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Abstract. Climate change impacts on water resources are being felt in a
pronounced way, especially in the Mediterranean region with a faster pace
of warming and an increasing frequency and severity of droughts. This
context necessitates adopting proactive adaptation strategies that would
increase water systems resilience over time using simulation models. This
study employs RIBASIM model to assess water security in Morocco's
Bouregreg basin under climate change and growing demands. It also
discusses options of adaptation and water supply security in the future.
Results show that public water supply from the SMBA-Tiddas complex
could decrease by 25-36% (222.7 - 190.5-vs. 297.7 MCM/y for the reference
scenario) under 30-40% inflow reduction scenarios, with irrigation water
supply falling 36% (12.8 vs 20 MCM/y). Through the further analysis, the
Casablanca desalination project and Sebou-Bouregreg interbasin transfer
emerge as crucial adaptation measures in terms of securing the future water
demand of the basin (2050) and increase of its resilience. This analysis
provides a framework for climate-resilient water planning in semi-arid
regions.

1 Introduction

Water resources in the Mediterranean region are facing growing pressure not only due to
population growth and economic activities, but also as a result of the unequivocal climate
change effects on the hydrological regime [1-2]. Indeed, precipitation across the region has
witnessed a clear disruption with a tendency to decrease during the last years, an increase in
temperature and evapotranspiration as well as frequent extreme events (more severe and
prolonged droughts and acute floods) with trends of changing climate at a rate 20% than the
global average [3-4].

Morocco exemplifies these regional challenges, having endured six consecutive years of
severe drought across the entire country, accompanied by unprecedented temperature levels
that have severely impacted reservoir and groundwater levels, consequently affecting
agricultural productivity. Indeed, according to the latest state of the climate of 2024 in
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Morocco discussed in a report presented on 20 June 2025 in Rabat [5], 2024 was the hottest
year in Morocco with an average temperature anomaly of +1.49°C compared to the 1991 -
2020 period. The country has experienced a significant rainfall deficit of -24.8%, throughout
this ongoing drought trend for the sixth year. This alarming situation has pushed Moroccan
decision-makers to incorporate climate change into the water planning process, from the
regulatory framework, to the strategies preparation (the National water plan (PNE) and the
Directory Plans of integrated management of water resources (PDAIRE)).

This context could compromise socio-economic development, and lead to choosing costly
solutions to deal with the challenging context of water resources. It could also conduct
potentially in some regions to substantial economic consequences, in particular on the Gross
Domestic Product (GDP) which may reach 10% of loss under a global warming of more than
3°C [6].

To tackle this situation, relying on studies for the long-term integrating the projected impacts
of climate change is highly needed to elucidate tendencies of water supply and implement
proactive water management strategies. One effective way to achieve this, is through climate
change integration into the planning process which can be processed through calibration and
validation of a hydrological model based on historical inflows, then the integration of bias-
corrected projections of precipitation and temperature into the validated model to assess the
future inflows and water balance components under chosen climate change scenarios [7, 8].

When hydrological modelling is not feasible due to the lack of data, another approach; called
the runoff elasticity [9-10], has been developed for assessing the impact of climate change
on water availability. [11] used this method to analyse runoff trends in Sebou, Loukkos and
Laou basins for the future.

These methods have been applied in some studies to evaluate the expected change in future
streamflow of the Bouregreg basin in Morocco, which is the subject of this study.

[12] conducted a study aiming at estimating hydrological changes under climate change
scenarios working with the CNRM-CMS5 climate model from the NASA Earth Exchange
Global Daily Downscaled Projections (NEX-GDDP), and comparing the future period of
2040s (2030-2050) to the historical period (1982-2001).

According to the results of these estimates, which were used for hydrological modelling in
GR2M, annual streamflow will decline by 44.63% in the future under the emission scenario
RCP 4.5. The decline would be more pronounced under the pessimistic emission scenario
RCP8.5 reaching 64.3%.

[13] investigated the impact of climate change on water resources and specifically on the
environmental flow of Bouregreg basin using SWAT and the indicators of Hydrologic
Alteration program (IHA). Climate projections (precipitation and temperature) used in this
research belong to the Global climate CNRM-CMS and the studied period is the 2090s (2085-
2100) compared to the baseline (1990-2005), under RCP 4.5 and RCP 8.5. Results indicated
that by the end of the century (2090), the overall water yield is expected to decrease by 7%
under RCP 4.5 and by 45% under RCP 8.5.

