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Abstract

The economy of Central African countries strongly depends on rain-fed agriculture and
hydropower generation. However, most countries in this subregion do not yet have the irrigation
technologies that are already applied in many more advanced nations, which further exposes them
to the serious risk of severe drought caused by global warming. This study investigates the potential
impact of solar radiation modification (SRM) geoengineering on the water availability over the
four major river basins that cross most of Central African countries (i.e. Niger Basin, Lake Chad
Basin, Cameroon Atlantic Basin (CAB) and Congo Basin). For this purpose a potential water
availability index was computed based on an ensemble-mean simulations carried out in the
framework of Phase 6 of the Geoengineering Model Intercomparison Project considering two SRM
simulation experiments: the stratospheric sulphate aerosol injection (Gé6sulfur) and the global
solar dimming (Gé6solar). The climate change simulation results in a robust decreases by up to 60%
in water availability, most pronounced over the CAB under the high radiative forcing scenario.
Therefore, in a business-as-usual world, the reduction in water availability combined with the
rapid population growth expected by 2050 in the studied subregion, could result in a significant
water deficit over Central African countries towards the end of the 21st century. This water deficit
could affect all activities that depend on water resources, such as water supply, agriculture and
hydropower generation. Furthermore, the results also show that SRM methods have the potential
to significantly reduce this deficit by increasing water availability (as compared to climate change)
by up to 50% over the affected river basins, with a more accentuated increase found in the CAB
when the global solar dimming is applied. These results suggest good possibilities of adaptation for
populations living in the geographical areas of these river basins.

© 2024 The Author(s). Published by IOP Publishing Ltd
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1. Introduction

Central Africa is characterized by its unique and
diverse ecosystems, crossed by vast river basins that
are vital sources of water for populations living
there. However, the growing threat of climate change
poses significant challenges to the subregion’s water
resources, especially as climate projections indicate an
increased risk of water deficits and associated impacts
on agriculture, biodiversity and livelihoods of popu-
lations (IPCC 2022).

Therefore, scientists, civil society and policy-
makers have explored various strategies to mitig-
ate the effects of global warming. One of these is
solar radiation modification (SRM) geoengineering
(Kravitz et al 2011, Latham et al 2012, Alterskjeer et al
2013, Muri et al 2014, Storelvmo et al 2014), which
involves manipulating the Earth’s radiation budget
to counteract some of the warming effects caused
by greenhouse gas (GHG) emissions. Accordingly,
the implementation of SRM is based on several
approaches including: (i) marine cloud brightening,
which involves spraying seawater into low-level mar-
ine clouds to produce smaller droplets and make them
more reflective (e.g. Latham et al 2012, Alterskjeer
et al 2013); (ii) cirrus cloud thinning, involves modi-
fication of cirrus cloud properties by seeding them
to produce crystals that reduce their ability to trap
heat (e.g. Muri et al 2014, Storelvmo et al 2014);
(iii) global solar dimming (GSD), which consists of
deploying large structures in space that can reflect a
portion of incoming sunlight back to space before it
reaches the Earth (e.g. Tilmes et al 2022, Xie et al
2022) and (iv) stratospheric aerosol injection (SAI),
which is the most widely discussed technique in the
literature and consists of creating reflective aerosols
(e.g. sulfate) in the stratosphere (15-30 km high) in
order to mimic large volcanic eruptions (e.g. Pinto
et al 2020, Odoulami et al 2020, Abiodun et al 2021,
Camilloni et al 2022, Bonou et al 2023, Obahoundje
et al 2023, Tan et al 2023).

