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ABSTRACT

This study analyses the persistence and frequency of multi-day dry and wet rainfall episodes over Cote d’Ivoire,
which are quantified using CPC observations (1979-2022) and a 14-member Coordinated Regional Climate Downscaling

*CORRESPONDING AUTHOR:

Stella Todzo, Laboratoire Mixte International “Nexus Climat-Eau-Energie-Agriculture en Afrique de I’Ouest et Services Climatiques” (LMI NEXUS),
African Centre of Excellence on Climate Change, Biodiversity and Sustainable Agriculture (CEA CCBAD), Université Félix Houphouét-Boigny,
Abidjan P.O. Box 463, Céte d’Ivoire; Email: stodzo@yahoo.com

ARTICLE INFO
Received: 10 December 2025 | Revised: 1 January 2026 | Accepted: 5 January 2026 | Published Online: 13 January 2026
DOI: https://doi.org/10.30564/jasr.v9i1.12989

CITATION
Todzo, S., Akobé, E.Y., Diawara, A., et al., 2026. Projected Changes in the Characteristics of Dry and Wet Episodes over Cote d’Ivoire. Journal of
Atmospheric Science Research. 9(1): 80-94. DOI: https://doi.org/10.30564/jasr.v9i1.12989

COPYRIGHT

Copyright © 2026 by the author(s). Published by Bilingual Publishing Group. This is an open access article under the Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License (https://creativecommons.org/licenses/by-nc/4.0/).

80


https://orcid.org/0009-0007-0618-4241
https://orcid.org/0009-0009-5350-0993
https://orcid.org/0009-0004-7176-3678
https://orcid.org/0000-0003-2247-8497
https://orcid.org/0000-0001-6683-3732
https://orcid.org/0000-0002-7321-9236
https://orcid.org/0009-0004-6904-1852
https://orcid.org/0000-0003-4690-7786
https://orcid.org/0000-0003-3841-1027

Journal of Atmospheric Science Research | Volume 09 | Issue 01 | January 2026

Experiment (CORDEX)-Africa ensemble under RCP4.5 and RCP8.5. Rather than focusing solely on total rainfall, we
quantify rainfall by duration and frequency of dry spells and wet episodes to capture duration-driven drought and flood
risks. Historically, dry episodes last 8—15 days, with maximum annual dry spells of 2540 days, while wet episodes persist
for 3—6 days and occur 48 times per year. Projections show substantial changes in rainfall sequencing. Under RCP4.5,
mean dry-episode durations increase by +1 to +2 days by mid-century and +2 to +4 days by late-century; under RCPS.5,
increases reach +2 to +3 days and +3 to +6 days, respectively, with maximum dry-spell extensions of +15 to +25 days in
northern regions. Wet episodes become 1-4 events per year, less frequent but lengthen by +1 to +4 days, especially along
the coast under RCP8.5. These shifts suggest fewer but more persistent rainfall events, which heighten drought-related
crop-water stress and multi-day flood accumulation risks. The results provide actionable insights for agriculture, hydrology
and climate-risk planning by highlighting rainfall sequencing and persistence metrics not captured by traditional rainfall
totals. This nuanced perspective enhances understanding of drought, flood accumulation, and agricultural risk under
changing climate conditions.

Keywords: Cote d’Ivoire; Dry Episodes; Wet Episodes; Rainfall Persistence; West African Monsoon; Coordinated Regional

Climate Downscaling Experiment (CORDEX)-Africa

1. Introduction

Rainfall variability in West Africa is governed by com-
plex interactions among large-scale atmospheric circulation,
regional moisture transport, and land-atmosphere feedback.
Numerous studies have documented substantial fluctuations
in rainfall totals at interannual and decadal scales!-?. These
variations are strongly modulated by the West African Mon-
soon (WAM), whose meridional migration influences the
spatial and temporal distribution of wet and dry conditions
across the region3#1. While much attention has been given
to changes in seasonal rainfall amounts, far fewer studies
have examined the internal structure of rainfall in terms of
the sequencing of multi-day dry and wet events, despite their
relevance for understanding hydroclimatic variability.

Large-scale ocean-atmosphere modes exert a strong in-
fluence on rainfall organisation in West Africa. The Atlantic
Niflo and equatorial Atlantic SST anomalies affect convec-
tive activity and moisture supply along the Guinea Coast[>-6],
Variability in the zonal Walker circulation and Indo-Pacific
warm pool modulates subsidence and convective inhibition
over West Africal”8].

mulated rainfall but also the persistence of dry spells and
9,10

These modes affect not only accu-
clustering of wet days[®!%. Several modelling studies sug-
gest that anthropogenic warming may further modify rainfall
intermittency, leading to longer dry sequences and more per-
sistent wet events in monsoon regions!'!:12),

In Coéte d’Ivoire, previous studies have primarily fo-

cused on long-term trends in rainfall totals, changes in mon-
soon onset and cessation dates, and extreme rainfall be-

(137151 Although these analyses provide valuable

haviour
insight, they do not fully capture the organisation of rain-
fall into multi-day episodes. Episode-based metrics such
as duration, frequency, and maximum event length offer a
complementary perspective by characterising rainfall persis-

15161 How-

tence and intermittency at subseasonal scales!
ever, no comprehensive assessment has yet been conducted
to quantify historical dry and wet rainfall episodes across
Céte d’Ivoire or to evaluate how these characteristics may
evolve under future climate forcing.

Regional climate model ensembles, such as CORDEX-
Africa, provide a valuable framework for assessing future
changes in rainfall sequencing. Several evaluations have
shown that CORDEX simulations capture key aspects of
West African rainfall variability, including seasonal cycles
and broad spatial patterns!!7-2°1. Nevertheless, model skill
varies across regions and time scales, and the ability of these
models to reproduce multi-day rainfall persistence has not
been extensively examined for Cote d’Ivoire.

This study addresses these gaps by analysing persistent
dry and wet episodes using CPC observations (1979-2022)
and a 14-member CORDEX-Africa ensemble. We assess his-
torical episode characteristics, evaluate model performance
in reproducing temporal rainfall structures, and quantify pro-
jected changes under RCP4.5 and RCP8.5 for mid-century
and late-century horizons. By focusing on rainfall sequenc-
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ing rather than totals, this work contributes new insight into
the hydroclimatic response of Cote d’Ivoire to future climate
forcing and complements broader assessments of monsoon
variability in West Africa.