The main goal of this study, is to evaluate the limit of available water resources in the
Bouregreg basin dams complex (Sidi Mohamed Ben Abdellah (SMBA)-Tiddas) under two
climate change scenarios of decreased streamflow chosen based on the literature. Simulations
using the model RIBASIM would give an insight about future possible withdrawals from
these two dams and discussions are made about desalination projects (Casablanca for
instance) and the interbasin transfer Sebou-Bouregreg as possible adaptation strategies in
order to secure future water supply.
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2 Material and Methods

2.1 Study area

The study is located in the Bouregreg-Chaouia Hydraulic Basin, which contain important
hydraulic infrastructures as the reservoirs SMBA (Sidi Mohamed Ben Abdellah) and Tiddas
on Bouregreg watershed. Indeed, SMBA was built on the Bouregreg River in 1979, while
Tiddas dam was implemented in 2022 and is roughly 5 kilometers west of the Tiddas village.
This reservoir was built to improve the Bouregreg River's water management. The SMBA-
Tiddas hydraulic complex is positioned as depicted in the following figure.

N

:

SMBA reservoir:
« Reservoir capacity: 920 MCM
+ Average inflow (1939-2022) : 640.8 MCM/y
* Sedimentation rate: 2.85 MCM/y
« Evaporation : 1436.3 mm/y

Tiddas reservoir:
« Reservoir capacity: 507 MCM
* Average inflow (1939-2022) : 168 MCM/y
« Sedimentation rate: 0.5 MCM/y
« Evaporation : 1436.3 mm/y

Fig. 1. Location of the water system SMBA-Tiddas into Bouregreg-Chaouia
watershed (Source: ABHBC, 2025)

2.2 Simulation model: RIBASIM

This study was conducted using River Basin Simulations (RIBASIM) software developed by

“Delft Hydraulics” in the Netherlands.

RIBASIM was created to assist basin stakeholders in planning and evaluating various water

allocation strategies at watershed level [14].

The model evaluates water supply compared to present and future water demands across time
frames and scenarios using the following function to assess the stock variation in dam

reservoir:

AV =VE — VS — EN x S x 107° ¢

Where:
AV: change in water stock (in MCM);

VE: volume of water entering the system (inflow) (in MCM);
VS: volume of water leaving the system or releases (outflow) (in MCM);

EN: net evaporation (in mm);
S: surface area of the dam reservoir (in Km?).
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This model, has been used by Moroccan water planners and policymakers for many years to

support strategic decisions regarding water allocations.

2.3 Data

2.3.1 Inflows

Inflows across the period (1939-2022) were afforded by the River basin agency of Bouregreg

Chaouia (ABHBC).

The total average inflow over this period is 640.8 MCM/y. The following table shows the

different time series taken into account in simulations.

Table 1. Inflows series modelled in the water system SMBA-Tiddas

Unit Node of inflow Average (1939-2022)
in MCM/y
Q1: Sidi Cherif 30.12
Q2: SCherif Khannoussa 1.95
Q3:SMBA Khannoussa 68
Q4a:Sidi Amar 145.54
Q4b: Khémis Sidi Amar 29
Bouregreg Q5:Sidi Jaber Khémis 13.9
Q6:SMBA_Sidi Jaber 52
Q7:Tiddas 168
Q8a:Sidi Omar 26.88
Q8b: AEzzaiar SidiOmar Tiddas 90.08
Q9: SMBA Aezziar 15.38
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Fig. 2. Schematization of the water system SMBA-Tiddas under RIBASIM
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2.3.2 Water demands

Simulations are made considering projected water demands of public water supply (PWS)
and irrigation (IRR) at the horizon 2050, according to the latest studies made by the river
basin agency of Bouregreg-Chaouia (ABHBC).