To date, research on the effects of SRM on cli-
mate has focused on regional (Robock et al 2008,
Pinto et al 2020) and global (Aswathy et al 2015,
Dagon and Schrag 2016) perspectives, highlighting
that interventions to maintain global warming at an
acceptable level could lead to diverse climate res-
ults. Therefore, while some studies have shown that
although the SRM does not restore the global cli-
mate to its pre-warming state, it has the potential to
decrease global surface temperature and thus signi-
ficantly reduce extreme weather events (e.g. floods,
droughs, heat waves and heat stress) over many parts
of the world, including Africa (Pinto et al 2020,
Odoulami et al 2020, Abiodun et al 2021, Bonou et al
2023, Obahoundje et al 2023), Asia (Kuswanto et al
2022, Tan et al 2023), as well as Europe and America
(Aswathy et al 2015, Dagon and Schrag 2016, Xu et al
2020, Camilloni et al 2022).
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However, although some of these studies have
assessed drought risk in Africa, they have mainly
focused their attention on the evaluation of the
implications of the possible use of SAI over specific
subregions of Africa (Pinto et al 2020, Odoulami
et al 2020, Abiodun et al 2021). Therefore, this
study investigates the potential impact of SRM on
the risk of water deficit over the main Central
African river basins, by considering two different
SRM approaches (i.e. GSD and SAI). Based on an
ensembles of global climate models (GCMs) built
from experiments derived from Phase 6 of the
Coupled Model Intercomparison Project (CMIP6;
Eyring et al 2016), and Phase 6 of the Geoengineering
Model Intercomparison Project (GeoMIP6; Kravitz
etal 2015), we seek to highlight the potential benefits,
risks and uncertainties associated with this controver-
sial approach, by quantifying the impact of climate
change on potential water availability taking into
account precipitation and potential evapotranspira-
tion over each river basin. Understanding the poten-
tial implications of SRM on water resources over the
Central African river basins is crucial for providing
valuable insights for climate resilience and sustainable
water management under a changing climate.

It is worth noting that this study does not argue
for or against SRM as a solution to climate change.
Instead, its aim is to contribute to the current sci-
entific discourse on climate geoengineering and its
potential implications for water resources in the
Central African subregion. By promoting a better
understanding of the potential risks and benefits,
we can facilitate informed policy discussions and
decisions that prioritize the long-term sustainability
and resilience of Central African river basins in the
face of a rapidly changing climate.

Opverall, this study could be a valuable contribu-
tion to enhance our understanding of climate change,
geoengineering and water resources over Central
Africa. By examining the predicted impact of the SRM
geoengineering on the water deficit risk, we hope
to provide a sound basis for further research and
informed decision-making in the pursuit of a climate-
resilient future for the region. The rest of this paper is
structured as follows: First, the datasets and method-
ology used in the study are described in section 2. The
results are presented in section 3. Finally, the main
results are discussed and concluded in section 4.

2. Data used and methodology

For the analyses of the potential changes in hydro-
climatic variations over the main Central African
river basins, we considered monthly data from an
ensemble-mean of six GCMs simulations mem-
bers, extracted from the archives from CMIP6 and
GeoMIP6 initiatives (Kravitz et al 2015, Eyring et al
2016). However, given that the GeoMIP6 archives
currently only have six models available, this study
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Table 1. Summary of the six GCMs used in the framework of the CMIP6 and GeoMIP6 initiatives.

Resolution

Model name Institute ID (Lon x Lat) References

1 CESM2-WACCM National Center for Atmospheric 1.25° x 0.94° Danabasoglu (2019)
Research, Boulder, USA

2 CNRM-ESM2-1 Centre National de Recherches 1.41° x 1.41° Séférian et al (2019)
Météorologiques, Météo-France,
Toulouse, France

3 IPSL-CM6A-LR Institut Pierre Simon Laplace, Paris, 2.50° x 1.27° Boucher et al (2020)
France

4 MPI-ESM1-2-HR Max Planck Institute for Meteorology, 0.94° x 0.94° Miiller et al (2018)
Hamburg, Germany

5 MPI-ESM1-2-LR Max Planck Institute for Meteorology, 1.88° x 1.88° Schupfner et al (2021)
Hamburg, Germany

6 UKESM1-0-LL Met Office Hadley Centre, Exeter, UK 1.88° x 1.25° Tang et al (2019)

is therefore limited to the number of GCMs simu-
lations accessible simultaneously in the CMIP6 and
GeoMIP6 archives (see, table 1 for the summary of
different GCMs simulations used). It is worth noting
that historical data covering the 1850-2014 period is
only available for CMIP6 models, while future projec-
tions over the 2015-2100 period are available for both
CMIP6 and GeoMIP6 models.