The remainder of this paper is organised as follows.
Section 2 describes the data and methods used to identify
and evaluate dry and wet rainfall episodes. Section 3 presents
historical diagnostics and projected changes in episode char-
acteristics based on observations and the CORDEX-Africa
ensemble. Section 4 discusses the physical interpretation
of these findings and associated uncertainties. Section 5

summarises the main conclusions.

2. Data and Methods

2.1. Data

Daily precipitation observations were taken from the
Climate Prediction Center (CPC) Unified Gauge-based prod-
uct? for the period 1979 to 2022. This dataset provides
a spatially consistent gridded rainfall product and is widely
used for hydroclimatic analyses in West Africa.

Future climate projections were obtained from a 14-
member CORDEX-Africa regional climate model (RCM)

ensemble, each driven by different global climate models

(GCMs) under the RCP4.5 and RCP8.5 emission scenarios.
All CORDEX simulations were bilinearly regridded to 0.25°
% (0.25° to match CPC resolution before analysis. This en-
sures spatial comparability between observations and model

outputs. Projections were evaluated over three periods:

» historical baseline: 1976 to 2005
e mid-century: 2036 to 2065
* late-century: 2071 to 2100

The period 1979-2022 is used exclusively for evalu-
ating the CORDEX simulations against CPC observations,
as it provides the longest continuous and internally consis-
tent observational record for Cote d’Ivoire. In contrast, the
analysis of historical and future climate states uses 30-year
periods in accordance with WMO and IPCC recommenda-
tions, which define 30-year climate normals as the standard
for assessing long-term climatic conditions. The selected
windows (1976-2005, 20362065, and 2071-2100) ensure
statistical robustness and reduce the influence of interannual
variability while enabling consistent comparison between
historical and projected climates. Projected changes were
computed using the multi-model ensemble mean, which re-
duces random model noise and is widely used in CORDEX
analyses for spatial climate fields['7-11,

The RCM-GCM combinations used in the study are
listed in Table 1.

Table 1. Lists the RCM-GCM pairs and their availability through the ESGF and associated modelling group.

RCM Driving GCM Scenario(s) Data Source/Status
SMHI-RCA4 CanESM2 RCP4.5, RCP8.5 ESGF
SMHI-RCA4 CNRM-CM5 RCP4.5, RCP8.5 ESGF
SMHI-RCA4 EC-EARTH-r12 RCP4.5, RCP8.5 ESGF
SMHI-RCA4 IPSL-CM5A-MR RCP4.5, RCP8.5 ESGF
SMHI-RCA4 MPI-ESM-LR RCP4.5, RCP8.5 ESGF
CLMcom-CCLM4-8-17 EC-EARTH-r12 RCP4.5, RCP8.5 ESGF
CLMcom-CCLM4-8-17 HadGEM2-ES RCP4.5, RCP8.5 ESGF
DMI-HIRHAMS EC-EARTH-13 RCP4.5, RCP8.5 ESGF
KNMI-RACMO22E EC-EARTH-rl1 RCP4.5, RCP8.5 ESGF
CCCma-CanRCM4 CanESM2 RCP4.5, RCP8.5 CCCma FTP
MPI-CSC-REMO2009 MPI-ESM-LR RCP4.5, RCP8.5 RCM Group
MPI-CSC-REMO02009 CNRM-CM5 RCP4.5, RCP8.5 RCM Group
CNRM-ALADINS2 CNRM-CM5 RCP4.5, RCP8.5 RCM Group (not all variables available)
BCCR-WRF331 NorESM1-M RCP4.5, RCP8.5 RCM Group
Bias Adjustment is relative to each model’s own climatology. This approach

No bias correction was applied. Dry and wet episodes
were defined using percentile thresholds computed indepen-

dently for each model, meaning that episode identification

avoids the influence of systematic biases in absolute rainfall
magnitude and is widely used in studies of rainfall persis-
tence and subseasonal variability ['>16], Sensitivity tests (not
shown) using alternative thresholds (5th—15th and 85th—-95th
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percentiles) produced similar spatial patterns, confirming

methodological robustness.

2.2. Methods

Definition of Dry and Wet Episodes

Persistent dry and wet episodes were identified at each
grid cell using percentile-based thresholds and minimum

run-length criteria:

A dry episode occurs when daily rainfall is <10th per-
centile of the local rainfall distribution for at least 10
consecutive days.

A wet episode occurs when daily rainfall is >90th per-

centile for at least 3 consecutive days.

Percentiles were computed from the baseline period
19762005, ensuring threshold definitions reflect local cli-
matological conditions. The choice of a >10-day minimum
duration for dry episodes follows the conceptual framework
of Huth et al.[>!1 (2000), who emphasise that persistent dry
spells should represent multi-day sequences long enough to

meaningfully interrupt seasonal rainfall regimes. In West

Africa, subseasonal dry phases during the monsoon fre-
quently extend beyond one week and may reach or exceed
10 days, as documented in regional analyses of rainfall per-
sistence and monsoon breaks!'*!® (Nicholson, 2013; Fitz-
patrick et al., 2020; Panthou et al., 2018). Using a 10-day
threshold, therefore, ensures that detected dry episodes cor-
respond to meteorologically and agronomically significant
events, rather than short-lived fluctuations. This duration is
consistent with established practice in tropical rainfall per-
sistence studies and supports a robust characterisation of
rainfall sequencing in the region.

For each calendar year, four episode-based indicators

were computed (Table 2):

1.  Mean duration (days): Average number of consecu-
tive days per episode.

2. Maximum duration (days): Longest uninterrupted
episode within the year.

3. Mean frequency (events per year): Number of dry or
wet episodes occurring within the year.

4.  Maximum frequency (events per year): Highest an-

nual count observed across the ensemble.

Table 2. Description of episode-based indicators used in this study.

Indicator Unit Definition/Calculation Represents Sectoral Relevance References
Mean days per Average number of Typical persistence of rainfall ~ Crop-water demand, irrigation ~ Nicholson[!],
Duration episode consecutive days within each  deficits or excesses. scheduling, agricultural field Tamoffo 22!
dry or wet episode during a operations.
year.
Maximum days Longest uninterrupted dry or ~ Worst-case multi-day stress Drought preparedness, Alexander 8],
Duration wet episode occurring within  or accumulation event. reservoir operation, multi-day Trisos [23]
a year. flood accumulation risk.
Mean episodes Average number of dry or wet ~ How often transitions Planting calendar optimisation, ~ Olusegun (],
Frequency per year episodes occurring per year. between dry and wet states soil-moisture management, Joly 24, Yapo ?°]
occur. water-allocation planning.
Maximum episodes The highest number of Fragmentation or clustering Early warning systems, slope Diedhioul?],
Frequency per year episodes recorded within a of rainfall into multiple short  stability, urban drainage Seneviratne [26]

single year. sequences.

performance.

