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Abstract Unraveling plausible future rainfall change (ΔPr) patterns is crucial for tailoring societies'
responses to climate change‐induced hazards. This study compares rainfall projections from the regionally
coupled ocean model (ROM) and its atmospheric component, the regional atmospheric model REMO, over
Central Equatorial Africa (CEA). Both models are forced by the Earth system model MPI‐ESM‐LR following
the Representative Concentration Pathway 8.5. Results reveal increased rainfall across most of CEA, with ROM
projecting more widespread and intensified wetting than REMO, although REMO produces more precipitation
under future conditions, underscoring the influence of historical biases on REMO's projection. Examining
processes underpinning changes unveils strong controls of sea and land surface temperature changes in ΔPr
differences between the two models. Specifically, ROM mitigates warming more over the Atlantic than over
CEA landmass compared to REMO, inducing enhancement of the Congo Basin cell and increased precipitable
water content through specific humidity, affecting deep convection. Both models project enhanced Sahel and
Kalahari thermal lows, with ROM better depicting the Kalahari low's warmer nature than the Sahel low. The
resulting temperature gradients strengthen the northern and southern shallow meridional Hadley overturning
circulation. ROM simulates the wetter conditions than REMO, attributed to its weaker northern Hadley Cell,
which restricts the likelihood of northward moisture divergence toward the Sahel. Additionally, differences in
mid‐tropospheric moisture convergence differentiate between ROM and REMO's wetness relative to the
historical period and under future conditions. ROM projections are more plausible, in association with the
reliability of its added value under the historical climate and mechanisms underlying Δpr.

Plain Language Summary Discriminating models that project plausible rainfall change signals
become increasingly necessary in a context where climate information surrounding future rainfall patterns is
fraught with important uncertainties. It is not always straightforward to differentiate plausible projected changes
from imperfect simulations as climate models are approximated solutions to mathematical and physical
differential equations often solved with limited orders. One of the suggested approaches involves process‐based
assessments of projections. This approach requires that for example, rainfall change patterns must be
underpinned by plausible mechanisms of change. A mechanism of change is plausible when it is identifiable in
observational or reanalysis data sets. We applied such a method over Central Equatorial Africa using the
regionally coupled ocean model (ROM) and its uncoupled version, the regional climate model REMO. The
results show that projections based on ROM are more plausible thanks to a better depiction of the atmospheric
baroclinicity associated with rainfall changes.

1. Introduction
The fitness of climate models for future projections relies on their representation of the relevant physical
mechanisms' underpinning changes. This discriminatory criterion is currently very relevant due to the increasing
availability of future climate data produced by various institutions or climate modeling groups. Climate change
signals in precipitation vary from model to model and are sometimes contrasting (Dosio et al., 2021), highlighting
uncertainties that may be broader than the change signal itself (Dosio et al., 2020; Pokam et al., 2018). This
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assertion holds particular relevance over regions such as Central Equatorial Africa (CEA), where climate models
are less constrained by observational records and exhibit large differences in their climatology (Washington
et al., 2013). The sources of uncertainty in models' projections are diverse. They may encompass aspects such as
the structure of Earth system models (ESMs) or regional climate models (RCMs), future greenhouse gas emis-
sions, models' parameterization, internal variability of the climate system, and the configuration of the models,
including their coupling with other Earth system components (Kay et al., 2008; Kirtman et al., 2013; Laux
et al., 2021; Zhou et al., 2020). Distinguishing models that project plausible future changes is therefore crucial to
support decision‐makers in tailoring efficient disaster preparedness, adaptation planning, and mitigation strate-
gies (Laux et al., 2021). To some extent, the survival of the forest ecosystem in the Congo Basin (Vizy et al., 2023)
relies on the reliability of climate information needed for informing societal responses.

Many studies have addressed the question of how to discriminate between plausible climate change signals
simulated by models. In this regard, they have proposed process‐oriented analysis protocols (e.g., James
et al., 2015, 2018; Neelin et al., 2023). In advance, it's not evident that a model simulates the exact observed
climatology, especially in terms of magnitude. This is especially true since the output variables of a model are
mostly approximate solutions to mathematical and physical differential equations. However, at the very least, one
should demand that a model represents the climatology of a region in accordance with the physical processes
underlying the (regional) climate system. This requirement helps in eliminating RCMs that add value for the
wrong reasons, that is, improvements in rainfall climatology are not associated with enhancements in underlying
mechanisms (Tamoffo et al., 2020). Such models would lack sensitivity to external forcings and, therefore, would
not be appropriate to project future climates, where high sensitivity is needed to detect signals of climate change
related to anthropogenic forcings (Rowell et al., 2015). A model that accurately simulates a credible historical
rainfall system (i.e., where modelled underlying rainfall climatology's drivers are also present in reanalysis or
observational data) is more likely to simulate a plausible future rainfall system (James et al., 2015; King
et al., 2020). Afterward, investigating the physical processes' underpinning changes helps shed light on the
plausibility of projections. A plausible rainfall change pattern is driven by plausible mechanisms (i.e., processes
underlying rainfall change can be identified in reanalysis or observational data). When the mechanisms driving
rainfall changes are different from those governing the observed climatology, this casts doubt on projections.

Few studies have attempted to differentiate between plausible and implausible future projections over equatorial
Africa, with most focusing on stand‐alone atmospheric RCMs (e.g., James et al., 2015; Tamoffo, Akinsanola, &
Weber, 2023) and ESMs from various phases of the Coupled Model Intercomparison Project (CMIP; Creese,
Washington, & Jones, 2019; Creese, Washington, & Munday, 2019; James et al., 2015; Monerie et al., 2016,
2020). For instance, the process‐based analysis helped discredit the drying trend signal as modelled by RCMs and
GCMs over West Africa (James et al., 2015). The projected changes in the atmospheric circulation associated
with the drying trend were not present in reanalyses. Similarly, over the eastern Congo Basin, the projected drier
conditions by historically dry CMIP5 models were found doubtful due to the misrepresentation of the northern
component of the African Easterly Jet (AEJ) during the historical period, resulting in projections of a different
wetting pattern (Creese, Washington, & Munday, 2019). Tamoffo, Akinsanola, and Weber (2023) also reported
doubtful West African monsoon rainfall change‐related shift in AEJ, linked to a misrepresentation of the baseline
structure of the vertical profile of the zonal circulation simulated by the regional model version 4 (RegCM4).
Given the wide spectrum of physical processes sustaining CEA's rainfall system, numerous other mechanisms can
aid in diagnosing the plausibility of projections, as presented in Section 2.