In this work, the future changes for the
CMIP6 simulations are projected under two Shared
Socioeconomic Pathways (SSPs; O’Neill et al 2017)
scenarios: SSP2-4.5 and SSP5-8.5. Here, SSP5-8.5
represents a business-as-usual world and thus a high-
level forcing scenario, whereas SSP2-4.5 considers
some GHG mitigation and is thus a mid-level for-
cing scenario. Moreover, the future changes for the
GeoMIP6 ensemble-mean are projected under two
SRM scenarios: Gésulfur which corresponds to the
SAI approach and Gésolar which is linked to the GSD
technique (Kravitz et al 2015). In fact, G6sulfur con-
siders the injection of sulfur between 10°S—10°N lat-
itude and approximately 18-20 km altitude to main-
tain surface temperatures at the same values as those
simulated in the target scenario SSP2-4.5 (against a
background of the SSP5-8.5 scenario), while Gésolar
consists of a reduction of the global solar constant
to offset the same temperature difference in order to
reach the values of the SSP2-4.5 scenario.

In this study, the estimation of the hydroclimatic
changes over the main Central African river basins,
were estimated by adopting an approach based on the
potential water availability index, computed from the
ratio between precipitation and potential evapotran-
spiration, which is considered as a proxy for water
availability (Greve and Seneviratne 2015, Sylla et al
2018, Zhang et al 2022). In this context, precipitation
is considered as a climatic water supply, while poten-
tial evapotranspiration as a climatic water demand.
Therefore, when the potential water availability index
is greater than 1 (i.e. precipitation greater than poten-
tial evapotranspiration), the basin is likely to gain
more water than it would lose and therefore undergo
water surplus, and vice-versa.

Concerning the computation of the potential
evapotranspiration, several studies have highlighted
the presence of uncertainties in the different meth-
odologies used for its estimation, especially when it
involves the study of future climate (Kingston et al
2009, Wang et al 2017, Kadkhodazadeh et al 2022).
Consequently, for this study, the potential evapo-
transpiration was derived according to the Hamon’s
method, as it was found to be closer to observations
under different African climates (Lhomme 1997, Lu
et al 2005, Terzi and Keskin 2010, Sylla et al 2016,
Owusu-Sekyere et al 2017). In fact, the Hamon’s
formulation enables an estimation of the potential
evapotranspiration based on the monthly mean near-
surface temperature and the day length (Hamon
1963, Lu et al 2005). Its mathematical formulation is
expressed as follows:

PET = k X 0.1651 X Lyay X Ouat (1)
216.7 X €
=TT L7313 2
Gt = (T+2733) (2)
17.27XT
e, = 6.108 x e T55575) 3)

where,

PET: monthly potential evapotranspiration [mm]

k: proportionality coefficient = 1! [unitless]

Lgay: daytime length [x/12 h]

Osar: saturated vapor density [g m ™3]

e;: saturation vapor pressure [mb]

T: monthly mean near-surface temperature [°C]

Therefore, for each GCMs experiment, the poten-
tial water availability index was derived for a three
30 year time slice periods chosen as follows: one ref-
erence (1985-2014) representing the baseline period,
and two futures (2021-2050 and 2071-2100) repres-
enting the near and far future, respectively. Changes
in the water availability index were expressed in %,
with respect to the baseline period, and is com-
puted as follows: first of all, for analyses of spatial
distributions, a temporal average was calculated for
each grid cell fields of the considered variables, then
their difference with respect to the spatio-temporal
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Figure 1. Mean topography (in meter; shaded) of the
African domain. Outlines in bold delineate the contour of
the main Central African river basins, including: Niger
Basin (NB), Lake Chad Basin (LCB), Cameroon Atlantic
Basin (CAB) and Congo Basin (CB).

average of the reference variable was computed and
expressed as a percentage. Secondly, in the case of
analyses at watershed scale, a spatial average was per-
formed beforehand for each grid cell fields of the con-
sidered variables, then their difference with respect
to the spatio-temporal average of the reference vari-
able was calculated and expressed as a percentage.
Furthermore, the analysis of spatial distributions will
be carried out over the African continent with a focus
on the main Central African river basins, as illus-
trated in figure 1. However, regional analyses will be
performed at the scale of each river basin, including:
Niger Basin (NB), Lake Chad Basin (LCB), Cameroon
Atlantic Basin (CAB) and Congo Basin (CB).