These metrics capture the temporal organisation of rain-
fall, which strongly influences drought stress, agricultural
water demand, soil-moisture dynamics, and multi-day runoff
generation. The chosen percentile and run-length thresh-
olds follow established practices for characterising rainfall

persistence in West Africall>13:16],

2.3. Model Evaluation

Model skill was assessed using the Taylor diagram 27,

which summarises:

Spatial correlation

Ratio of modelled to observed spatial standard deviation

Centred root-mean-square difference (RMSD)
The correlation coefficient is computed as:
. i (@i — 7)Y —y)
Vi (wi —2)? /3 (i — y)?
The centred RMSD is:

711 Z [(zi — ) — (vi — y)]2

i=1

RMSD =
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where z; and y; represent modelled and observed rainfall,

and z and y their spatial means.

2.4. Trend and Change-Point Diagnostics

To examine long-term variability and structural shifts
in observed rainfall, three complementary diagnostics were
applied:

*  Liebmann Windowed-Trend Method

Because rainfall trends in West Africa are strongly time-
scale dependent, the Liebmann windowed-trend diagram [2%]
was used to assess how the rainfall trend evolves across
different window lengths.

The method divides the time series into overlapping
sliding windows, computes a linear trend within each win-
dow, and displays the sign and magnitude of the trend as a
colour field. This enables visual identification of intervals
of drying or wetting, as well as the sensitivity of trend esti-
mates to the chosen time scale. (e.g., 5-30 years). For each

window, a trend of the form:
P(t)=a+ gt

is computed, where S represents the trend slope (mm yr ).
Results are displayed as a two-dimensional diagram in
which:

*  the x-axis shows the central year of the window,
* the y-axis shows window length,

*  colour shading indicates the magnitude and direction of

B,

*  contours identify statistically significant trends.

This diagnostic is particularly suited to West Africa,
where multi-decadal shifts (e.g., the 1980s—1990s drought)

dominate long-term rainfall behaviour.
*  Mann-Kendall Test

The Mann-Kendall test?-3!] assesses monotonic long-

term trends using the statistic:

n—1 n
S = Z sgn(z; — x;)
i=1 j=i+1
with
1, x>0
sgn(z) =< 0, z=
-1, =<0

The Kendall tau coefficient is:

S

T 05 n(n —1)

e Pettitt Change-Point Test

Abrupt shifts in median rainfall were identified using
the Pettitt test’*?]. The statistic is:

t n
U, = Z Z sgn(x; — ;)
i=1 j=t+1

The estimated change-point ¢*corresponds to the max-

imum absolute value of U;. The approximate significance

—6U?
2 ——t
P exp <n3+n2>

These diagnostics jointly identify long-term tenden-

Is:

cies, multi-decadal variability and abrupt regime shifts in the
observed rainfall record.

3. Results

3.1. Evaluation of Model Performance

The CORDEX-Africa ensemble shows a modest but co-
herent ability to reproduce the observed rainfall climatology
of Cote d’Ivoire. The Taylor diagram (Figure 1) indicates
that spatial correlations between individual model simula-
tions and CPC observations remain generally low, with most
models clustered between approximately 0.00 and 0.35, and
only one model reaching close to 0.50. The multi-model
ensemble (MME) performs substantially better, with a corre-
lation of around 0.65 to 0.70, confirming the added value of
multi-model averaging in reducing structural uncertainty.

Model dispersion and centred root-mean-square differ-
ence (RMSD) also highlight structural spread across simula-
tions. Most individual models underestimate the observed
spatial standard deviation, as shown by their position inside
the unit-standard-deviation circle. Correspondingly, RMSD
values are higher for individual simulations, whereas the
MME lies closest to the reference point, indicating reduced
overall error relative to CPC. Taken together, the three Taylor-
diagram metrics show that although individual CORDEX
models vary widely, their ensemble mean provides a con-
siderably more reliable representation of the spatial rainfall

structure.
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Figure 1. Taylor diagram comparing fourteen CORDEX-Africa climate models with CPC observations in terms of spatial correlation,
standard deviation, and centred root-mean-square difference (RMSD).

Note: The reference point (red star) represents observations.

Temporal variability is also reproduced at decadal
scales. The Liebmann windowed-trend diagrams (Figure 2)
show that both the CPC observations and the ensemble cap-
ture key phases of multi-decadal variability between 1979
and 2005: a wet period in the early 1980s, the pronounced
dry interval from the early 1990s to the early 2000s, and
a partial recovery thereafter. Sensitivity to trend-window
length (Supplementary Materials Figure S1) confirms a
robust shift in rainfall regime during the late 1980s.

Precipitation - CPC

95%
- ——90%
80%

25

20

15

Trend length (years)

w

i 'l

1980 1985 1990 1995 2000 2005
years

Trend diagnostics reinforce these features. The Mann-
Kendall test (Figure 3) detects a weak and statistically non-
significant long-term downward trend (1 =—0.118, p = 0.26).
The Pettitt test (Figure 3), however, identifies a significant
change-point in 1989, marking the onset of the sustained
dry period that extends through the 1990s and early 2000s.
These historical behaviours are consistently reproduced by
the ensemble mean, supporting the reliability of the dataset
for analysing rainfall episode characteristics.

Precipitation - MME

95%
— — —90%
80 80%

25

20

15

10

Trend length (years)

0
1980 1985 1990 1995 2000 2005
years

Figure 2. Liebmann diagrams of annual rainfall trends for observations (CPC) and the multi-model ensemble over 1979-2005. Colours
show trend slopes (mm yr !); contours mark significance (95%, 90%, 80%).
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Figure 3. Annual CPC precipitation over Cote d’Ivoire (1979-2022), showing the Mann-Kendall trend analysis and Pettitt change-point

test.
Note: The blue line represents annual rainfall, red asterisks show individual yearly totals, and the dashed black line indicates a weak, non-significant downward trend (t =
—0.118, p = 0.2616). The magenta vertical line marks the significant 1989 change-point (p = 0.0391).

3.2. Historical Rainfall Variability (1979-2022) in the late 1970s and early 1980s (up to +2.5 to +3 standard

Observed rainfall over Cote d’Ivoire exhibits marked deviations), followed by an extended dry period from the

interannual and decadal variability from 1979 to 2022. Stan- early 1990s into the early 2000s. Rainfall begins to recover
dardised annual rainfall anomalies (Figure 4) show alternat- gradually after 2010, with several wetter-than-average years

ing wet and dry years, including strongly positive anomalies during the 2010s and early 2020s.