As aforementioned, uncertainties in a region's projections can also arise from the way models are configured to
simulate the climate system. Notably, some studies showed that regional climate systems with strong air‐sea
interactions are better represented by Regional Earth System Models (RESMs), that is, RCMs coupled with,
for instance, an ocean model, than their stand‐alone atmospheric counterpart (Paxian et al., 2016; Ratnam
et al., 2015; Sein et al., 2015; Zou & Zhou, 2016). In this perspective, a preliminary study by Weber et al. (2022)
revealed that coupling the atmosphere‐only RCM REMO with the global Max Planck Institute for Meteorology
Ocean Model (MPIOM) leads to improvements in the representativeness of precipitation over Sub‐Saharan
Africa regions. Additionally, the resulting regionally coupled ocean‐atmosphere model (Regional Ocean
Model, ROM) also modifies climate change signals in rainfall indices, including strengthening, weakening, or
even sign reversal. Tamoffo, Weber, Cabos, Sein, et al. (2024) recently scrutinized the plausibility of the ROM's
added value compared to REMO over CEA during the September‐November (SON) rainiest season. They found
that ROM improves the precipitation climatology for the right reasons: indeed, the explicit representation of the
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ocean results in a substantial reduction of warm sea surface temperature (SST) biases often simulated by CMIP
models over the eastern equatorial Atlantic Ocean (Creese & Washington, 2018). Subsequently, improvements in
SSTs lead to enhancements in air‐sea interactions through better representations of surface thermal and pressure
gradients. In response, the representation of the regional atmospheric circulation is ameliorated, and thus, the
associated rainfall climatology improves.

The present study aims to complement the former study by Tamoffo, Weber, Cabos, Sein, et al. (2024) in
examining the plausibility of projections as simulated by ROM compared to REMO. The main objective of this
study is to determine which of the two models (REMO vs. ROM) projects the most plausible changes in pre-
cipitation over CEA. We assume that whether the global ocean model MPIOM simulates more realistic SSTs in
ROM than the prescribed SSTs from the driving ESM in REMO under historical climate conditions, a similar
situation may be evident in future projections. Therefore, under a future climate with increased warming, we
hypothesize that the coupled model ROM may better simulate atmospheric baroclinicity than the uncoupled
model REMO, leading to a more confident representation of rainfall changes. As mentioned above, the reliability
of each model's rainfall changes will be deduced from its ability to simulate the major physical mechanisms
underlying these changes.

The remainder of the paper is structured as follows: Data and metrics used to diagnose mechanisms are described
in Section 2 and changes in the CEA rainfall in ROM and REMO models are presented in Section 3. Physical
processes and underlying mechanisms associated with rainfall changes are shown in Sections 4 and 5 discusses
and summarizes the document.

2. Data and Methods
2.1. Data

The simulation data used in this study are products of the regionally coupled ocean‐atmosphere model ROM (Sein
et al., 2015) and its uncoupled counterpart REMO (Jacob, 2001; Jacob et al., 2001), which is similar to its 2015
version (REMO2015; Jacob et al., 2012). The regionally coupled model ROM consists of a global ocean–sea ice
model (MPIOM; Jungclaus et al., 2013) coupled with a regional atmospheric model (REMO) and a global
terrestrial hydrology model (HD). REMO, the atmospheric component of ROM, is a regional model with a
dynamical core based on the Europa‐Model of the German Weather Service (Majewski, 1991), and its physical
parameterizations are derived from the global climate model ECHAM (Roeckner et al., 1996, 2003). For this
study, the REMO domain includes Africa, parts of the Indian Ocean, and the Mediterranean region, with a
resolution of 25 km. The MPIOM configuration used in this version of ROM places the grid poles over North
America and northwestern Africa. Its horizontal resolution reaches approximately 10 km near western Africa and
is gradually decreasing to 100 km in the southern oceans. The model includes 40 vertical levels, with thickness
increasing toward the ocean floor. The global MPIOM domain is divided into a coupled subdomain, where the
ocean and atmosphere interact, and an uncoupled region where the ocean model is driven by the Max Planck
Institute Earth System Model lower resolution (MPI‐ESM‐LR; Giorgetta et al., 2013) atmospheric data without
feedback (see Figure 1). This configuration allows for high model resolution in the coupled subdomain in a
computationally efficient manner. The coupling interval between the ocean and atmosphere is 3 hr. Lateral at-
mospheric and upper ocean boundary conditions outside the coupled domain are also provided by the global
driving model. We explored the sensitivity of the model results to changes in the parameterization of large‐scale
precipitation. Since the results of these sensitivity experiments do not alter our main conclusions, we do not
present them here.

For initialization, the ocean model underwent a two‐cycle spin‐up, forced by the 1958–2002 ERA‐Interim data,
totaling 90 years. At the start of the spin‐up, the ocean was at rest, with its temperature and salinity initialized from
the Levitus January climatology. Over these 90 years, the ocean velocities, salinity, and temperature in MPIOM
adjusted, reaching a state of quasi‐equilibrium, particularly in the upper ocean layers. The subsequent spin‐up of
the coupled reanalysis‐ and ESM‐forced runs continued from the final state of the forced MPIOM run. The ESM‐
forced experiment setup then underwent further spin‐up using MPI‐ESM‐LR forcing data starting from 1950.
Meanwhile, the reanalysis‐forced simulation was forced by reanalysis data from ERA40 (1958–1980) and ERA‐
Interim (1981–2002).
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During the coupled spin‐up, special attention was given to the prolonged thermohaline and dynamical adjust-
ments, particularly in the deeper ocean layers. The reanalysis‐forced run underwent its spin‐up first with ERA‐
Interim, followed by ERA40, as the warming trend observed during the 1981–2002 run made it unsuitable as the
initial state for the production run. Instead, the ROM‐reanalysis production run commenced from a state closer to
observed conditions. The impact of forcing changes was considered insignificant after 1 or 2 years, particularly in
SSTs. Therefore, the production run for both setups commenced when the initial state reached quasi‐equilibrium,
with ROM‐reanalysis simulation starting from a realistic initial state, despite limitations in discarding the initial
years.

As demonstrated by Paxian et al. (2016) in the context of decadal predictions, and by Sein et al. (2015), Cabos
et al. (2017), Tamoffo, Weber, Cabos, Sein, et al. (2024), and Tamoffo, Weber, Cabos, Monerie, et al. (2024) for
historical simulations, the Atlantic SST bias is significantly reduced in coupled regional simulations. This
reduction is attributed to the representation of fine‐scale air‐sea interactions at high atmospheric and oceanic
resolutions, which improve the deficient winds in GCMs, enhance surface ocean currents, intensify the cold water
upwelling of the Benguela Current, and reduce the southward extension of the warm Angola Current. Conse-
quently, the simulated ITCZ remains in its observed position over the northern Guinea Coast.