Given that the considered GCMs have different
grid-spacing resolutions, an interpolation at 1° x 1°
was performed as follows: the bilinear interpolation
was applied to models with a coarser resolution,
while conservative techniques were used to interpol-
ate models with a finer resolution as recommended
by Jones (1999). To take into account the uncertain-
ties that may exist in the projected changes, the cli-
mate change signal from the GCMs ensemble-mean
will be considered as robust if the following two cri-
teria are fulfilled: (i) at least five out of six (i.e. about
83.33%) models members agree on the sign of the
GCMs ensemble-mean change; and (ii) the signal to
noise ratio (SNR), i.e. the ratio of the mean to the
standard deviation of the GCMs ensemble-mean, is
equal or greater than 1. In fact, the second condi-
tion measures the climate change signal strength rel-
ative to inter-model variability. We use both the first
and second criteria since the first alone could indicate
consistency even for very small changes close to zero
(Collins et al 2013). If only the first criterion is met,
we describe the change as significant.
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3. Results

3.1. Projected change in the spatial variability of
the water availability

Figure 2 shows the spatial distribution of the changes
in the annual potential water availability projected by
the GCMs ensemble-mean simulations for the dif-
ferent basins for the baseline period, the near and
far future; under the SSP2-4.5, SSP5-8.5, Gé6sulfur
and Gé6solar scenarios. During the baseline period,
the northern part of Sahelian river basins (i.e. NB
and LCB) show a potential water availability index
values generally lower than 1. On the other hand,
their southern part show an average values of index
between 1 and 2, reflecting moderate conditions of
water availability. The CAB has higher values of index
(close to 5), suggesting that water availability is gener-
ally more abundant and less variable. Concerning the
CB, the results show values of index between 2 and 4,
indicating abundant water resources throughout the
year, probably due to heavy precipitation favored by
the presence of the Congo Basin rainforest.

During the near future, the projected water avail-
ability for the main Central African river basins
shows contrasting results under scenarios SSP2-4.5
and SSP5-8.5 scenarios. Indeed, a downward trend
is projected under SSP2-4.5 scenario, whereas an
upward trend is predominant under SSP5-8.5 scen-
ario. For instance, a significant deceases of up to 30%
under the SSP2-4.5 scenario and a robust increases
of up to 40% under the SSP5-8.5 scenario, are pro-
jected by the ensemble-mean models over countries
crossed by the NB, LCB and CB, with a peak located
over eastern Democratic Republic of Congo (DRC).
Moreover, countries crossed by the CAB show a sig-
nificant increase of up to 30% under SSP2-4.5 scen-
ario, and a significant decrease of up to 40% under the
SSP5-8.5 scenario, more pronounced over southern
Gabon (figures 2(b) and (d)). During the far future,
the climate change signal projected by the ensemble-
mean models in the context of the radiative forcing
scenarios due to the increase in GHGs shows that the
water reserves of countries crossed by the considered
catchment tend to dry up. This drying up is mainly
translated through: (i) a more pronounced reduction
in water availability in the countries crossed by CAB
and CB, with peaks rising from about 30% in the
near future to about 50% in the far future under the
SSP2-4.5 scenario (in the case of CB), and from about
40% in the near future to about 60% in the far future
under SSP5-8.5 scenario (in the case of CB); (ii) a
slight decrease which did not exist in the near future,
is now recorded over Sahelian river basins under the
SSP2-4.5 scenario, and western and southern parts
of CB under SSP5-8.5 scenario; and (iii) a smaller
robust increase, with peaks rising from about 40% in
the near future to about 20% under under SSP5-8.5
scenario in the far future, is projected over NB, LCB
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Figure 2. Spatial distribution of the annual potential water availability index, derived from the GCMs ensemble-mean simulations
during the 1985-2014 baseline period (a); first column) and its change (in %, with respect to the baseline period) during the Near
Future (second column) and Far Future (third column), under SSP2-4.5 (b)—(c); first row), SSP5-8.5 (d)—(e); second row),
Gosulfur (f)—(g); third row) and Gésolar (h)—(i); fourth row) scenarios. Outlines in bold delineate the contour of each river basin.
Areas where the change is significant (i.e. where at least 5 out of 6 models members agree on the sign of the change) are
highlighted by positively sloped hatching (‘/°). Areas where the change is robust (i.e. where the SNR > 1) are highlighted by