15

-

normalized anomaly
o
o w

-1.5

1 1 1

2 1 1 | L 1 1
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
Year

Figure 4. Standardised anomalies of annual rainfall for 1979-2022.

Note: Blue bars indicate wetter-than-average years; red bars indicate drier years.

The long-term annual series (Figure 3) demonstrates of the 1990s to early 2000s, followed by a gradual improve-
large year-to-year fluctuations superimposed on a weak, non- ment after 2010, is clearly evident.
significant downward trend (t =—0.118, p = 0.26). Although Decadal rainfall distributions (Figure 5) reinforce these

no monotonic decline is detected, the prolonged dry interval transitions. The 1980s show reduced median rainfall rela-
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tive to the late 1970s, followed by an even drier decade in
the 1990s. Rainfall remains generally below the long-term
median during the 2000s, while the 2010s show partial recov-
ery. These decadal-scale shifts align with well-documented

variations in West African Monsoon intensity and Atlantic
sea-surface temperature anomalies, including warm-phase
Atlantic Niflo events that weakened monsoon inflow during
the 1980s—-1990s drought period #3333,

1500 |~

1400 [~

1300

1200 |~ 1

Precipitations (mm}

1100 |~

1000 [~

10

—_—
900

? - |

1
1970 1980 1990

|
2000 2010 2020

Decadal

Figure 5. Decadal boxplots of annual rainfall for 1979-2022, highlighting reduced rainfall in the 1990s—2000s and recovery in the 2010s.

The merged Mann-Kendall and Pettitt analysis (Figure
3) identifies a statistically significant change-point in 1989 (p
=0.039), marking the onset of the multi-decadal dry phase of
the 1990s and early 2000s. This structural break is consistent
with previously reported regional rainfall regime shifts across
West Africa and reflects a transition toward reduced mon-
soon penetration. These historical features provide essential
context for interpreting dry and wet episode characteristics,
which respond more strongly to decadal monsoon variability

than to long-term linear trends.

3.3. Historical Characteristics of Dry and Wet
Episodes (1976-2005)

Dry and wet rainfall episodes exhibit a strong merid-
ional gradient across Cote d’Ivoire, reflecting the structure
of the West African Monsoon. During the historical baseline
(1976 to 2005):

*  dry episodes typically last 8 to 15 days, with maximum
annual durations of 25 to 40 days, particularly over
northern Cote d’Ivoire where monsoon breaks are more
frequent (Figure 6a,d)

*  wet episodes last 3 to 6 days and occur 4 to 8 times per

year, with the highest frequencies along the southern
coastal belt (Figure 7a,d).

These contrasts are consistent with earlier analyses of
rainfall persistence and subseasonal variability across West
Africa. Supplementary Materials Figure S4 provides fur-
ther detail on spatial patterns in maximum dry-spell duration.

These observed characteristics form the baseline for

evaluating projected changes.
*  Projected Changes in Episode Characteristics

Projected changes are assessed relative to the histori-
cal baseline (1976 to 2005) for mid-century (2036 to 2065)
and late-century (2071 to 2100) under RCP4.5 and RCP8.5.
The following figures summarise projected changes in mean
duration, maximum duration and mean frequency of dry and

wet episodes.
* Dry Episodes
Mean duration (Figure 6) increases across most re-
gions:
*  RCP4.5: approximately +1 to +2 days by mid-century

and +2 to +4 days by late-century
*  RCPS8.5: +3 to +6 days by late-century

The strongest increases occur in the northern interior,
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consistent with projections of reduced monsoon penetration 60 days in northern Céte d’Ivoire.

and enhanced land-atmosphere drying. Changes in frequency are more limited (Figure 8). Un-

Maximum dry-spell duration also increases substan- der RCP4.5, frequency remains similar to historical values,
tially: whereas RCP8.5 shows modest increases of +1 to +2 events
e RCP4.5: +5 to +8 days per year in northern areas. This indicates that future dry-
*  RCP8.5: +15 to +25 days by late-century ness intensification is driven primarily by duration, not event

This implies that extreme dry spells may exceed 40 to count.

a) DRY EPISODES Hist (1976-2005) b) DRY EPISODES NF (2036-2065) <) DRY EPISODES FF (2071-2100)

L
&
MEAN DRY EPISODES(days) rcp85

10

d) DRY EPISODES Hist (1976-2005) e) DRY EPISODES NF (2036-2065) f) DRY EPISODES FF (2071-2100)

11°N
18

- =
N &
MEAN DRY EPISODES(days) rcpd5

B*W T'W B°W 5°W 4°W 3*W B*W T'W 6°W 5°W 4*W 3I*W B*W T*W B'W 5°W 4°'W 3*W

Figure 6. Mean duration (days) of dry episodes for the historical period (1976-2005) and future projections under (a—c) RCPS8.5 and
(d—f) RCP4.5.

\ -2 MEAN FREQUENCY Hist (1976-2005) _b) MEAN FREQUENCY NF (2036-2065) <) MEAN FREQUENCY FF (2071-2100)

d) MEAN FREQUENCY Hist (1976-2005) @) MEAN FREQUENCY NF (2036-2065) f) MEAN FREQUENCY FF (2071-2100)

FREQUENCY-WE(Events/year)-rcp45 FREQUENCY-WE(Events/year)-rcp85

B;W T;W E;W S;W A;W E;W B°W T°W E°W 5°W 4°W 3°W E;W T°W 6°W S;W 4;W 3w
Figure 7. Mean annual wet-episode frequency (events per year) for the historical period (1976-2005) and future projections under (a—c)
RCP8.5 and (d—f) RCP4.5.
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Figure 8. Mean annual dry-episode frequency (events per year) over Cote d’Ivoire for the historical period (1976-2005) and future
projections under (a—c) RCP8.5 and (d—f) RCP4.5. Panels (a,d) show the historical baseline, panels (b,e) mid-century (2036-2065), and
panels (c,f) late-century (2071-2100).