The primary distinction between REMO and ROM lies in the source of SSTs. In REMO simulations, SSTs are
prescribed by MPI‐ESM‐LR, while in ROM, SSTs are generated by the oceanic component of the global ocean
model MPIOM. REMO is thus influenced by biased SSTs inherited from the driving ESM MPI‐ESM‐LR,
whereas ROM has the potential to simulate SSTs more accurately than MPI‐ESM‐LR, particularly in regions
distant from the boundaries of the coupling domain (Sein et al., 2014), such as CEA. An important consequence is
the expectation of changes in surface heat and momentum fluxes between ROM and REMO (Cabos et al., 2020),
potentially leading to modifications in low‐level cloud fraction through alterations in the boundary layer turbulent
mixing (Sherwood et al., 2014; Vial et al., 2016). The choice of the driving ESM is motivated by the consistencies
between the downscaling tool and the forcing fields. Indeed, ROM and MPI‐ESM‐LR share the same ocean
component, which is MPIOM. Similarly, REMO and ROM are both based on the same physical parameterizations
and dynamical core as ECHAM, the latter being the atmospheric component ofMPI‐ESM‐LR (Jacob et al., 2012).

Figure 1. The coupling area (red box) is displayed along with the topography of the domain (m) from NASAGTOPO30. Also
shown is the Central Africa region (black box).
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Historical simulations span from 1950 to 2005 and are based on observed natural and anthropogenic greenhouse
gas (GHG) concentrations. Projections extend from 2050 to 2099 and are influenced by the high‐emission
Representative Concentration Pathway 8.5 (RCP8.5; van Vuuren et al., 2011). RCP8.5 corresponds to CO2

equivalent emissions of around >1,370 ppm at the end of the century. Although the sixth assessment report (AR6)
of the Intergovernmental Panel on Climate Change (IPCC) may consider the likelihood of RCP8.5 as “low” (but
not ruled out; Lee et al., 2021), we chose to focus our analysis on RCP8.5. This choice allows us to maximize the
projected precipitation changes, which, at lower emission scenarios, may be masked by internal variability (e.g.,
Doblas‐Reyes et al., 2021).

2.2. Methods

We start our analyses by characterizing rainfall change patterns (ΔPr) as simulated by each model between the
late twentieth and late twenty‐first century over CEA (defined as 10°S–10°N; 10°–30°E, see black box in
Figure 1). In doing so, we also examined the spatiotemporal changes in the mean seasonal position of the rain‐
band. This helps elucidate whether ΔPr patterns simulated by each model are associated with a shift in the
location of the rain‐band due to global warming (indicating a prevalence of dynamic factors driving changes) or,
alternatively, if the ΔPr patterns are primarily linked to changes in precipitation magnitude. The latter scenario
suggests a dominance of thermodynamic factors driving changes (Monerie et al., 2020). The zonal mean position
of the rain‐band is determined using the barycentre theorem, as defined in d'Orgeval (2008), as follows:

G(t) =
∑
n

i=1
yiPi

∑
n

i=1
Pi

(1)

where Pi is precipitation at latitude yi. The barycentre G is computed for each time step t.

The analysis of the Probability Density Functions (PDFs) helps to elucidate whether warming does not alter the
monthly precipitation characteristics over the late 21st century. For this purpose, we utilized the Gamma dis-
tribution (Band et al., 2022; Lloyd‐Hughes & Saunders, 2002) following the expression in Equation 2:

f (Pi) =
1

βαΓ(α)
Piα− 1e− Pi/β for Pi > 0 (2)

where α> 0 is the shape parameter, β> 0 is the scale parameter, Pi > 0 is the rainfall amount, and Γ(α) the Gamma
function. PDFs based on observational data from CHIRPS2 (Funk et al., 2015), GPCC.v2020 (Schneider
et al., 2022), CRU.ts4.05 (Harris et al., 2020), and from the reanalysis ERA5 (Hersbach et al., 2020) are also
included in the analysis to gain insight into which model projects a plausible distributed rainfall pattern.

Afterward, processes associated with ΔPr patterns are diagnosed. We first look at both REMO and ROM pro-
jected changes in SSTs (ΔSST ) and surface temperatures (ΔTs) on the one hand, and then changes in sea level
pressure (ΔSLP) and surface pressure (ΔSP) on the other. Changes in SSTs and Ts can potentially impact the
regional hydrological cycle, either enhancing or weakening it (Seager et al., 2010; Seneviratne et al., 2010).
Additionally, alterations in SSTs, Ts, SLP, and SP influence zonal and meridional circulation by modifying
surface thermal and pressure contrasts and gradients. Therefore, we compute the land‐ocean thermal (∇T) and
pressure (∇P) contrasts for both historical and future periods for each model. Thermal and pressure contrasts are
respectively calculated as the differences between land Ts and ocean SSTs, and land surface pressure (SP) and
ocean sea level pressure (SLP). These differences are computed between the interior of the continent (15°–30°E;
10°S–5°N) and the eastern Atlantic Ocean (0°–10°E; 0–10°S). The pair (∇T, ∇P) serves as a precursor to a zonal
shallow overturning and counterclockwise circulation over the Congo Basin, known as the Congo Basin cell
(Longandjo & Rouault, 2020). In turn, the Congo Basin cell influences the precipitable water, regulating deep
convection (Longandjo & Rouault, 2023). We therefore investigated changes in the Congo Basin cell as projected
by each model. For this purpose, the water vapor mass transported within the mean zonal circulation is estimated
using the zonal mass‐weighted stream functions (Ψz; e.g., Stachnik & Schumacher, 2011), following the equation:
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ΨZ( p) =
2πR
g
∫

P

sp

[u] dp (3)

where R is the Earth's radius [m], g is the constant of gravity, SP the surface pressure, P ∈ [1,000, 500 hPa], and
the operator [u] symbolizes the meridional average of the zonal wind. The Congo Basin cell is delineated by the
contour ΨZ = 0, indicating the commencement of negative stream functions (ΨZ < 0) characteristic of the cell.
Considering that the surface meridional temperature gradient forces the middle‐level circulation over CEA (Kuete
et al., 2019), we also examine how this gradient will respond to the warming as simulated by each model.
Subsequently, changes in middle‐level circulation are explored through the AEJ. Here, we focus on the mean
intensity and latitudinal migration of the jet's northern (AEJ‐N) and southern (AEJ‐S) components. The features
of the jet are well‐known, as described by Nicholson and Grist (2003) and Kuete et al. (2019). Broadly, AEJs are
defined as mid‐tropospheric (700–600 hPa) easterly winds with a speed exceeding 6 m/s. The AEJ‐N component
lies within latitudes 0°–15°N and is active all year round, while the AEJ‐S component lies within latitudes 0°–
10°S and is active only during SON.

Previous studies (e.g., Jackson et al., 2009) posited that SON is the rainiest season over CEA due to the activation
of both AEJ‐N and AEJ‐S branches during this time of year, which intensifies mass convergence in the middle
layers, increasing the number of mesoscale convective systems (MCSs). A recent work by Longandjo and
Rouault (2023), instead, showed that over Central Africa, a shallow meridional overturning circulation de-
termines rainfall seasonality. These authors found that shallow and deep Hadley cells coexist within the region
throughout the year. While the deep cell serves as an engine of energy transport from the equator toward the poles,
the shallow cell features a shallow meridional circulation, with its moisture transport disappearing and converging
in the mid‐troposphere rather than at the lower troposphere. They reported a weak contribution of moisture
convergence emanating from AEJs. To ascertain whether such a process plays a role in shaping ΔPr patterns, we
diagnose changes in the meridional circulation using meridional mass‐weighted stream functions, as described by
the following equation (Stachnik & Schumacher, 2011):

ΨM( p) =
2πR cos(ϕ)

g
∫

P

sp

[v] dp (4)

where ϕ denotes latitudes, P ∈ [1,000, 100 hPa], while the operator [v] symbolizes a zonal average of the
meridional wind.