negatively sloped hatching (*\’).

and CB (figures 2(d) and (e)). It is therefore clear that
in the far future, radiative forcing due to the increase
in GHGs will have the effect of accelerating the reduc-
tion in water reserves useful for plants over the coun-
tries crossed by the main Central African river basins,
with CAB undergoing the most pronounced changes,
especially under the SSP5-8.5 scenario (figures S1(i)
and (j)).

The results of the spatial distributions of potential
water availability index projected by the ensemble-
mean models under the SRM scenarios (i.e. Gésulfur

and Gé6solar) show a similar pattern to those for the
SSP2-4.5 scenario presented above, but with greater
spatial extent of increase. It is worth noting that
in these scenarios, the amplitudes of increase are
greater and those of the decrease are less than in the
case of warming scenarios. For example, in the near
future, the ensemble-mean models project a robust
increase of up to 30% in NB, LCB and CB under the
Gé6sulfur and Gésolar scenarios as compared to the
SSP2-4.5 scenario (figures S1(a) and (d)). Similarly,
in the far future, the models project a significant
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Figure 3. Changes in the annual potential water availability index (in %, with respect to the 1985-2014 baseline period) during
the (a) Near Future and (b) Far Future, for each river basin as projected by the GCMs ensemble-mean simulations, under
SSP2-4.5 (pink), SSP5-8.5 (red), Gésulfur (light green) and Gésolar (green) scenarios. Significant changes (i.e. where at least 5 out
of 6 models members agree on the sign of the change) are highlighted by positively sloped hatching (‘/’). Robust changes

(i.e. where the SNR > 1) are highlighted by negatively sloped hatching (‘\’).

increase of up to 60% in CAB under the G6sulfur and
Gsolar scenarios as compared to the SSP5-8.5 scen-
ario (figures S1(g) and (h)). A comparison between
the two mitigation methods used in this study shows
contrasting spatial variability (figures S1(k) and (1)).
Nevertheless, the solar dimming method appears to
be more effective in significantly reducing the poten-
tial deficit in water available to plants in Gabon,
Congo, DRC and southern Central African Republic.

To investigate whether the changes in the
annual potential water availability projected by the
ensemble-mean models could lead to a risk of deficit
at the scale of each catchment, their regional aver-
age has been estimated for the near and far future,
as shown in figure 3. The results show that under
all the considered scenarios, a systematic decrease of
up to approximatively 23% is projected in CAB and
CB, during the far future. Although only occurring
in the far future, a decline of up to about 12% is

also projected in NB. A possible explanation for this
decrease in groundwater reserves would be linked to
a small increase in precipitation (around 2% to 24%)
coupled with a relatively large increase in potential
evapotranspiration (around 14% to 29%) in these
basins (figures S2 and S3). Concerning NB and LCB
(located in the Sahelian part of Africa and there-
fore more exposed to severe drought problems), the
ensemble-mean models project an increase under
almost all the considered scenarios, except in the
NB during the far future where a reversed trend is
projected. Particularly for LCB, a robust increase
in the potential water availability index was more
pronounced in the near future, with up to about
27% found under the SSP5-8.5 scenario. It should be
noted that in almost all the considered river basins,
the water availability projected by SSP2-4.5 shows a
downward trend more pronounced in the far future.
Nevertheless, the SRM scenarios succeed in reversing
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Figure 4. Annual cycle of the potential water availability index (unitless), during the Near Future (left column) and Far Future
(right column), for each river basin as projected by the GCMs ensemble-mean simulations, during the baseline (black) and future
periods under SSP2-4.5 (dashed red), SSP5-8.5 (solid red), G6sulfur (dashed green) and Gé6solar (solid green) scenarios. The
horizontal line indicates the threshold above which precipitation exceeds potential evapotranspiration (i.e. where the potential

water availability index = 1).