*  Wet Episodes *+ RCP4.5: +1 day at mid-century and +1 to +2 days by
Wet-episode duration (Figure 9) increases across most late-century
regions: *  RCPS8.5: +2 to +4 days in the late century
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Figure 9. Mean duration (days) of wet episodes for the historical period (1976-2005) and future projections under (a—c) RCP8.5 and
(d—f) RCP4.5. Panels (a,d) show the historical baseline, (b,e) mid-century conditions (2036-2065), and (¢,f) late-century conditions
(2071-2100).
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The longest increases appear along the southern coastal
belt. Maximum wet-episode durations increase by +3 to
+10 days (Supplementary Materials Figure S2), implying
stronger multi-day accumulation. Wet-episode frequency

decreases across the country (Figure 6):

*  RCP4.5: approximately —1 event per year
*  RCPS8.5: =2 to —4 events per year by late-century

This shift toward fewer but more persistent wet events
suggests an increasingly intermittent but more intense rain-

fall regime.

3.4. Summary of Projected Changes

A coherent set of changes emerges from the projected
evolution of dry and wet rainfall episodes across Cote

d’Ivoire (Figures 6-9).

1. Dry episodes become progressively longer, with the
most pronounced extensions occurring in northern Cote
d’Ivoire under both emissions scenarios. This reflects
a tendency toward more persistent monsoon breaks,
consistent with regional projections of increased land-
atmosphere drying and reduced low-level moisture
transport under warming.

2. Wet episodes become fewer but longer, especially
along the southern coastal belt, where organised con-
vection is climatologically strongest. The combination
of reduced frequency and increased duration suggests a
shift toward more intermittent but more persistent rain-
fall events, a pattern also highlighted in recent regional
CORDEX assessments.

3. The reorganisation of rainfall timing exceeds changes
in total rainfall amounts. Alterations in event sequenc-
ing, including longer dry spells, fewer but more persis-
tent wet episodes, and changes in clustering, are likely
to influence agricultural planning, water-resource man-
agement, and multi-day flood accumulation more di-

rectly than changes in seasonal or annual totals.

Overall, these results underscore the importance of
analysing rainfall persistence and sequencing. Episode-
based metrics offer insights into future hydroclimatic risks
that are not captured by conventional assessments of rainfall

means or extremes.

4. Discussion

The results demonstrate a coherent reorganisation of
rainfall sequencing across Cote d’Ivoire, with important im-
plications for monsoon behaviour, hydrological processes
and climate-risk management. The projected lengthening of
dry spells and the shift toward fewer but longer wet episodes
are consistent with well-documented thermodynamic and
dynamic responses to warming in tropical regions. Increased
atmospheric moisture capacity, enhanced moisture conver-
gence and altered convective inhibition under higher tem-
peratures have been shown to modify the persistence and
organisation of rainfall events across West Africal!l-26:3¢],
These mechanisms provide a physically grounded explana-
tion for the episode-based signals identified in this study.

A key feature of the projections is the intensification
of the north-south hydroclimatic gradient. The strongest
enhancements in dry-episode duration occur in northern
Cote d’Ivoire, an area already highly sensitive to fluctua-
tions in monsoon penetration. Similar extensions of multi-
day dry spells have been observed in the Sahel and north-
ern West Africal!®?%] where reductions in low-level mois-
ture transport and weakening of the monsoon inflow have
contributed to increased aridity. The close agreement be-
tween models in this region strengthens the interpretation that
monsoon-related processes, including variability in Atlantic
Nifio events and land-atmosphere feedbacks, are driving the
projected patterns[®371,

Changes in wet episodes also align with the established
understanding of mesoscale convective organisation in the
region. Warmer conditions can enhance convective avail-
able potential energy (CAPE) and promote longer-lasting
mesoscale convective systems, especially along the south-
ern coast, where organised convection is climatologically
dominant3¢]. The simultaneous reduction in frequency and
increase in duration observed in this study indicates a shift
toward more intermittent but more persistent rainfall events.
Comparable patterns were identified in recent CORDEX
analyses showing increased rainfall intermittency, longer
wet events and modified subseasonal rainfall structure under

strong forcing scenarios!!®192%],

These findings enhance
confidence that the projected changes are physically robust
and consistent with ensemble-level behaviour across West

Africa.
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Beyond the dynamical interpretation, these results are
hydrologically significant. Multi-day rainfall accumulation,
rather than single-day intensity, often governs flood gen-
eration, soil saturation and groundwater recharge in West
Africa. Previous studies have highlighted similar decoupling
between rainfall totals and persistence, showing that subsea-
sonal rainfall structure plays a decisive role in agricultural

[LI5.16] The projected

productivity and drought vulnerability
reorganisation of rainfall timing therefore has direct conse-
quences for planting calendars, irrigation scheduling and
catchment-scale runoff generation, even in the absence of
strong long-term trends in annual rainfall.

Uncertainties nonetheless remain. The CORDEX mod-
els differ in their representation of rainfall intermittency,
consistent with known limitations related to parameterised
convection*®31. Internal climate variability, including
ENSO, the Atlantic Nifio, the Atlantic Multidecadal Vari-
ability (AMV) and other SST-driven modes, will continue
to modulate rainfall episodes independently of long-term
climate forcing[®4%). The absence of bias adjustment intro-
duces additional uncertainty; although the percentile-based
thresholds reduce sensitivity to mean-field biases, certain as-
pects of rainfall sequencing may still be affected. Sensitivity
analysis of percentile thresholds and minimum run-length
requirements would also offer additional clarity and is rec-
ommended for future work.

Despite these limitations, the high model agreement on
the sign of change, the consistency with physical theory and
the strong alignment with existing literature all reinforce the
robustness of the projected evolution of rainfall sequencing
in Cote d’Ivoire. The results collectively demonstrate that
rainfall timing and persistence are likely to undergo more
substantial changes than rainfall totals under future warming.
These insights are crucial for climate services, agricultural
planning, water-resource management and urban flood-risk

reduction.

5. Conclusions

This study investigated historical and projected changes
in the persistence and sequencing of multi-day dry and wet
rainfall episodes over Cote d’Ivoire using CPC observations
(1979 t0 2022) and a 14-member CORDEX-Africa ensemble
under RCP4.5 and RCP8.5 scenarios. The results show that,
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even in the absence of strong long-term trends in seasonal
or annual rainfall totals, the internal organisation of rain-
fall is projected to undergo substantial modification. Three
coherent and scientifically robust findings emerge.

First, dry spells are projected to lengthen across all
regions, with the most pronounced increases in northern
Cote d’Ivoire. Both mean and maximum dry-episode dura-
tions intensify under all scenarios, with late-century exten-
sions of more than two weeks under RCP8.5. These patterns
are consistent with reduced monsoon penetration and weak-
ened moisture transport mechanisms identified in previous
regional analyses, suggesting increasing exposure to pro-
longed water-stress conditions.