It is established that the seasonal cycle of rainfall correlates with that of moisture flux convergence [∇ · (qV)] over
CEA (Pokam et al., 2012). Similarly, the seasonal cycle of ∇ · (qV) mirrors that of the shallow meridional circu-
lation (Longandjo & Rouault, 2023). Consequently, a plausible ΔPr pattern is essentially conditioned by a plau-
sible change in ∇ · (qV). In a given region, ∇ · (qV) can be split into two terms: the moisture advection term (V∇ ·q)
and the moisture convergence term (q∇ · V) so that:

∇ · (qV) = V∇ · q + q∇ · V (5)

Consistently, Cook and Vizy (2021) and Longandjo and Rouault (2023) showed that the second term on the right
side of Equation 5 (q∇ · V) prevails in ∇ · (qV) over CEA and is responsible for uplift from the mid‐troposphere
rather than from lower layers. We hypothesize that changes in q∇ · V should also prevail over changes in V∇ · q,
contributing to the overall changes in ∇ · (qV).

The climate change signal (hereafter Δ) in atmospheric fields is estimated following the equation:
Δ= (.)future − (.)historical where the historical period spans from 1971 to 2000 for the late twentieth century, and the
future covers the period from 2070 to 2099 for the late twenty‐first century.
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3. REMO Versus ROM: Rainfall Changes
Figure 2 illustrates the spatial pattern of projected rainfall changes (ΔPr) as simulated by ROM (Figure 2a) and
REMO (Figure 2b). Additionally, the difference (ROM minus REMO) in future conditions is also presented in
Figure 2c to provide insight into the effect of the coupling under enhanced global warming conditions, regardless
of historical conditions. Consistently, both ROM and REMO indicate that most areas over CEA will moisten
(ΔPr > 0; 72% and 66% of the total CEA's area, respectively). However, there are exceptions, with a few grid
points over the West and South West in ROM, over the coastline and in the core of the Congo Basin in REMO,
where drier conditions (ΔPr < 0) are expected (27% and 33% of the total CEA's area, respectively). In terms of
magnitude (Figure S1 in Supporting Information S1), ROM simulates an enhanced mean regional rainfall change
of +0.59 mm/day while REMO simulates about half, that is, +0.30 mm/day. Therefore, ROM projects more
regionally widespread and stronger wetting in the future than REMO. Furthermore, the coupled model ROM
simulates a more pronounced increase in future precipitation compared to its historical period than the uncoupled
model REMO. However, REMO shows a higher future precipitation amount than ROM. Notably, REMO's
historical rainfall is closely aligned with its projection. This suggests that the historical rainfall bias in REMO, as

Figure 2. Future (2070–2099) minus historical (1971–2000) mean SON seasonal rainfall changes (ΔPr, in mm/day), for
(a) ROM and (b) REMO. Panel (c) displays the difference ROM minus REMO under the future period (2070–2099).
Contours indicate the extent of the rain‐band (i.e., precipitation larger than 3 mm/day) under the historical (black) and future
(blue and red). The stippling highlights the grid points where the difference future (2070–2099) minus historical (1971–
2000) of the data set under consideration (a and b) or the ROM minus REMO difference (c) is statistically significant at 95%
confidence level using the Student's t‐test. The black box denotes CEA.
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demonstrated in Tamoffo, Weber, Cabos, Sein, et al. (2024), significantly influences its projected climate change
signal. This result is substantiated by the fact that, although the precipitation increase of ROM is stronger over
time than in REMO, the coupled version projects lower rainfall amounts under future conditions than the
uncoupled one (Figure 2c and Figure S1 in Supporting Information S1).

We further examined intraseasonal ΔPr patterns, as depicted in Figure 3. A prevailing drying, not anticipated
from Figure 2, is highlighted throughout the southern side of the rain‐band during SON, consistently simulated by
both ROM (Figure 3a) and REMO (Figure 3b). This drying is associated with a northward shift of the southern
side of the rain‐band. On the northern side, both models indicate that the rain‐band edge is simulated to be south of
its historical position, leading to drying in September. The reverse situation is expected in November, leading to
wetting, while no substantial change is projected in October, in association with consistencies between historical
and future rain‐band positions. This suggests a narrowing of the rain‐band, potentially leading to consequences
such as the shrinking of the Congo rainforest and, consequently, the southward expansion of Sahelian conditions
(Thomas &Nigam, 2018; Vizy et al., 2023). Both ROM and REMO exhibit superposed historical and future mean

Figure 3. Latitude‐time cross sections of the future (2070–2099) minus historical (1971–2000) annual cycle of rainfall
changes (ΔPr, in mm/day), for (a) ROM and (b) REMO. Panel (c) displays the difference ROM minus REMO under the
future period (2070–2099). Dashed line contours indicate the extent of the rain‐band (i.e., precipitation larger than 3 mm/
day) under the historical (forestgreen for (a) ROM and black for (b) REMO) and future (blue for (a) ROM and red for
(b) REMO). The solid contours denote the mean monthly rain‐band locations under the historical (forestgreen for (a) ROM
and black for (b) REMO) and future (blue for (a) ROM and red for (b) REMO). The stippling highlights the grid points where
the difference future (2070–2099) minus historical (1971–2000) of the data set under consideration (a‐(b) or the ROM minus
REMO difference (c) is statistically significant at 95% confidence level using the Student's t‐test. The horizontal dashed bars
limit CEA's latitudes while vertical dashed bars denote the SON season.
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monthly rain‐band positions (the barycentre). Similarly, the two models
display superposed future mean monthly rain‐band positions.

Based on the aforementioned results, the following stepwise conclusions can
be drawn: (a) the north‐south shifts, albeit slight, in the northern and southern
edges' positions of the rain‐band between the historical and future periods as
simulated by the two models presage an influence of dynamic processes on
the ΔPr patterns. (b) However, both models concur that the monthly mean
positions of the rain‐band (barycentre) will not undergo substantial changes
between the historical and future periods, arguing for a modulating effect of
thermodynamic processes. Therefore, both dynamic and thermodynamic
processes would co‐contribute to shaping ΔPr patterns, which aligns with
previous work by Creese, Washington, and Jones (2019) and Tamoffo, Dosio,
et al. (2023). Notably, the second stepwise conclusion suggests a prevalence
of thermodynamics over dynamic drivers.