this trend by significantly increasing the water avail-
ability by up to 25% under the Gé6sulfur scenario
and 30% under the Gé6solar scenario (figure S4).
Furthermore, the SRM scenarios also succeed in
reversing the downward trend projected in CAB, by
enabling a significant increase of up to about 17% in
available water (figure S4).

3.2. Projected change in the annual cycle of the
water availability

In order to determine whether the negative changes
found above, effectively lead to a water deficit, the
annual cycle of the potential water availability index
at the scale of each of the main Central African basins
was analyzed during the historical and future periods
under the SSP2-4.5, SSP5-8.5, Gé6sulfur and Gé6solar
scenarios, as shown in figure 4. The annual vari-
ation curves of the potential water availability index

over the Sahelian and forested basins for the SSP2-
4.5, SSP5-8.5, Gé6sulfur and Gé6solar scenarios could
provide important information on the water availab-
ility over these basins and how it could be affected by
climate change.

During the reference period, for NB and LCB,
which have a semi-arid climate, the potential water
availability index obtained from the ensemble-mean
of models shows an annual cycle with a deficit trend
(i.e. index lower than 1) which has a longer dura-
tion in the case of LCB (i.e. from September to July).
Although of relatively short duration compared with
the total length of the year, a tendency towards a water
surplus is noted in these river basins during the rainy
season (i.e. from June to September), with a peak
found around August (figures 4(a) and (c)). On the
other hand, for CAB and CB, which are characterized
by a tropical climate, the annual cycle of the potential
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Figure 5. Time series of the year-to-year changes in the potential water availability index (in %, with respect to the 1985-2014
baseline period), for each river basin, during the future climate as projected by the GCMs ensemble-mean simulations, under

2070 2080 2090 2100

SSP2-4.5 (pink), SSP5-8.5 (red), Gésulfur (light green) and Gé6solar (green) scenarios. Significant changes (i.e. where at least 5 out
of 6 models members agree on the sign of the change) are highlighted by circles (“°”). Robust changes (i.e. where the SNR > 1) are
highlighted by stars (‘*”). A 10-year running average has been applied to remove high-frequency variability.

water availability index shows a tendency towards a
water surplus (i.e. index greater than 1) throughout
the year, with the maximum and minimum values
reached during the rainy (i.e. from March to May
and from September to November) and dry (i.e. from

December to February and from June to August) sea-
sons, respectively (figures 4(e) and (g)).

In the near future, the annual cycles of the poten-
tial water availability remain broadly the same under
the SSP2-4.5 and SSP5-8.5 scenarios, with maximum
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values projected during the rainy seasons and min-
imum values expected during the dry seasons. There
is a slight increase in the value of the water availab-
ility index in NB and LCB, and a slight decrease in
CAB and CB. In the far future, the decrease in the
value of the potential water availability index con-
cerns both the peaks during the dry and rainy seasons,
and is more marked under the scenario of greater
radiative forcing, compared with the historical ref-
erence period. This decrease, which could translates
into an increased risk of drought associated with the
increased global warming, would be more marked for
CAB in the far future (figure 4(f)).

With a drastic reduction in water deficit risk
through SRM interventions, the results show that the
Gé6sulfur and G6solar scenarios are able to limit this
decrease in the peak of the potential water availability
index projected under warming scenarios (SSP2-4.5
and SSP5-8.5), by approaching those of the median
radiative forcing (SSP2-4.5), or even slightly increase
them compared to the baseline period (especially for
the Gé6solar scenario; figure 4(b)).