Second, wet episodes are projected to become fewer
in number but more persistent. Although event frequency
declines, their duration increases, especially along the south-
ern coastal belt, where deep convection is climatologically
dominant. This behaviour is consistent with thermodynamic
expectations under warming, which favour enhanced atmo-
spheric moisture capacity and shifts in convective organisa-
tion. As a result, rainfall may increasingly occur in concen-
trated multi-day episodes, with implications for soil satura-
tion, flood generation, erosion and reservoir management.

Third, the magnitude of projected changes in rainfall
sequencing exceeds that of changes in rainfall totals. Metrics
such as persistence, duration and clustering provide informa-
tion on hydroclimatic stress that accumulated rainfall alone
cannot capture. These episode-based indicators therefore of-
fer a more sensitive lens through which to assess the impacts
of climate change on agricultural drought, water-resource
variability and multi-day flood hazard in Céte d’Ivoire.

While uncertainties remain, particularly related to
model spread, parameterised convection and internal cli-
mate variability, the strong level of ensemble agreement
and the consistency with known monsoon processes lend
credibility to the projected patterns. Future work should ex-
plore the sensitivity of episode detection to threshold and
run-length choices, incorporate convection-permitting sim-
ulations and examine the influence of large-scale ocean-
atmosphere drivers such as the Atlantic Nifio and ENSO.

Overall, the findings underscore the value of analysing
rainfall sequencing in addition to totals. By quantifying
how multi-day dry and wet events may evolve under fu-

ture climate forcing, this study provides actionable informa-
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tion for climate-smart agriculture, hydrological planning and
climate-risk management in Cote d’Ivoire and contributes
to a broader understanding of subseasonal rainfall dynamics

across West Africa.

Supplementary Materials

The supporting information can be downloaded at
https://journals.bilpubgroup.com/files/JASR-12989-S

upplementary-Materials.docx.

Author Contributions

S.T., E.Y.A., A.D. (Arona Diedhiou) and A.D. (Adama
Diawara): conceptualisation, methodology; S.T. and E.Y.A.:
software, data curation, visualisation; S.T., A.D. (Arona Died-
hiou), E.Y.A. and A.D. (Adama Diawara): formal analysis
and writing original draft. S.T., EYA.,AD,LD,ALMY.,
T.C.F-N,, B.K,, F.Y. and A.D.: analysis, validation, review
and editing. All authors have read and agreed to the published

version of the manuscript.

Funding

This study is performed under the SUSTAINDAM
project funded by Agence National de la Recherche (ANR,
France; Contract n° 400914/00) and implemented in the
frame of the Belmont Forum collaborative actions on trans-

disciplinary research for pathways to sustainability.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

All data used or generated in this study are available
for free upon request to the authors.

CHIRPS data are available at https://www.chc.ucsb.e
du/data/chirps.

Acknowledgments

The authors thank the Institute of Research for Develop-
ment (IRD, France) and the Institute of Geosciences for Envi-
ronment (IGE, University Grenoble Alpes, LMI NEXUS) for
the IT support funded by the PRPT contract. This study was
implemented at the National High Performance Computing
Center of Cdte d’Ivoire (Centre National de Calcul de Cote
d’Ivoire, CNCCI) thanks to the support from the Belmont
Forum collaborative actions on transdisciplinary research
(SUSTAINDAM project).

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] Nicholson, S.E., 2013. The West African Sahel: A Re-
view of Recent Studies on the Rainfall Regime and Its
Interannual Variability. ISRN Meteorology. 2013(1),
453521. DOL: https://doi.org/10.1155/2013/453521
Diedhiou, A., Bichet, A., Wartenburger, R., et al.,
2018. Changes in climate extremes over West and Cen-
tral Africa at 1.5°C and 2 °C global warming. En-
vironmental Research Letters. 13(6), 065020. DOI:
https://doi.org/10.1088/1748-9326/aac3e5

Sultan, B., Janicot, S., 2003. The West African
Monsoon Dynamics. Part I: Documentation of
Intra-Seasonal Variability. Journal of Climate. 16,
3389-3406. DOI: https://doi.org/10.1175/1520-0
442(2003)016<3389:TWAMDP>2.0.CO;2
Fitzpatrick, R.G.J., Parker, D.J., Marsham, J.H., et al.,
2020. What Drives the Intensification of Mesoscale
Convective Systems over the West African Sahel under
Climate Change? Journal of Climate. 33, 3151-3172.
DOT: https://doi.org/10.1175/JCLI-D-19-0380.1
Worou, K., Goosse, H., Fichefet, T, et al., 2022. Weak-
ened impact of the Atlantic Nifio on the future equato-
rial Atlantic and Guinea Coast rainfall. Earth System
Dynamics. 13, 231-249. DOI: https://doi.org/10.5194/
esd-13-231-2022

Xing, W., Wang, C., Zhang, L., et al., 2024. Influ-
ences of Central and Eastern Atlantic Nifio on the
West African and South American summer monsoons.
npj Climate and Atmospheric Science. 7, 214. DOLI:
https://doi.org/10.1038/s41612-024-00762-7

Illig, S., Bachelery, M.-L., 2024. The 2021 Atlantic
Nifio and Benguela Nifio Events: External Forcings and
Air-Sea Interactions. Climate Dynamics. 62, 679-702.
DOIL: https://doi.org/10.1007/s00382-023-06934-0

(2]

(3]

(4]

(6]

92


https://journals.bilpubgroup.com/files/JASR-12989-Supplementary-Materials.docx
https://journals.bilpubgroup.com/files/JASR-12989-Supplementary-Materials.docx
https://www.chc.ucsb.edu/data/chirps
https://www.chc.ucsb.edu/data/chirps
https://doi.org/10.1155/2013/453521
https://doi.org/10.1088/1748-9326/aac3e5
https://doi.org/10.1175/1520-0442(2003)016<3389:TWAMDP>2.0.CO;2
https://doi.org/10.1175/1520-0442(2003)016<3389:TWAMDP>2.0.CO;2
https://doi.org/10.1175/JCLI-D-19-0380.1
https://doi.org/10.5194/esd-13-231-2022
https://doi.org/10.5194/esd-13-231-2022
https://doi.org/10.1038/s41612-024-00762-7
https://doi.org/10.1007/s00382-023-06934-0

Journal of Atmospheric Science Research | Volume 09 | Issue 01 | January 2026

[8] Giannini, A., Saravanan, R., Chang, P., 2003. Oceanic
Forcing of Sahel Rainfall on Interannual to Interdecadal
Time Scales. Science. 302, 1027-1030. DOI: https:
//doi.org/10.1126/science.1089357