Figure 4 displays the PDFs of CEA's precipitation from both ROM and
REMO models under both historical and future periods. At first sight, the two
models simulate similar distributions between the historical and future pe-
riods. However, REMO generally exhibits wider distributions and lower
peaks than ROM under both periods indicating more heavy precipitation
events. This aligns with the general tendency of CORDEX‐CORE RCM to
overestimate precipitation during SON in Central Africa (Bangelesa
et al., 2023). ROM and REMO show an enhanced distribution under global
warming, but the shapes of distributions based on ROM are closer to those of
observations than those based on REMO. Specifically, ROM's distribution

during the historical climate closely matches observations, while its projection aligns with ERA5. The change
over time, thus, lies within the range of observational or reanalysis data sets' uncertainty. Conversely, REMO
consistently features different distributions compared to both observations and the reanalysis over the two
periods.

We previously noted that the model's historical rainfall bias strongly influences its ΔPr patterns. Indeed, REMO,
which historically experiences more rainfall than ROM, continues to do so in the future, but contrastingly, ROM
expects a stronger mean regional ΔPr than REMO (Figure S1 in Supporting Information S1). There is also a
strong relationship between the historical and future annual precipitation cycles as modeled by the two RCMs,
with ROM featuring a correlation of r = 0.97 and REMO exhibiting r = 0.98 (Figure S2a in Supporting Infor-
mation S1). Similarly, ROM strongly correlates with REMO in the historical and future annual cycles (Figure S2b
in Supporting Information S1). This suggests that the changes induced by warming have not disrupted the sea-
sonality of precipitation; instead, they may have amplified or attenuated its magnitude. A direct consequence is
that the physical processes underpinning ΔPr patterns may then be investigated within the large spectrum of
mechanisms underlying historical climatology. Additionally, the fact that ROM adds value over REMO in his-
torical climatology (Tamoffo, Weber, Cabos, Sein, et al., 2024) advocates, hypothetically, the reliability of its
ΔPr pattern. To shed light on which model projects a plausible ΔPr pattern, we examine the drivers of rainfall
changes in the next section.

4. Mechanisms of Rainfall Changes
It is worth noting that a thorough process‐based evaluation of the added value resulting from both models has been
conducted in a previous study by Tamoffo,Weber, Cabos, Sein, et al. (2024), and the findings strongly support the
superiority and greater credibility of ROM compared to REMO. However, the fundamental question of which
model, ROM or REMO, projects more plausible future ΔPr patterns, and what factors contribute to the difference,
remains unanswered. Additionally, it is crucial to understand whether the mechanisms responsible for the dif-
ference between ROM and REMO in ΔPr patterns are plausible before siding with either model (James
et al., 2015). Hence, in this section, we aim to explore the regional and local‐scale contexts underlying various
ΔPr patterns as modeled by ROM and REMO.

Figure 4. Probability Density Functions (PDFs) of monthly precipitation
(mm/day) from observations (solid lines) CRU.ts4.05 (cyan), GPCC.v2020
(orange) and CHIRPS2 (purple), reanalysis ERA5 (green) as well as from
REMO and ROM runs (dashed lines) under the historical period (black and
dark‐green, respectively) and future period (red and blue, respectively).
Historical simulations cover 1971–2000 and the future 2070–2099.
Observations and the reanalysis ERA5 are used from 1980 to 2000 except
CHIRPS2 which covers the period 1981–2000.
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4.1. Sea‐Surface and Land‐Surface Condition Changes

Variability in SSTs is an important factor of precipitation variability over CEA through direct and indirect tel-
econnections (Nicholson & Dezfuli, 2013). Moreover, the influence of SST anomalies on precipitation is
seasonally dependent, sometimes leading to contradictory effects from one season to the next (Balas et al., 2007).
However, Creese and Washington (2018) emphasized a direct relationship between eastern equatorial Atlantic
SSTs and rainfall over the Congo Basin, as simulated by CMIP5 GCMs. They demonstrated that models
exhibiting strong wetness over western CEA also simulate a pronounced warm SST bias and a high evaporation
rate over the ocean, resulting in elevated local convection. The findings in Figure 5 and Figure S3 in Supporting

Figure 5. Changes (2070–2099 minus 1970–2000) in the climatology of mean seasonal SON sea‐surface temperatures (ΔSST in °C; left column) and land‐surface
temperatures (ΔTs in °C; right column) from ROM (1st row) and REMO (2nd row). Also shown is the future (2070–2099) difference (ROM minus REMO; 3rd row).
The stippling highlight the grid points where the difference future (2070–2099) minus historical (1971–2000) of the data set under consideration (1st and 2nd rows) or
the ROM minus REMO difference (third row) is statistically significant at 95% confidence level using the Student's t‐test. The black boxes indicate the CEA.
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Information S1 align with these previous results. Indeed, Figure 5 shows that both ROM and REMO project
enhanced SST warming over the oceans, with the mean seasonal warming level reaching ΔSST = 2.48°C for
ROM and ΔSST = 2.71°C for REMO over the eastern equatorial Atlantic Ocean (20°W–10°E; 5°N–20°S). In
comparison to the historical period, the coupled model ROM lowers the degree of warming by ΔSST = − 0.23°C
compared to REMO. Under future conditions, ROM further weakens SSTs by − 1.67°C compared to REMO.
Similarly, inland and relative to the historical period, both ROM and REMO anticipate a regional change signal of
ΔTs = 3.96°C and ΔTs = 4.10°C, respectively. Once again, ROM mitigates the level of warming compared to
REMO by a value of ΔTs= − 0.14°C. Under future conditions, ROM reduces Ts by a value of − 1.23°C compared
to REMO.

Figure S3 in Supporting Information S1 unveils that the direct response of warming SSTs is enhanced evaporation
(ΔE > 0) over the oceans. REMO, which simulates stronger warming SSTs than ROM, also projects a higher
evaporation increase. Inland, the two RCMs simulate ΔE patterns somewhat similar to ΔPr patterns. Relative to
the historical period, ROM expects a mean regional increase in evaporation of 0.22 mm/day while REMO shows
0.18 mm/day. Under future conditions, the ROM minus REMO difference reveals a deficit of − 0.23 mm/day on
the part of ROM, in association with the lower warming degree projected by this coupled model (Figure 5). Thus,
compared to the historical period, the experiment projecting a higher ΔPr (ROM) also projects higher ΔE.
Similarly, under future conditions, the simulation featuring a higher rainfall amount also shows a higher evap-
oration amount (REMO). High ΔPr induces high ΔE, and high rainfall amount induces high evaporation amount.
As evaporation is energy‐limited over CEA, enhanced warming over lands as seen in Figure 5 increases the
energy supply required for evaporation. Soil moisture content thereby differentiates between ROM and REMO
through ΔPr or future rainfall amount. Indeed, enhanced precipitation increases soil moisture content, which, in
turn, positively feeds back into evaporation through soil moisture recycling (Dirmeyer et al., 2009; Pokam
et al., 2012). ROM thereby weakens Ts over CEA, in association with enhanced evaporative cooling. The water
cycle is thus strengthened, with soil moisture –precipitation– serving as a differentiating factor between ROM and
REMO, the required energy being assured by global warming (Seneviratne et al., 2010). ROM expects a greater
increase in ΔE compared to REMO despite surface Ts weakening. This suggests that enhanced ΔPr induces
greater ΔE through increased soil moisture availability, while the reverse scenario either does not occur or is
limited. This is in line with previous research (e.g., Cook & Vizy, 2021; Pokam et al., 2012), which argues that
although evapotranspiration is a crucial moisture source for precipitation across the Congo rainforest throughout
the year, it does not govern the seasonality of rainfall.

