, northeastern Nigeria, southern Cote d’Ivoire, and western
Guinea-Bissau. Longer dry spells (15-21 days and >21 days) display
limited or no significant changes across most of the region, except
for minor variations (£1%) in parts of the Sudanian zone. These
evolving trends indicate intensifying rainfall variability and an
emerging tendency toward more erratic and prolonged drought
episodes, posing critical risks to rainfed agriculture, water
resources, and food security. The results emphasize the need for
targeted, locally informed adaptation strategies to strengthen
resilience to shifting dry spell dynamics.

The analysis of consecutive wet days (CWD) for varying wet spell
durations (2-7, 8-14, 15-21, and >21 days) relative to the 1985-1994
baseline (Supplementary Figure S1) reveals a distinct rise in short wet
spells (2-7 days) across much of the Sahel and Sudanian zones. This
trend suggests a transition toward more frequent but shorter rainfall
events, which may enhance rainfall intensity but reduce soil moisture
retention, with mixed implications for crop productivity. Moderate

10.3389/fclim.2025.1717323

wet spells (8-14 days) display heterogeneous spatial patterns, with
substantial declines across Mauritania, Mali, Niger, Burkina Faso, and
Cote d’'Ivoire during 2015-2024. In contrast, longer wet spells
(15-21 days and >21 days) show minimal changes, except for localized
increases in parts of the Sudano-Sahelian belt, which may exacerbate
flood risks. Collectively, these findings highlight intensifying short-
duration rainfall events and increasing spatial variability in wet spell
dynamics, reinforcing the importance of adaptive water management
and climate-resilient agricultural planning across West Africa.

3.2.4 Regional mean changes in extreme rainfall
indices

The mean decadal changes in extreme rainfall indices across the
agroclimatic regions of West Africa are presented in Figure 8.
Comparative analysis between the reference decade (1985-1994) and
recent decades (1995-2024) reveals a substantial intensification of
precipitation extremes, particularly in the northern Sahel (NS) and
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Decadal trends and regional variations in extreme rainfall indices across agro climatic zones in West Africa (1995-2024 vs. 1985-1994).

Frontiers in Climate

11

frontiersin.org



https://doi.org/10.3389/fclim.2025.1717323
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org

Obahoundje et al.

southern Sahel (SS). Total seasonal precipitation (PRCPTOT)
increased markedly by 19%-25% in NS and 7-21% in SS, driven by
notable rises in the number of wet days (RRI1: 12%-17% in NS;
1%-4% in SS) and rainfall intensity (SDIL: 5-7% in NS; 4%-17% in
SS), alongside reductions in consecutive dry days (CDD: —2% to
—22% in NS; —30% to —35% in SS). Although events exceeding
10 mm or 20 mm (R10mm, R20mm) remain relatively rare in the
Sahel, variability in consecutive wet days (CWD), very wet days
(R95P), and extremely wet days (R99P) has increased across both
Sahelian belts, indicating heightened rainfall irregularity.

In the Sudanian (SU) zone, PRCPTOT rose by 5%-10%,
accompanied by higher SDII (2%-7%) and notable increases in
R10mm (5%-32%) and R95P (3%-8%), though RR1, CWD, and CDD
trends remain spatially variable. The West Guinean (WG) zone
exhibited modest gains in PRCPTOT (1.3%-1.7%) with heightened
variability across most rainfall indices, while Central Guinea (CG)
displayed greater interdecadal fluctuations in PRCPTOT. In contrast,
the Eastern Guinean (EG) zone recorded an overall decline in rainfall,
reflected in decreases across nearly all indices.