[9] Olusegun, C.F., Awe, O, ljila, I, et al., 2022. Evalua-
tion of dry and wet spell events over West Africa using
CORDEX-CORE regional climate models. Modeling
Earth Systems and Environment. 8, 4923—4937. DOI:
https://doi.org/10.1007/s40808-022-01423-5

[10] Tlori, O.W., Adeyewa, D.Z., 2025. Description of local
features associated with wet and dry spell events over
Guinea Coast of West Africa. Atmospheric Research.
323, 108181. DOI: https://doi.org/10.1016/j.atmosres
.2025.108181

[11] Wainwright, C.M., Black, E., Allan, R.P., 2021. Future
changes in wet and dry season characteristics in CMIP5
and CMIP6 simulations. Journal of Hydrometeorology.
22(9), 2339-2357. DOI: https://doi.org/10.1175/JH
M-D-21-0017.1

[12] Donat, M.G., Lowry, A.L., Alexander, L.V,, et al., 2016.
More Extreme Precipitation in the World’s Dry and Wet
Regions. Nature Climate Change. 6, 508-513. DOI:
https://doi.org/10.1038/nclimate2941

[13] Akobé, E.Y., Diawara, A., Yoroba, F., et al., 2024.
Trends in the Occurrence of Compound Extremes of
Temperature and Precipitation in Céte d’Ivoire. Atmo-
sphere. 16(1), 3. DOI: https://doi.org/10.3390/atmos1
6010003

[14] Konate, D., Didi, S.R., Dje, K.B., etal., 2023. Observed
changes in rainfall and characteristics of extreme events
in Cote d’Ivoire (West Africa). Hydrology. 10(5), 104.
DOI: https://doi.org/10.3390/hydrology 10050104

[15] Hlori, O.W., Balogun, I.A., 2022. Evaluating the per-
formance of new CORDEX-Africa regional climate
models in simulating West African rainfall. Modeling
Earth Systems and Environment. 8, 665-688. DOI:
https://doi.org/10.1007/s40808-021-01084-w

[16] Panthou, G., Lebel, T., Vischel, T., et al., 2018. Rain-
fall intensification in tropical semi-arid regions: The
Sahelian case. Environmental Research Letters. 13(6),
064013. DOI: https://doi.org/10.1088/1748-9326/aac3
34

[17] Nikulin, G., Jones, C., Giorgi, F., et al., 2012. Precipita-
tion Climatology in an Ensemble of CORDEX-Africa
Regional Climate Simulations. Journal of Climate. 25,
6057-6078. DOI: https://doi.org/10.1175/JCLI-D-1
1-00375.1

[18] Alexander, L.V., Zhang, X., Peterson, T.C., et al., 2006.
Global observed changes in daily climate extremes of
temperature and precipitation. Journal of Geophysi-
cal Research: Atmospheres. 111(D5), D05109. DOI:
https://doi.org/10.1029/2005JD006290

[19] Dosio, A., Jones, R.G., Jack, C., et al., 2020. What Can
We Know about Future Precipitation in Africa? Robust-
ness, Uncertainties and Added Value of Convection-

93

[22]

(23]

(24]

(28]

[29]

Permitting Models. Climate Dynamics. 53, 5833-5858.
DOT: https://doi.org/10.1007/s00382-019-04900-3
Chen, M., Shi, W., Xie, P,, et al., 2008. Assessing Objec-
tive Techniques for Gauge-Based Analyses of Global
Daily Precipitation. Journal of Geophysical Research.
113(D4), D04110. DOI: https://doi.org/10.1029/2007
JD009132

Huth, R., 2000. A circulation classification scheme
applicable in GCM studies. Theoretical and Applied
Climatology. 67, 1-18. DOI: https://doi.org/10.1023/A:
1005633925903

Tamoffo, A.T., Dosio, A., Amekudzi, L.K., et al., 2023.
Process-oriented evaluation of the West African Mon-
soon system in CORDEX-CORE regional climate mod-
els. Climate Dynamics. 60, 3187-3210. DOI: https:
//doi.org/10.1007/s00382-022-06502-y

Trisos, C.H., Adelekan, 1.O., Totin, E., et al., 2022.
Chapter 9: Africa. In: Portner, H.-O., Roberts, D.C.,
Tignor, M., et al. (Eds.). Climate Change 2022—Im-
pacts, Adaptation and Vulnerability: Working Group 11
Contribution to the Sixth Assessment Report of the In-
tergovernmental Panel on Climate Change. Cambridge
University Press: Cambridge, UK; New York, NY,
USA. pp. 1285-1455. DOI: https://doi.org/10.101
7/9781009325844.011

Joly, M., Voldoire, A., 2009. Influence of ENSO on the
West African Monsoon: Temporal Aspects and Atmo-
spheric Processes. Journal of Climate. 22, 3193-3210.
DOI: https://doi.org/10.1175/2008JCLI12450.1

Yapo, A.L.M., Kouassi, B.K., Diawara, A., et al., 2023.
Changes in the Seasonal Cycle of Heatwaves, Dry
and Wet Spells over West Africa Using CORDEX
Simulations. Atmosphere. 14(10), 1582. DOI: https:
//doi.org/10.3390/atmos 14101582

Seneviratne, S.I., Zhang, X., Adnan, M., et al., 2021.
Chapter 11: Weather and Climate Extreme Events in
a Changing Climate. In: Masson-Delmotte, V., Zhai,
P., Pirani, A., et al. (Eds.). Climate Change 2021: The
Physical Science Basis. Contribution of Working Group
I to the Sixth Assessment Report of the Intergovern-
mental Panel on Climate Change. Cambridge Univer-
sity Press: Cambridge, UK; New York, NY, USA. pp.
1513-1766. DOI: https://doi.org/10.1017/9781009157
896.013

Taylor, K.E., 2001. Summarizing Multiple Aspects
of Model Performance in a Single Diagram. Jour-
nal of Geophysical Research: Atmospheres. 106(D7),
7183-7192. DOL: https://doi.org/10.1029/2000JD9007
19