We previously noted that compared to REMO, ROM mitigates warming over both oceans and the interior of the
CEA landmass. As mentioned above, while ROM reduces the mean SSTs by − 0.23°C, the landmass Ts is less
mitigated by − 0.14°C, meaning a reminiscence of the land‐ocean thermal contrast and gradient (Longandjo &
Rouault, 2020; Pokam et al., 2014). Additionally, while ROM is cooler than REMO over the CEA landmass, the
two models experience almost similar Ts in most parts of the north and south of CEA, including the Sahel and
Kalahari thermal lows. Similar changes are featured in sea level and surface pressure (not shown). Longandjo and
Rouault (2023) highlighted the strong control of thermal contrast exercises on convection over Central Africa
through precipitable water and a shallow meridional overturning circulation. The next section explores how such
processes respond to changes in SSTs and Ts to provide feedback on ΔPr patterns.

4.2. Atmospheric Circulation and Links to Rainfall Changes

Figure 6 shows changes in the zonal circulation within CEA, driven by changes in land‐ocean thermal and
pressure contrasts. We illuminate how these changes affect moisture amount entering or exiting the CEA land-
mass in the zonal direction by examining the vertical profile of moisture transport at the region's western (10°E)
and eastern (30°E) limits. Compared to the historical period, ROM (ΔQu = 10.12 × 10− 3 kg.m/kg.s) projects
more enhanced moisture emanating from low‐level (1,000–850 hPa) westerlies (Pokam et al., 2014) than REMO
(ΔQu = 8.70 × 10− 3 kg.m/kg.s) at the western boundary. In contrast, at the eastern boundary, moisture advection
from low‐level easterlies (Munday et al., 2021) is expected to reduce further in ROM (ΔQu= − 4× 10− 3 kg.m/kg.
s) than in REMO (ΔQu = − 2.51 × 10− 3 kg.m/kg.s). Under future conditions, the difference ROM minus REMO
unveils that enhancement in low‐level westerlies' moisture from the west (ΔQu = 1.43 × 10− 3 kg.m/kg.s) almost
offsets the weakening in low‐level easterlies' moisture at the east (ΔQu = − 1.48 × 10− 3 kg.m/kg.s), leading to
compensating effects between ROM and REMO. In the middle and upper layers (>700 hPa), ROM and REMO
exhibit similar changes both at the west (ΔQu= − 4.75× 10− 3 and − 4.94× 10− 3 kg.m/kg.s, respectively) and east
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(ΔQu = − 3.20 × 10− 3 and − 3.16 × 10− 3 kg.m/kg.s, respectively). Moreover, the difference ROM minus REMO
under future conditions is minimal both at the west (ΔQu= 0.19 × 10− 3 kg.m/kg.s) and east (− 0.04 × 10− 3 kg.m/
kg.s). These results suggest that the zonal circulation influences ΔPr patterns through low‐level circulations.
However, the zonal circulation does not differentiate between ROM and REMO in ΔPr patterns.

Figure 6. Latitude‐height cross‐section of changes (2070–2099 minus 1971–2000) in the zonal‐mean zonal moisture
transport ΔQu (color in shaded; kg.m/kg.s), zonal wind Δu (black contours; m/s), and specific humidity Δq (red contours;
kg/kg) at the western boundary (10°E, first column) and eastern boundary (30°E, second column) of CEA from ROM (first
row) and REMO (second row). The difference ROM minus REMO is also shown under future conditions (2070–2099; third
row). Positive change values are shown in solid contours while negative values are shown in dashed. The stippling highlight
the grid points where the difference future (2070–2099) minus historical (1971–2000) of the data set under consideration (1st
and 2nd rows) or the ROM minus REMO difference (third row) is statistically significant at 95% confidence level using the
Student's t‐test. Vertical bars delimit the CEA's latitudinal band (10°S–10°N).
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In the meridional direction, ROM and REMO exhibit contrasting mechanisms by which the shallow meridional
overturning circulation (Longandjo & Rouault, 2023) reacts to shape ΔPr patterns (Figure 7), in association with
modifications in surface temperatures. Since the typical circulation pattern over CEA comprises low‐tropospheric
convergence (1,000–850 hPa) overlaid by mid‐tropospheric divergence (850–500 hPa) (Pokam et al., 2012), we
have split the analyses into these two layers. Relative to the historical period and in lower layers, on the northern
side at 5°N, ROM projects an enhanced northward moisture transport by ΔQv = 7.09 × 10− 3 kg.m/kg.s which
weakens at 10°N up to ΔQv = 5.53 × 10− 3 kg.m/kg.s. REMO expects ΔQv = 9.76 × 10− 3 kg.m/kg.s at 5°N, but
this strengthens at 10°N to ΔQv = 9.98 × 10− 3 kg.m/kg.s. Under future conditions, compared to REMO, ROM
features a deficit in northward moisture transport at 5°N of ΔQv = − 2.68 × 10− 3 kg.m/kg.s, which strengthens at
10°N to reach ΔQv= ‒4.44 × 10− 3 kg.m/kg.s. On the southern side, ROM expects enhanced southward moisture
transport of ΔQv= − 3.90 × 10− 3 kg.m/kg.s at 5°S, which strengthens to ΔQv= ‒5.33 × 10− 3 kg.m/kg.s at 10°S.
In contrast, REMO projects ΔQv= − 2.29× 10− 3 kg.m/kg.s at 5°S, which weakens to ΔQv= − 1.53× 10− 3 kg.m/
kg.s at 10°S. Finally, the future difference ROM minus REMO yields ΔQv = − 1.62 × 10− 3 kg.m/kg.s at 5°S and
ΔQv = − 3.79 × 10− 3 kg.m/kg.s at 10°S. Thus, ROM simulates more moisture transport that recirculates within
the region than REMO on the northern side, but the situation is reversed on the southern side. A similar analysis in
the middle layers shows that REMO simulates more moisture inflow into the region than ROM (see Text S1 in
Supporting Information S1), despite this experiment projecting lesser wetness than ROM compared to the his-
torical period. This is because of the axis of circulation in the middle layers (Figure S4 in Supporting Infor-
mation S1), in association with changes in the intensity of AEJs (Figure S5 in Supporting Information S1). In