Table 2. Water demands modelled in the water system SMBA-Tiddas

Water demand by 2050 (MCMYy)
Tiddas 5.5
PWS Rabat 217.2
Casa 345.8
IRR Perimeter Tiddas 31.9

2.3.3 Scenarios of climate change that would be assessed

Climate change scenarios chosen in this study derive from the analysis of previous studies
related to Bouregreg watershed. Indeed, results of studies [12-13] using the CNRM-CMS5
climate model revealed that expected inflows reductions are around 7%-44.6% and 64%-
45% under moderate (RCP4.5) and severe (RCP8.5) emission scenarios respectively.
In addition to these researches, the PDAIRE of Bouregreg (the directory plan of integrated
water resources management) took into account a hypothesis of inflows reduction of 20% by
2050.
Taking into account these various expected levels of inflows reduction, in this study, two
plausible scenarios of inflows reduction in the future compared to the baseline period (1980-
2021) were adopted to analyse future water supply, which are:
e Scenario 1 of Climate change (SC1-CC): corresponds to a reduction of inflows up
to 30%.
e Scenario 2 of Climate change (SC2-CC): corresponds to a reduction of inflows up
to 40%.

3 Results and discussion

3.1.1 The hydraulic performance of the system

Simulations of the water system complex SMBA-Tiddas were carried out in two main phases.
The first phase focused on the reference period using the long inflow series (1939-2022) to
assess the overall system performance. The second phase considered only the shorter inflow
series (1980-2022). This part of the study is essential to evaluate system performance both
when including years with high inflows (before 1980) and when excluding them, thereby
providing decision-makers with insights about the system’s optimistic performance as well
as its behaviour under reduced average inflow conditions.

Table 3. Water supply from the system SMBA-Tiddas using a long and short time series of inflows

(MCMYy)
Longperiod 19302022) | shortperied 9802022 |
IRR (guaranteed in IRR (guaranteed in 80%
PWS | 80% of time steps) Total PWS of time steps) Total
302.7 31.9 334.6 297.7 20 317.7
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The simulations results (table 3) show a decrease in total water supply from 334.6 MCM/y
in the long period to 317.7 MCM/y in the short period (with an average inflow of 488.2
MCMYy), representing a reduction of about 5%.

It is important to highlight that results of simulations of Bouregreg basin for a period of
simulation (1941-2015) presented in the study of PDAIRE Bouregreg [15] revealed that the
volume of public water supply guaranteed at 100% from SMBA-Tiddas is: 301 MCMYy.
This volume is highly coherent with findings of the present study (table 3) which conducted
to 302.7 MCM/y guaranteed at 100 % (for a period of simulation (1939-2021)).

Through simulations of this study, it is remarked that the Public Water Supply (PWS) remains
relatively stable decreasing slightly from 302.7 MCM/y to 297.7 MCM/y (around 1.7 %
lower). However, the irrigation demand guaranteed in 80% of time steps (IRR) drops
significantly from 31.9 MCM/y to 20 MCM/y, a reduction of about 37%.
These results indicate that under recent inflow conditions, the system’s capacity to reliably
meet irrigation demands reduced, while Public Water Supply remains relatively secured.
Overall, the analysis suggests that:
e The system is resilient in maintaining PWS under less favourable hydrological
conditions.
e Irrigation reliability is more sensitive to reduced inflows, highlighting the need for
adaptive water allocation or efficiency measures.
e The difference between the two periods reflects a likely shift toward drier
hydrological conditions in recent decades.

3.1.2 Response of the hydraulic system to climate change

In this part, simulations are presented to assess the response of the water system by the
horizon 2050 under the two climate change scenarios, in comparison with the reference
scenario (period 1980-2022).
After extracting the potential water supply from the system respecting shortage criteria over
the simulation period (ensuring 100% reliability for public water supply and analysing
irrigation supply guaranteed at an 80% probability), the resulting water balance for the three
scenarios are summarized in table 4 below.
These water balance calculations take into account the Casablanca desalination plant project,
which is planned to be implemented in two phases:

- Phase I by 2026, providing 200 MCM/y for PWS,

- and Phase II by 2028, increasing the allocation for PWS to 250 MCM/y.
It should be noted that the effective volume considered from the Casablanca desalination
plant in this study is 175.1 MCM/y. This adjustment reflects the extraction of the portion of
supply that would be supplied from this desalination plant to zones already served by Sidi
Said Maachou and Daourat dams (downstream Al Massira dam). This is consistent with the
National Water Plan directive to preserve the water resources from these dams for local
demands.
In addition to Casablanca desalination water plant, another key climate change adaptation
measure considered in our analysis is Sebou-Bouregreg interbasin transfer. This project,
launched at the end of 2023, has already played a major role during the ongoing drought by
helping to secure water supply for the Rabat-Casablanca economic hub. The system has a
design flow capacity of 15 m%/s, corresponding to an annual transfer volume of approximately
400 MCM/y considered in this study.
It is also worth noting that this phase is part of a larger project, in which the second phase
will increase the flow capacity from Sebou to Bouregreg Basin to 45 m?/s. In the final phase,
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the transfer will be extended to interconnect with the Oum Er Rbia Basin, which is currently
experiencing declining surface water availability and rising water demand.

Table 4. Results of the water balance under the three scenarios: Without CC, under SC1 of CC, under

SC2 of CC
Scl CC:-30% of Sc2 CC:-40% of
Without CC inflow regarding the | inflow regarding the
(Period 1980-2022) period (1980-2022) | period (1980-2022)
Water demand 2050 Volume in MCM/y
PWS Rabat 217.2 217.2 217.2
PWS Tiddas 5.5 5.5 5.5
PWS Grand Casa 345.8 345.8 345.8
Sous total (1) 568.5 568.5 568.5
Irrigation upstream 319 319 319
Water Offer 2050
Bouregreg water offer
for PWS (2) 297.7 222.7 190.5

Bouregreg water offer
for IRR (guaranteed in
80% of time steps) 20 12.8 12.8

Desalination Casa (250 -
Water Demand Settat/

Berrechid) (3) 175.1 175.1 175.1

Difference (2+3-1) -95.7 -170.7 -202.9
Interconnexion Sebou (4) 400 400 400
Difference (2+3+4-1) 304.3 229.3 197.1

3.1.3 Discussion of results

Results, shown in the previous section, demonstrate the combined contribution of the
Casablanca desalination plant and the Sebou-Bouregreg interbasin transfer, in terms of
ensuring a reliable water supply for Rabat, the Grand Casablanca and Tiddas area. However,
the remaining volume that could be mobilized for the Oum Er Rbia Basin is projected to
decline from 304 MCM/y under the reference scenario (without climate change) to 229
MCM/y under the first climate change scenario (Scl: - 30% inflow) and to 197 MCM/y under
the second scenario (Sc2: - 40% inflow).

Overall, simulations indicate that PWS from the SMBA-Tiddas complex would decrease by
approximately 25% under (Scl) and 36% under (Sc2), while the irrigation supply guaranteed
in 80% of time steps would decline by 36%. This highlights the relative resilience of urban
PWS compared to irrigation, which is more sensitive to reduced inflows under climate
change.

Moreover, the preparatory study of Bouregreg PDAIRE [15] considered 20% inflows
reduction by 2050 compared to historical inflows and public water supply, which resulted in
a drop of PWS volume to 264 MCM/y. This indicates the sensitivity of the system to climate
variability, as was also shown by results of simulations of the present study, and supports the
necessity to adopt adaptations measures to reinforce the resilience of this system.
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Table 5. Water supply reduction from the water system SMBA-Tiddas under climate change (CC)
scenarios

https://doi.org/10.1051/e3sconf/202670801003

Summary of results

Scenario without CC SC1 CC (-30%) SC2 CC (-40%)
PWS (MCM/y) 297.7 2227 190.5
IRR (MCM/y) 20 12.8 12.8
Reduction PWS with CC -25% -36%
Reduction IRR with CC -36% -36%
350
297.7
- 300
s
(i) 250 222.7
190.5
£ 200
=
[oX
o 150
>
(%]
@ 100
g
20 20 12.8 12.8
0 [ — —
Scénario sans CC SC1 CC (-30%) SC2 CC (-40%)

Scenario of Simulation

HPWS mIRR

Fig. 3. Variation of water supply through the complex SMBA-Tiddas with climate
change scenarios

The substantial reduction in irrigation water supply under both climate scenarios suggests
that agricultural water management will require significant adaptation, potentially including
crop selection changes, improved irrigation efficiency, and alternative water sources. The
vulnerability of irrigation supplies compared to public water supply reflects the priority
allocation strategies embedded in current water management approaches.