Szentimrey, T., Farago, T., Szalai, S., 1992. Window
technique for climate trend analysis. Climate Dynamics.
6, 127-134. DOL: https://doi.org/10.1007/BF00193524
Mann, H.B., 1945. Nonparametric Tests against Trend.
Econometrica. 13(3), 245-259. DOI: https://doi.org/10
.2307/1907187


https://doi.org/10.1126/science.1089357
https://doi.org/10.1126/science.1089357
https://doi.org/10.1007/s40808-022-01423-5
https://doi.org/10.1016/j.atmosres.2025.108181
https://doi.org/10.1016/j.atmosres.2025.108181
https://doi.org/10.1175/JHM-D-21-0017.1
https://doi.org/10.1175/JHM-D-21-0017.1
https://doi.org/10.1038/nclimate2941
https://doi.org/10.3390/atmos16010003
https://doi.org/10.3390/atmos16010003
https://doi.org/10.3390/hydrology10050104
https://doi.org/10.1007/s40808-021-01084-w
https://doi.org/10.1088/1748-9326/aac334
https://doi.org/10.1088/1748-9326/aac334
https://doi.org/10.1175/JCLI-D-11-00375.1
https://doi.org/10.1175/JCLI-D-11-00375.1
https://doi.org/10.1029/2005JD006290
https://doi.org/10.1007/s00382-019-04900-3
https://doi.org/10.1029/2007JD009132
https://doi.org/10.1029/2007JD009132
https://doi.org/10.1023/A:1005633925903
https://doi.org/10.1023/A:1005633925903
https://doi.org/10.1007/s00382-022-06502-y
https://doi.org/10.1007/s00382-022-06502-y
https://doi.org/10.1017/9781009325844.011
https://doi.org/10.1017/9781009325844.011
https://doi.org/10.1175/2008JCLI2450.1
https://doi.org/10.3390/atmos14101582
https://doi.org/10.3390/atmos14101582
https://doi.org/10.1017/9781009157896.013
https://doi.org/10.1017/9781009157896.013
https://doi.org/10.1029/2000JD900719
https://doi.org/10.1029/2000JD900719
https://doi.org/10.1007/BF00193524
https://doi.org/10.2307/1907187
https://doi.org/10.2307/1907187

Journal of Atmospheric Science Research | Volume 09 | Issue 01 | January 2026

[30]

[31]

[33]

[34]

[35]

Kendall, M.G., 1975. Rank Correlation Methods, 4th
ed. Charles Griffin: London, UK.

Yue, S., Wang, C.Y., 2004. The Mann-Kendall Test
Modified by Effective Sample Size to Detect Trend
in Serially Correlated Hydrological Series. Water Re-
sources Management. 18, 201-218. DOI: https://doi.or
2/10.1023/B:WARM.0000043140.61082.60

Pettitt, A.N., 1979. A Non-Parametric Approach to the
Change-Point Problem. Journal of the Royal Statistical
Society: Series C (Applied Statistics). 28(2), 126—135.
DOI: https://doi.org/10.2307/2346729

Folland, C.K., Palmer, T.N., Parker, D.E., 1986. Sahel
Rainfall and Worldwide Sea Temperatures, 1901-85.
Nature. 320, 602—607. DOI: https://doi.org/10.1038/
320602a0

Fontaine, B., Janicot, S., Moron, V., 1995. Rainfall
Anomaly Patterns and Wind Field Signals over West
Africa in August (1958—1989). Journal of Climate. §(6),
1503-1510. DOI: https://doi.org/10.1175/1520-044
2(1995)008%3C1503:RAPAWF%3E2.0.CO;2
Rodriguez-Fonseca, B., Janicot, S., Mohino, E., et al.,
2011. Interannual and Decadal SST-Forced Responses
of the West African Monsoon. Atmospheric Science
Letters. 12, 67-74. DOI: https://doi.org/10.1002/as1.30
8

94

[36]

[37]

[38]

[39]

[40]

Fitzpatrick, R.G.J., Bain, C.L., Knippertz, P, et al.,
2015. The West African Monsoon Onset: A Concise
Comparison of Definitions. Journal of Climate. 28(22),
8673-8694. DOI: https://doi.org/10.1175/JCLI-D-1
5-0265.1

Chen, B., Zhang, L., Wang, C., 2024. Distinct Impacts
of the Central and Eastern Atlantic Nifio on the Eu-
ropean Climate. Geophysical Research Letters. 51(2),
€2023GL107012. DOI: https://doi.org/10.1029/2023
GL107012

Kendon, E.J., Ban, N., Roberts, N.M., et al., 2017.
Do Convection-Permitting Regional Climate Models
Improve Projections of Future Precipitation Change?
Bulletin of the American Meteorological Society. 98(1),
79-93. DOI: https://doi.org/10.1175/BAMS-D-15-0
004.1

Kalognomou, E.-A., Lennard, C., Shongwe, M., et
al., 2013. A Diagnostic Evaluation of Precipitation in
CORDEX Simulations over Southern Africa. Journal
of Climate. 26(23), 9477-9506. DOI: https://doi.org/
10.1175/JCLI-D-12-00703.1

Richter, 1., Tokinaga, H., Li, T., 2021. Revisiting the
Tropical Atlantic Influence on El Nifio-Southern Os-
cillation. Journal of Climate. 34(21), 8533—8548. DOI:
https://doi.org/10.1175/JCLI-D-21-0088.1


https://doi.org/10.1023/B:WARM.0000043140.61082.60
https://doi.org/10.1023/B:WARM.0000043140.61082.60
https://doi.org/10.2307/2346729
https://doi.org/10.1038/320602a0
https://doi.org/10.1038/320602a0
https://doi.org/10.1175/1520-0442(1995)008%3C1503:RAPAWF%3E2.0.CO;2
https://doi.org/10.1175/1520-0442(1995)008%3C1503:RAPAWF%3E2.0.CO;2
https://doi.org/10.1002/asl.308
https://doi.org/10.1002/asl.308
https://doi.org/10.1175/JCLI-D-15-0265.1
https://doi.org/10.1175/JCLI-D-15-0265.1
https://doi.org/10.1029/2023GL107012
https://doi.org/10.1029/2023GL107012
https://doi.org/10.1175/BAMS-D-15-0004.1
https://doi.org/10.1175/BAMS-D-15-0004.1
https://doi.org/10.1175/JCLI-D-12-00703.1
https://doi.org/10.1175/JCLI-D-12-00703.1
https://doi.org/10.1175/JCLI-D-21-0088.1

	Introduction
	Data and Methods
	Data
	Methods
	Model Evaluation
	Trend and Change-Point Diagnostics

	Results
	Evaluation of Model Performance
	Historical Rainfall Variability (1979–2022)
	Historical Characteristics of Dry and Wet Episodes (1976–2005)
	Summary of Projected Changes

	Discussion
	Conclusions