3.3. Projected change in the year-to-year water
availability

The time series of the year-to-year changes in the
potential water availability index (in % of the mean
value for the baseline period) in the different river
basins over the period 2020-2100 under the SSP2-4.5,
SSP5-8.5, Gésulfur and G6solar scenarios are shown
in figure 5. The results for LCB show a trend towards
positive change under the SSP5-8.5 scenario, with a
peak of around 30% occurring near 2055 until the end
of the 21st century. Under the SSP2-4.5 scenario, the
ensemble-mean models projects a risk of water deficit
of up to around 15% found around 2058 until the end
of the century. This is probably due to the increase
in potential evapotranspiration projected under this
scenario (up to around 16%), compared with precip-
itation, for which the ensemble-mean of models pro-
jects a slight decrease (see, figures S2 and S3; Chad).
For this catchment, the year-to-year changes in the
potential water availability index projected under the
SRM scenarios showed a trend towards robust posit-
ive change throughout the 21st century, with a peak of
up to 15% projected when SAI was applied, and 20%
under GSD.

For the other basins, the year-to-year changes
in potential water availability projected by the
ensemble-mean models shows a negative trend
throughout the 21st century, for all the considered
scenarios. However, the results show a positive vari-
ation projected by the SSP2-4.5 scenario in NB and
CAB until 2045, and by the SSP5-8.5 scenario in NB
and CB until 2080. It should be pointed out that
during the second half of the 21st century, the SSP2-
4.5 radiative forcing scenario generally predicts a
more pronounced water deficit (up to around 20%)
over all the Central African river basins, except in

9

T C Fotso-Nguemo et al

CAB where the radiative forcing scenario SSP5-8.5
is likely to trigger a robust decrease of about 25% in
water availability. Nevertheless, the magnitude of this
decrease in water availability, which would be more
pronounced during the second half of the 21st cen-
tury in the warming scenarios, is generally reduced
in the SRM scenarios and even falls below that of the
SSP5-8.5 scenario after 2090 in the case of NB.

4, Discussion and conclusion

In the present study, we examined the projected
impacts of the SRM on the water deficit risk over
the major Central African river basins. For this pur-
pose, we considered the projections of an index char-
acterizing the potential availability of water by com-
bining precipitation and potential evapotranspiration
which was applied to an ensemble mean of six GCMs
performed as part of the CMIP6 (under the SSP2-
4.5 and SSP5-8.5 scenarios) and GeoMIP6 (under the
Go6sulfur and Gé6solar scenarios) initiatives.

The results of the spatial distribution of the poten-
tial water availability under the SSP2-4.5 and SSP5-
8.5 scenarios indicate that the water reserves of coun-
tries crossed by the major Central African river basins
tend to dry up under GHG increases. This drying
up is reflected by a significant reduction in water
availability, with the CAB undergoing the most pro-
nounced robust changes, especially under the high-
emissions scenario. It has been shown that this sys-
tematic decrease in groundwater reserves is linked to
a strong projected increase in potential evapotran-
spiration, with among other consequences, an amp-
lification of projected dry spells duration over the
subregion (Bobde et al 2024, Ngavom et al 2024).
Moreover, the results revealed that, contrary to scen-
ario SSP2-4.5, a strong predominance towards an
increase in water availability would be projected
under the SSP5-8.5 scenario, with a higher amplitude
expected in CB. This would suggest a simulation of
heavier precipitation compared with that of potential
evapotranspiration projected by the ensemble-mean
models under the higher GHG-forcing scenario. The
trend towards heavier precipitation simulated by the
CMIP6 models under SSP5-8.5 scenario has been
reported in other studies undertaken over Africa (e.g.
Bobde et al 2024, Ngavom et al 2024). They attrib-
uted this behavior to the simulation by these models
of a very high frequency of occurrence of days with
heavy precipitation. Concerning the projected distri-
butions of potential water availability under the SRM
scenarios (G6sulfur and Gsolar), the results showed a
similar pattern, but with larger (lower) spatial extents
of increase (decrease). In general, the SRM scenarios
discussed here result in more water availability than in
their associated target scenario SSP2-4.5 (Kravitz et al
2015), but often not as much as in SSP5-8.5 scenario.
This suggests that while mitigation of GHG emissions
would be better for water availability in the Central
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African river basins evaluated here, SRM is better than
unabated climate change.