Based on these findings, several strategic recommendations emerge for improving water
security in the Bouregreg basin. Priority should go to speeding up the implementation of
planned desalination plants and interbasin transfer projects as major adaptation options.
These projects are essential for maintaining water security under climate change scenarios.
The interconnexion of Sebou-Bouregreg for instance, which costed around 6 billion MAD,
was accomplished in a record time (10.5 months) and allowed to supply 12 million
inhabitants in the corridor Rabat-Casablanca beginning from the end of 2023 since SMBA
dam suffered from low storage during the last years due to low water scarcity.

In addition to Casablanca desalination plant, which is under execution through a Public-
Private-Partnership (PPP), a desalination plant is planned in Rabat which would decrease the
pressure on SMBA dam and reallocate its water resources for developing irrigation in
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Bouregreg region. It is worth mentioning that Morocco’s strategy in developing desalination
plants relies on developing renewable energy with these plants so as to reduce the cost of
each cubic meter produced. This conducted to an expected cost of 1 m* from Casablanca
plant around 4.5 MAD which is very competitive to the cost from previous desalination plants
in Morocco (which was around 10 MAD/m?).

These adaptation measures are projects that require high level of technicity and a cycle of
engineering studies, as well as provisions of the necessary equipment (such was the case for
Sebou-Bouregreg interconnexion which required for example 5118 units of the pipeline and
6 electropump groups), which justifies the need for simulation water supply under future
hydrological scenarios to guide decision-makers about the appropriate horizons to implement
this kind of projects. This was the interest of several authors across different water systems
[16,17,18].

Along with this, developing contingency plans for agricultural water demand management
becomes important, including drought-resistant crop varieties and precise irrigation
technologies to improve efficiency with limited water availability. Also, strengthening real-
time monitoring systems will allow a flexible management response. And finally, systematic
integration of climate considerations into all water infrastructure planning and policy
development will ensure long-term resilience in the basin’s water management.

The Bouregreg basin case study shows the challenges and opportunities of adaptation to
climate change for water resources. While significant impacts are expected, proactive
implementation of diversified supply strategies can maintain water security for critical urban
and economic areas. The success of these strategies will depend on sustained political
commitment, adequate financing, and adaptive management approaches that can respond to
changing conditions.

4 Conclusion

This study analysed the reaction of the SMBA and Tiddas dams complex, in the Bouregreg
basin under different climate change scenarios at the horizon 2050, using RIBASIM for
reservoirs and water allocation simulations. The results reveal significant vulnerabilities in
the region's water supply system and highlight the urgent need for adaptive management
strategies.

The analysis demonstrates that climate impacts are already observed when comparing
different historical periods. Using inflows from the short time series (1980-2022) and the
long time series (1939-2022), simulations resulted in a 2% reduction in average water supply
for drinking water demand and a substantial 37% decrease in guaranteed irrigation volumes
(at 80% reliability). This finding underscores that recent climatic variations have already
begun affecting the basin's water resources.

Under future climate change scenarios, the impacts intensify considerably. The SMBA-
Tiddas complex would experience reductions in public water supply of 25% under the first
climate scenario (30% inflow reduction) and 36% under the more severe scenario (40%
inflow reduction). Irrigation supply guaranteed at 80% reliability would decrease by 36%
under both scenarios, indicating particular vulnerability in the agricultural sector.

Despite these challenges, the water balance analysis incorporating planned adaptation
measures shows promise for meeting future demands. The combination of the Casablanca
desalination plant (contributing with 175 MCM/y for the water demand in the study area) and
the Sebou-Bouregreg interbasin transfer (400 MCM/y) would successfully secure water
supply for Rabat, Grand Casablanca, and the Tiddas area at 2050. However, the remaining
volume available for potential transfer to the Oum Er Rbia basin would decrease from 304
MCM/y under current conditions to 229 MCM/y and 197 MCM/y under the two climate
scenarios, respectively.
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These results highlight the critical importance of diversifying water supply sources and
implementing adaptation strategies proactively. The successful integration of desalination
and interbasin transfer demonstrates that technological and infrastructure solutions can
effectively mitigate climate change impacts, though at considerable financial investment.
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