Figure 7. Longitude‐height cross‐section of changes (2070–2099 minus 1971–2000) in the meridional‐mean meridional moisture transport ΔQv (color in shaded; kg.m/
kg.s), changes in meridional wind Δv (black contours; m/s) and specific humidity Δq (red contours; kg/kg) at 10°N (first column), 5°N (second column), 5°S (third
column), and 10°S (fourth column) from ROM (first row) and REMO (second row). The difference ROM minus REMO is also shown under future conditions (2070–
2099; third row). Positive change values are shown in solid contours while negative values are shown in dashed. The stippling highlight the grid points where the
difference future (2070–2099) minus historical (1971–2000) of the data set under consideration (1st and 2nd rows) or the ROM minus REMO difference (third row) is
statistically significant at 95% confidence level using the Student's t‐test. Vertical bars delimit the CEA's longitudinal band (10°–30°E).
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response to enhanced southward and northward surface temperature gradients
(Figure 8), the two components of the AEJ (Jackson et al., 2009) also
strengthen. However, the main difference between ROM and REMO lies in
the fact that the latter experiment did not detect the AEJ‐S during the his-
torical period. Therefore, the jet–rainfall coupling in its projection is not
opposed to its historical counterpart. This result further endorses our pre-
ceding argument that historical biases strongly affect REMO's projections.

The above‐described processes are conclusive with the increase in precipita-
tion projected by bothROMandREMO.The enhancement in zonal circulation
at the west, which is differentiated in the lower layers between ROM and
REMO, aligns with the strengthened land‐ocean thermal and pressure con-
trasts. Figure 6 also illustrates that the two models project an increase in
specific humidity. Such conditions favor deep convection over CEA through
the interplay between the Congo Basin cell and precipitable water (Longandjo
& Rouault, 2023). This argument is further supported by the expectation of a
reinforced Congo Basin cell in both models, with ROM exhibiting
ΔΨZ = − 3.93 × 1011 kg/s and REMO showing ΔΨZ = − 2.67 × 1011 kg/s. In
addition, ROMandREMOanticipate enhanced northern and southern shallow
Hadley cells. This shallow cell appears to be the factor that distinguishes be-
tween ROM and REMO in ΔPr patterns, as these models simulate almost
similar changes in the deep Hadley cell (Figure 7; ΔΨM = − 0.67 × 1011 kg/s
for ROM and ΔΨM = − 0.69 × 1011 kg/s for REMO) and zonal circulation
(Figure 6). While the change, compared to the historical period, in northward
moisture transport strengthens at 10°N in REMO (indicating increased out-
flows), it weakens in ROM (suggesting decreased outflows). An opposite
situation characterizes the change in moisture transport on the southern side.
This implies that ROM anticipates a wetter condition relative to the historical
period compared to REMO, associated with a projected weaker northern

Hadley cell,which limits outflows toward the Sahel (Figure S6 in Supporting InformationS1). Contrastingly, ROM
projects a stronger southern Hadley cell than REMO, enhancing outflows toward southern Africa.

These processes of change align with earlier findings by Longandjo and Rouault (2023). Specifically, the Sahel
thermal low drives the northern shallow Hadley cell, while the Kalahari low plays a similar role for the southern
shallow Hadley cell through the northward and southward meridional thermal gradients, respectively. Figure 8
shows that, compared to the historical period, ROM projects a weaker enhancement of the surface temperature
gradient than REMO between the northern CEA and the Sahel low (within 10°–20°N). Conversely, ROM projects
a stronger increased surface temperature gradient than REMO between the southern CEA and the Kalahari low
(within 10°–20°S). This result is consistent with the fact that—although ROM mitigates warming compared to
REMO—the projection based on ROM better simulates the warmer nature of the Kalahari low than the Sahel low
at this time of the year (Figure S7 in Supporting Information S1). To completely illuminate the plausibility of
these mechanisms, further investigation into the way moisture flux divergence and its components feature the
shallow meridional circulation is needed, which is the focus of the next section.

4.3. Moisture Flux Divergence and Links to Rainfall Changes

Figure 9 illustrates that, compared to the historical period, both ROM and REMO consistently project a weakened
moisture flux convergence [∇ · (qV) < 0] typically occurring at low levels of CEA. There is also a consistent
weakening in the moisture flux divergence [∇ · (qV) > 0] in the middle layers, which generally overlays the
convergence in lower layers. However, while REMO (Figure 9b) expects a more enhanced moisture flux
convergence in the lower layers compared to ROM (Figure 9a), both experiments project an equal increase in
convergence in the middle layers. Analysis of the difference ROM minus REMO under future conditions
(Figure 9c) reveals that ROM (REMO) is more divergent (convergent) than REMO (ROM) in the lower (middle)
layers. Therefore, compared to the historical period, moisture surplus—responsible for wetter conditions in ROM
than in REMO—results from mid‐tropospheric moisture flux convergence. This finding supports previous

Figure 8. Changes (2070–2099 minus 1971–2000) in the SON climatology
of the latitudinal migration of the 850 hPa temperature gradient (in 10− 6 K/
m), averaged over the longitudes 10°W–30°E, from ROM (blue) and REMO
(red). The difference (ROM minus REMO) under the future period is also
depicted (dashed green line). The corresponding shaded area in color
represents the standard deviation, indicating the variability in the
temperature gradient. Horizontal black bars denote latitudes 10°S, 5°S, 5°N,
and 10°N, while the vertical bar represents the gradient value 0.
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research by Longandjo and Rouault (2023), who also identified mid‐tropospheric moisture convergence as
responsible for precipitating convection. Furthermore, in line with these authors, examining Figures 10 and 11
supports moisture convergence [q∇ · V] (Figure 10) as the main component shaping ∇ · (qV) and thereby
responsible for ΔPr patterns. Indeed, the pattern of changes in q∇ · V is similar to that of ∇ · (qV). However,
changes in moisture advection [V∇ · q] (Figure 11) indicate that ROM expects reduced advection in both the lower
and middle layers, whereas REMO projects increased advection. The moisture convergence that historically
drives the precipitation climatology also drives the projected changes. The strengthening of moisture convergence
in the middle layers in ROM aligns with the weakening of its northern shallow meridional circulation, which
restricts outflows toward the Sahel.