By 2024, an exceptional surge in PRCPTOT was observed in NS
(80%), SS (50%), SU (17%), and WG (2%), contrasting with declines
in CG (—4%) and EG (—4%). Rainfall intensity and frequency rose
sharply in NS (SDII +20%, RR1 +50%) and SS (SDII +40%, RR1
+10%), coupled with a marked reduction in dry spell duration (CDD
—50%). Extreme precipitation events became particularly pronounced
in SS, where R10mm and R20mm increased by 200 and 750%,
respectively, and R95P and R99P rose by 40 and 50%. The SU zone
also experienced a notable intensification of extremes (R20mm
+750%, R95P +21%, R99P +25%), though accompanied by declines
in CWD (—40%) and CDD (—22%). WG displayed modest increases
across most indices, except for decreases in R10mm (—3%) and CDD
(=30%). Conversely, CG recorded widespread reductions in
PRCPTOT (—4%) and most extreme rainfall indices, along with a
sharp increase in dry spell duration (CDD >90%), while EG exhibited
consistent declines across metrics except for a 5% increase in RO9P
and a slight rise in RR1 (2%).

3.3 Decadal patterns of yield responses to
climate variability and extremes

Crop yield responses across West Africa exhibit strong spatial
and temporal contrasts over recent decades (Supplementary Figure 52).
Maize yields increased markedly in both major and second growing
seasons, with widespread gains exceeding 40%-50% across the
Guinean, Sudanian, and southern Sahel zones. The improvements
were particularly pronounced during 2005-2014, likely reflecting
advances in agronomic management and input adoption. Soybean,
though less extensively cultivated, also recorded substantial yield
gains, especially in Nigeria, despite localized declines in other
regions. In contrast, rice displayed a more heterogeneous pattern:
while moderate yield increases occurred in portions of the Sudano-
Sahelian, western Sudanian, and Coastal Guinea zones, sharp
declines of up to 50% were recorded in both major and minor seasons
in Nigeria, underscoring the crop’s sensitivity to climatic and
agronomic stressors. Overall, the results reveal distinct crop- and
zone-specific trajectories, with maize and soybean exhibiting
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sustained improvements, whereas rice remains particularly
vulnerable to hydroclimatic variability.

3.3.1 Correlation analysis between rainfall
extremes and crop yields

Correlation maps (Figure 9) reveal pronounced spatial and
temporal heterogeneity in the relationships between crop yields
(maize, rice, and soybean) and extreme rainfall indices across West
Africa. For maize, both major and second seasons display generally
positive correlations with precipitation-based indices (PRCPTOT,
R10mm, and R20mm), particularly in the Guinean and Sudanian
zones, suggesting that increased rainfall enhances maize productivity.
However, negative correlations emerge in parts of the Sahel, indicating
potential sensitivity to excessive rainfall or prolonged wet spells that
may induce waterlogging. Correlations with temperature indices
(Tasmin and Tasmax) are predominantly negative, emphasizing the
crops vulnerability to heat stress, especially in northern Nigeria,
Burkina Faso, and Mali.

For rice, correlation patterns are more complex and spatially
variable. During the major season, strong positive correlations with
precipitation indices are observed across the western Sudanian and
coastal zones (southern Mali, Cote d’Ivoire, Ghana, and Benin),
reflecting the crop’s dependence on adequate water availability.
Conversely, negative correlations in Nigeria suggest adverse impacts
from extreme rainfall or poor drainage, leading to flood-related yield
losses. Temperature indices, particularly extreme maximum
temperature, exhibit strong negative correlations across both growing
seasons, underscoring rice’s sensitivity to thermal stress. Soybean,
cultivated primarily in Nigeria during the major season, shows
moderately positive correlations with rainfall indices but consistently
negative associations with temperature extremes, indicating that heat
stress remains a limiting factor despite the crop’s relatively smaller
spatial footprint.

Collectively, these results demonstrate that yield-climate
relationships are highly crop, season, and zone-specific. Rainfall
variability exerts both beneficial and adverse effects depending on
intensity and duration, while temperature extremes consistently
constrain yields. These findings highlight the dual challenge of
managing water and heat stress in sustaining crop productivity under
a warming and increasingly variable climate across West Africa.