The seasonality of the water availability index
for NB and LCB showed a deficit trend particularly
during the dry season. In contrast, CAB and CB,
which have a tropical climate, show a water surplus
throughout the year. In the near future, the annual
water availability cycles will remain consistent under
the SSP2-4.5 and SSP5-8.5 scenarios, with maximum
water availability during the rainy seasons. It is worth
to note that compared to the baseline period, there
was a slight increase in the potential water availab-
ility index over the Sahelian basins. Furthermore, in
the far future, all the scenarios show a more pro-
nounced decline in water availability over the basins
located in the forested area. This could be potentially
be alarming for the sustainable management of water
resources, as it could have negative consequences for
ecosystems and the populations that are dependent
on them for their water supply. In addition, this
decrease in the value of the potential water avail-
ability index was more pronounced in CAB, under
the higher radiative forcing scenario. The results also
showed that SRM interventions could limit the pro-
jected decrease in water availability under the high
radiative forcing scenario by moving closer to the
median radiative forcing or increasing it slightly.

Regarding the analysis of the year-to-year changes
in the potential water availability, the results showed
that in contrast to SSP2-4.5 scenario, which projects
a water deficit in LCB, the SSP5-8.5 scenario pro-
jects a robust positive trend, with a moderate peak
throughout the 21st century. In this river basin, the
year-to-year changes in potential water availability
index under the SRM scenarios showed a positive
change throughout the 21st century. For the other
river basins, the year-to-year changes showed a neg-
ative trend throughout the 21st century, except for
NB, where a robust positive change is projected until
2050. Nevertheless, the results showed that the applic-
ation of SRM techniques could lead to a reduction in
the risk of water deficit in the considered river basins.
This suggests that geoengineering could potentially
lower the impacts of climate change by reducing water
stress over Central African river basins.

Overall, the application of the SRM would
increase water availability in the Sahelian basins
and reduce the risk of water deficits in the forested
basins. The trend towards increased water availab-
ility and, to some extent the reduction of the water
deficit risk projected over the Central African river
basins, could have positive impacts on food secur-
ity and the livelihoods of local populations, as well
as on the subregion’s biodiversity and ecosystems.
This could also help to reduce conflicts over access
to water. However, it is important to note that the
SRM also raises some concerns and uncertainties.
Potential secondary effects, such as changes in pre-
cipitation patterns or disruption of local ecosystems,
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require particular attention. In addition, the social,
economic and ethical consequences of implementing
such measures must be carefully assessed.

Furthermore, it is important to note that while the
study utilized projections from the state-of-the-art
CMIP6 and GeoMIP6 simulations, the ensemble size
of only six members may not provide a sufficiently
robust quantification of uncertainties associated with
the projected water deficit risks over the study area.
Consequently, the results could differ by considering a
larger GCMs ensemble-mean simulations or alternat-
ive model types. In addition, although this study relies
on the use of the GHG-forcing scenarios SSP5-8.5 and
SSP2-4.5 as references to assess the implications of
the SRM experiments, recent scientific literature sug-
gests that the level of warming prescribed by the SSP5-
8.5 scenario is likely to be significantly overestimated.
This implies that the real difference between SSPs and
SRM scenarios could be slightly different from what
is presented in this document. It should therefore be
remembered that the results may be influenced by the
potential bias in the radiative forcing assumptions.

In conclusion, although the SRM geoengineer-
ing may offer promising prospects for mitigating the
water deficit risk over the main Central African river
basins, it is important to consider the advantages and
disadvantages of this technology as a whole before
making an informed decision on its use. Further
research, rigorous impact assessment and participat-
ory decision-making are essential to ensure sustain-
able management of water resources and to minimize
the undesirable side-effects of these techniques.
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