Figure 9. Changes in the seasonality of the vertical profile of moisture flux divergence [∇ · (qV)] (left) and mean SON [∇ ·
(qV)] change shown in line plots (right) fromROM (top panel) and REMO (middle panel). The future (2070–2099) difference
between ROM and REMO is also displayed in the bottom panel. The stippling highlights the grid points where the difference
future (2070–2099) minus historical (1971–2000) of the data set under consideration (a and b) or the ROM minus REMO
difference (c) is statistically significant at 95% confidence level using the Student's t‐test.
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A similar process governs precipitation climatology in ROM and REMO under future conditions. Figures 9–11
also demonstrate that mid‐tropospheric moisture divergence continues to cap the moisture convergence in the
lower layers. The disparities in future rainfall climatologies between ROM and REMO are also linked to the
moisture convergence component. Overall, the effect of warming mitigation as simulated by ROM leads to a
reduction of the moisture advection component, in line with, at least, the expectations of the Clausius‐Clapeyron
relationship (Chadwick et al., 2013). Under future conditions, the southward meridional surface temperature
gradient in REMO enhances enough to reveal the AEJ‐S component (absent in the historical simulation), thereby
improving the jet–rainfall coupling (Whittleston et al., 2017). The presence of the AEJ‐S further contributes to
moistening mid‐tropospheric layers, although Longandjo and Rouault (2023) argued that the contribution of jets
to the overall mid‐tropospheric layers' moisture convergence is small.

Figure 10. Same as in Figure 9, but for the moisture convergence [q∇ · V].
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5. Discussion and Conclusions
The regionally coupled model ROM and its atmospheric component REMO project increased rainfall (ΔPr > 0)
in most parts of CEA by the late twenty‐first century relative to the late twenty‐first century. In comparison to the
historical period, ROM expects a stronger precipitation increase than REMO, despite REMO simulating a higher
total precipitation amount under future conditions. Changes in SSTs and Ts, along with reminiscent historical
biases in the standalone atmospheric model REMO (Tamoffo, Weber, Cabos, Sein, et al., 2024) trigger modi-
fications in the physical processes underpinning ΔPr patterns. The potential mechanisms, highlighted as drivers
of ΔPr patterns, also differentiate between ROM and REMO projections and aid in discriminating the plausibility
of ROM's ΔPr pattern.

We found that the coupled model ROM cools future temperatures compared to the atmospheric model REMO,
particularly evident in eastern equatorial Atlantic Ocean SSTs compared to the CEA landmass Ts. The

Figure 11. Same as Figure 9, but for the moisture advection [V∇ · q].
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evaporative cooling is at play in reducing Ts over CEA under coupling configuration. This leads to an enhanced
water cycle with soil moisture acting as the forcing factor through increased rainfall and the warming providing
the energy surplus. Simultaneously, changes over the Sahel and Kalahari thermal lows do not substantially
differentiate between ROM and REMO, apart from the better depiction by ROM of the warmer Kalahari low
than the Sahel low. As a result, dipole‐like land‐ocean thermal contrast and subsequent pressure contrast
(Longandjo & Rouault, 2020; Pokam et al., 2014) are maintained and intensified. The resulting strengthened
Congo Basin cell augments precipitable water over CEA through increased specific humidity. Additionally,
changes in the regional shallow meridional overturning circulation, forced by changes in typical positive
northward (10°–20°N) and negative southward (10°–20°S) temperature gradients (Longandjo & Rouault, 2023;
Zhang et al., 2008), underlie both models' ΔPr patterns and differentiate between ROM and REMO. While both
models expect enhanced northward and southward thermal gradients, REMO exhibits greater strength in the
north and comparatively weaker strength in the south. Consequently, the northern shallow Hadley cell and
subsequent northward moisture transport are more robust in REMO than in ROM, with opposite trends in the
southern hemisphere. Relative to the historical period, ROM shows a weaker northern shallow Hadley cell
compared to REMO, limiting outflows toward the Sahel, and increasing the likelihood of moisture flux
convergence within the region. This process explains more wetness featuring ROM compared to REMO, relative
to the historical period. The same process is linked to higher rainfall amounts in REMO under future conditions.
Both models project a reduction in typical low‐level moisture flux convergence [Δ(∇ · (qV)) < 0] over CEA,
alongside a weakening in mid‐tropospheric moisture flux divergence [Δ(∇· (qV)) > 0]. This indicates that
enhanced mid‐tropospheric moisture flux convergence primarily influences enhanced precipitation (ΔPr > 0),
consistent with recent findings by Longandjo and Rouault (2023), who highlight the role of mid‐tropospheric
moisture convergence in precipitating convection over Central Africa. Our analysis also indicates that
changes in moisture convergence (q∇ ·V) predominate over changes in moisture advection (V∇ · q) in the total ∇·
(qV), aligning with previous results by Cook and Vizy (2021).

Several findings highlighted above allow advocating for the more plausible ROM's ΔPr pattern. Firstly, ROM
adds value compared to REMO under historical climate conditions for the right reasons, as demonstrated by
Tamoffo, Weber, Cabos, Sein, et al. (2024). Secondly, the mechanisms underlying ΔPr patterns are consistent
with those underpinning observed climatology, as identified across observational and reanalysis data sets, and
ROM better depicts some of them. For instance, Probability Density Functions reveal that the shapes of pre-
cipitation distributions based on ROM closely resemble those of observations and the ERA5 reanalysis, compared
to distributions based on REMO, across both historical and future periods. We also noted that the overall pro-
cesses driving ΔPr patterns align with the moisture‐convergence‐controlled regime occurring in the rainy season,
as demonstrated by Longandjo and Rouault (2023). Thirdly, the Sahel and Kalahari thermal lows play a pivotal
role in shaping ΔPr patterns in both ROM and REMO, yet ROM provides a more accurate portrayal of the warmer
nature of the Kalahari low compared to the Sahel low. The future projection of the southern jet–rainfall coupling
(Whittleston et al., 2017) is opposed to its historical counterpart in ROM, but this is not the case for REMO, which
lacks the jet–rainfall coupling process under the historical climate. This casts doubt on the rainfall change‐related
modifications in the AEJ‐S.

The present study demonstrates the necessity of accounting for ocean‐atmospheric interactions in regional climate
models to refine regional climate information provided to policymakers. It is important to highlight that the
robustness of these findings requires additional evaluation. Our study exclusively examines the outcomes of a
single dynamically downscaled ESM using an RCM in its coupled and uncoupled version. Further investigations
should encompass additional RCMs operating in both modes, each driven by a variety of ESMs.

Conflict of Interest
The authors declare no conflicts of interest relevant to this study.

Data Availability Statement
The model simulations were performed at the German Climate Computing Center (Deutsches Klimar-
echenzentrum, DKRZ) in Hamburg. All observational and reanalysis data used in this study are publicly available
at no charge and with unrestricted access. The ERA5 reanalysis is produced within the Copernicus Climate
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Change Service (C3S) by the ECMWF and is accessible via the link https://cds.climate.copernicus.eu/cdsapp#!/
dataset/reanalysis‐era5‐pressure‐levels‐monthly‐means?tab1⁄4form; the GPCC observational data set is available
at https://opendata.dwd.de/climate_environment/GPCC/html/fulldata‐monthly v2020y doiy download.html; the
CRU‐v4.04 data set is available at https://data.ceda.ac.uk/badc/cru/data/cru_ts/cru_ts_4.05/data/pre (Harris
et al., 2020); the CHIRPS2 data are available at https://data.chc.ucsb.edu/products/CHIRPS‐2.0/global_daily/
netcdf/.
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