3.3.2 Sensitivity analysis of crop yields to rainfall
extremes

The sensitivity analysis (Figure 10) reveals distinct spatial and
seasonal variations in how climatic factors influence crop yields across
West Africa. To minimize the effects of multicollinearity, the
predictors RR1, R95P, R99P, and Tmean were excluded before the
assessment. Maize, particularly during the major growing season,
exhibits strong positive sensitivity to total precipitation (PRCPTOT)
and rainfall intensity (SDII), but negative sensitivity to consecutive dry
days (CDD) and temperature indices (Tasmin and Tasmax) across the
Sahel and Sudanian zones. These patterns indicate that maize
production in these regions is particularly vulnerable to heat stress
and rainfall variability, both of which contribute to yield instability.

In contrast, second-season maize and rice show greater positive
sensitivity to PRCPTOT, SDIJ, and consecutive wet days (CWD),
particularly in Central and Eastern Guinea. These relationships
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suggest potential yield gains under conditions of moderate rainfall
enhancement, provided that waterlogging and flood risks remain
limited. Soybean, though spatially restricted in its cultivation,
demonstrates significant yield declines in central Nigeria, highlighting
its heightened vulnerability to climatic stressors. The analysis also
indicates that crop yields exhibit limited sensitivity to extreme rainfall
thresholds (R10mm, R20mm, R50mm, and R100mm) (see
Supplementary Figure 53), suggesting that overall yield responses are
driven more by total rainfall and wet-dry spell dynamics than by
discrete extreme events.
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Overall, the findings suggest that the northern agroclimatic zones
(Sahel and Sudanian) and parts of western Guinea are more susceptible
to climate-induced yield reductions, especially for major-season crops.
By contrast, the southern zones (Central and Eastern Guinea) may offer
more favorable conditions under future climate scenarios, particularly
during the second season. These results underscore the importance of
region-specific adaptation strategies, such as revising planting calendars,
promoting drought and heat-tolerant varieties, and expanding second-
season cultivation in suitable zones, to strengthen the resilience of West
African cropping systems to evolving climatic extremes.
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4 Discussion
4.1 Rainfall extremes in West Africa

The decadal analysis of extreme rainfall indices and crop yield
responses across West Africa reveals a pronounced north-south
contrast, reflecting evolving monsoon dynamics, increases in
PRCPTOT, RR1, and SDII, coupled with declines in CDD, point to
wetter conditions and intensifying rainfall extremes. These trends are
consistent with a strengthening monsoon and more frequent heavy
rainfall events under climate change (Salack et al., 2016; Sultan and
Gaetani, 2016; Bichet and Diedhiou, 2018b).

The observed intensification and redistribution of rainfall and
rainfall extremes across West Africa closely align with recent Arias
et al. (2021) assessments based on observational evidence. The IPCC
reports a discernible increase in annual and seasonal rainfall over parts
of the central and eastern Sahel since the 1980s, marking a recovery from
the severe droughts of the 1970s-1980s. This trend is accompanied by
growing evidence of more frequent heavy rainfall events and longer wet
spells in the Sahel and Sudanian zones, consistent with our findings of
increasing PRCPTOT, SDII, and CWD. Similarly, the IPCC notes rising
rainfall irregularity and extended dry spells in the Guinean and coastal
zones, which correspond with our observed increases in CDD and intra-
seasonal variability in Central and Eastern Guinea. Together, these
observations confirm an ongoing intensification of the hydrological cycle
in West Africa, characterized by both wetter extremes in the north and
drying tendencies in the south, patterns that are reshaping regional water
and agricultural systems.

In contrast, the Guinean zones exhibit declining or stagnating
rainfall, characterized by emerging deficits and prolonged dry spells,
particularly in Central and Eastern Guinea. These findings align with
prior studies indicating heightened rainfall variability and extended dry
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spells along the Guinea Coast, posing serious challenges to rainfed rice
and other water-sensitive crops (Bichet and Diedhiou, 2018a; Froidurot
and Diedhiou, 2017). Overall, this dual climatic reality, a wetter, flood-
prone north versus a drier, water-stressed south, defines the spatial
pattern of agricultural vulnerability. Targeted interventions, such as flood
management and soil-water conservation in the Sahel/Sudan and
drought preparedness and irrigation in the Guinea belt, are crucial to
sustain agricultural productivity (Douxchamps et al., 2016; Mechiche-
Alami and Abdi, 2020). In summary, rainfall extremes are intensifying
in northern West Africa due to a strengthening monsoon, while southern
regions experience drying trends and prolonged dry spells, with very
heavy rainfall events increasingly concentrated along the coastal zones.
The intra-annual and monthly rainfall variability observed across
West Africa’s six agro-climatic zones can be interpreted through key
biophysical mechanisms. In the northern Sahel and Sudanian zones,
increases in wet spell duration (CWD), rainfall totals (PRCPTOT),
and rainfall intensity (SDII) during July-September enhance soil
moisture retention and infiltration-storage capacity, temporarily
improving water availability for maize and other rainfed crops
(Thomas et al., 2022; Parkes et al., 2018b; Roudier et al., 2011).
However, these intensifying rainfall events also elevate the risk of
flooding and surface runoff in low-lying or poorly drained areas,
promoting soil erosion, nutrient leaching, and root hypoxia-processes
particularly detrimental to flood-sensitive crops such as rice (Niang et
al., 2017; Bichet and Diedhiou, 2018b; Adeyeri, 2025). Conversely, in
the southern Guinean zones, prolonged dry spells (rising CDD)
reduce soil water availability, constrain crop growth, and exacerbate
drought stress (Douxchamps et al., 2016; Sultan and Gaetani, 20165
lizumi et al., 2024). This north-south contrast illustrates how rainfall
variability interacts with soil moisture dynamics, drainage efficiency,
and antecedent water conditions to shape spatial patterns of
agricultural vulnerability, emphasizing that heavier rainfall does not
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uniformly translate into higher yields. These mechanistic insights
underscore the need for zone-specific adaptation strategies, including
improved drainage in flood-prone northern landscapes and soil-water
conservation measures in the drying southern regions.

Our observations reveal that rainfall extremes are increasingly
generating compound hazards, co-occurring floods, soil
waterlogging, and subsequent dry spells, which heighten
agricultural risks across West Africa. The coexistence of intense wet
spells in the Sahel/Sudan zones and prolonged dry periods in the
Guinean belt illustrates cascading hydrological stresses that hinder
crop recovery within the same season. These rainfall-driven
compound events align with the recent IPCC report (Arias et al.,
2021)

highlighting intensifying monsoon variability and
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multi-hazard exposure. Although rising temperatures beyond the
scope of this study are expected to amplify evapotranspiration and
drought stress, rainfall variability alone already imposes major
compounding risks. Addressing these interconnected extremes
requires integrated water management and climate-informed
adaptation strategies across agroecological zones.

4.2 Crop-specific responses
The yield responses of major crops mirror the north-south climatic

divide but also underscore distinct sensitivities to rainfall variability.
Maize demonstrates relative resilience, with yield gains in the Sudanian
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and Guinean zones linked to increased rainfall totals and more frequent
wet spells. These results echo prior evidence of maize’s responsiveness to
intra-seasonal rainfall variability and potential yield gains under wetter
conditions if managed effectively (Parkes et al., 2018b; Roudier et al,
2011). Scaling heat-tolerant varieties and improved water management
could help stabilize yields, though limited farmer access to technologies
remains a major barrier (Sultan and Gaetani, 2016).

Rice, by contrast, shows heterogeneous outcomes, yield gains in
western Sudanian and coastal Guinea zones but declines in Nigeria
and Eastern Guinea, reflecting its high vulnerability to flooding, poor
drainage, and temperature extremes (Niang et al., 2017; Duvallet et al,
2021). Expanding irrigation, flood management, and drainage
infrastructure, alongside developing stress-tolerant rice varieties
adapted to regional agroecologies, is essential to improve resilience
(Roudier et al., 2011).

Soybean, though less widely cultivated, exhibits strong positive
yield responses where rainfall is adequate, highlighting its promise as
a diversification crop. Yet, sensitivity to short dry spells and heat stress
constrains large-scale expansion (MacCarthy et al., 2022; Bebeley et
al., 2025). Strengthening seed systems, research support, and
mechanization could enable soybean’s integration into mixed cropping
systems that improve soil fertility and farmer income (Siamabele,
2021). In summary, maize tends to benefit from wetter conditions in
the northern zones, rice remains highly sensitive to both flooding and
heat stress, while soybean offers promising diversification potential
under favorable moisture regimes.

4.3 Adaptation and policy implications

Our decadal analysis of rainfall extremes across West Africa aligns
with regional and global initiatives aimed at advancing climate-smart
agriculture (CSA) and strengthening adaptation planning. Reports
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from AICCRA and the Global Center on Adaptation, CGIAR
partnership (Kpadonou et al., 2023) emphasize the urgency of
embedding CSA innovations within rainfed and water-stressed
systems. Our findings, showing intensifying wet spells and rainfall in
the Sahel/Sudan zones and prolonged dry spells in the Guinean belt,
highlight spatially differentiated adaptation priorities. These contrasts
are consistent with recent evidence from Abawiera Wongnaa et al.
(2024), who emphasize tailoring adaptation and policy responses to
localized climate risks and biophysical conditions. Likewise,
Obahoundje et al. (2025b) underscore the importance of integrating
remote sensing and machine learning approaches to better characterize
climate hazards and their impacts on crop yields, thereby enhancing
the spatial precision of CSA and adaptation targeting. Mechanisms
such as improved drainage, soil-water retention, and drought-buffering
practices align with CSA principles and provide biophysical evidence
to support adaptation frameworks, as underscored in recent UNEP and
UNFCCC reports on adaptation progress (UNFCCC, 2023, 2024).

Despite valuable insights, key knowledge gaps and limitations
remain. Most analyses, including this study, emphasize historical
rainfall-yield correlations, which cannot fully separate climatic
influences from technological and management effects (Douxchamps
et al., 2016). Furthermore, compound hazards, such as simultaneous
floods and droughts, remain underexplored in climate-crop
assessments (Diedhiou et al., 2018). The use of decadal averages, while
informative, can obscure interannual variability critical to farmers’
livelihoods. Future research must integrate climate modeling, crop
physiology, and socio-economic analyses to capture both risks and
adaptation opportunities. Extending this framework to include
livestock, fisheries, and household-level adaptation will strengthen
evidence-based policy design.

From a policy perspective, resilience building must combine
climate-smart agriculture (CSA), improved water management, and
targeted investments in flood control and irrigation infrastructure.
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Empowering smallholders through access to climate information,
technology, and financial tools will be pivotal for scaling adaptation
and ensuring food security across West Africa’s climatic hotspots. In
summary, rainfall extremes are intensifying in northern West Africa
due to a strengthening monsoon, while southern regions experience
drying trends and prolonged dry spells, with very heavy rainfall events
increasingly concentrated along the coast.

5 Conclusion

This study reveals profound shifts in extreme rainfall and crop-
climate interactions across West Africa, marked by a growing contrast
between wetter, flood-prone Sahelian/Sudanian zones and drying,
drought-vulnerable Guinean regions. Crop yield responses mirror
these climatic patterns: maize and soybean generally benefit from
increased rainfall, while rice shows mixed and often negative
outcomes, particularly under rising heat stress. Sensitivity analyses
identify the northern zones and parts of western Guinea as especially
vulnerable, while southern Guinea may offer opportunities for
strengthening second-season production. These results provide
actionable evidence to guide regional adaptation planning,
emphasizing the need for flood-tolerant crops, erosion control, and
improved water management in northern areas, and irrigation and
drought preparedness in the south. Strengthening early warning
systems, climate-smart agriculture, and investment in resilient
infrastructure should remain central to adaptation policies
implemented through the Economic Community of West African
States (ECOWAS), a regional political and economic union
promoting climate resilience and sustainable development, and the
Comprehensive Africa Agriculture Development Programme
(CAADP), an African Union initiative aimed at enhancing
agricultural productivity, food security, and sustainable land and
water management. Future research should integrate socio-economic,
hydrological, and crop modeling to better capture compound climate
risks, assess adaptation trade-offs, and design inclusive, multi-hazard
adaptation pathways for West Africa’s diverse agroecological zones.
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