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affects these areas. Both in theory and in real life. Climate change is likely to become a growing concern for
water professionals in Morocco, as in all regions of the world. The Tensift basin, one of the largest in Morocco,
is already suffering from the problem of dwindling water resources. Combined with the risk of a reduction in

these resources as a result of climate change, this problem calls for new thinking in terms of socio-economic
development guidelines and strategies. The aim of this work is to study the relationship between water
resources and climate change in the case of the Tensift basin, by exploring water resources, climate change
and related mechanisms, based on data from the Tensift Water Basin Agency.
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1. INTRODUCTION

Climate change is defined as a period of 10 years or more in which the
average condition of the climate and its deviations experience one or more
substantial changes that combined, according to statistics, are statistically
significant (Moussa, etal., 2012; Brouyere et al., 2022; Ouhamdouch et al,,
2018). The implications of climate change are wide-ranging and
multifaceted and include both good and negative outcomes (Bellal et al,,
2020). Future climate change will have the greatest impact on the
sustainable development of regional, national, and even global areas as it
not only impacts the hydrological, biological, and ecological systems but
also the economic and human existence (Bekkar et al.,, 2023). A crucial
component of the hydrologic cycle and water resources is the connection
to climate change (Elassassi et al, 2022). Climate influences, namely
rainfall and temperature variations, have an impact on water resources
through changes in water and water quality. And it is made possible by
modifications to the different water cycle linkages (Folton et al,, 2012;
Vecchio and Kuper, 2022). It was noted in the 2007 IPCC Fourth
Assessment Report that throughout the previous century, the global
temperature has risen by 0.6 to 0.8°C (Change, 1990; Change, 1990;
Benchrifa et al,, 2022 ; Masson-Delmotte et al, 2022). Similar to many
other dry and semi-arid Mediterranean regions, Morocco has had severe
droughts in recent years, mostly since the 1960s, which has had a
devastating effect on precipitation and, in turn, the number of mobilized
water resources (Ghizlane, et al., 2022; Hassani et al, 2021). Water
shortages that have affected the supply of water for various industries
(agricultural, urbanization, manufacturing, etc.) during the past several
years have had a major effect on the economy of the nation (Qadem, 2015;
Mabrouki et al.,, 2022; Taibi, 2003).
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This paper is based on in-depth research into the relationship between
water resources and climate change in the case of the Tensift basin,
exploring water resources, climate change and related mechanisms. The
analysis will be based on the study of elaborate scenarios on the impact of
climate change on the basin and GHG emissions.

2. MATERIALS AND METHODS
2.1 Characterization of The Study Area

The Oued Tensift rises in the High Atlas Mountains at an altitude of 4,000
meters. Some 250 km long, it flows into the Atlantic Ocean after receiving
contributions from numerous tributaries particularly on the left bank
figure 1. The most important of these originate in the High Atlas, including
the Rdat, Zat, Ourika, Rheraya, and N'Fis wadis (Ouhamdouch, et al.,
2018),. The Tensift watershed is characterized by the presence of active,
semi-active, and non-active basins: of the 19,400 km2 of the total
watershed, the truly active part is only 7,800 to 8,000 km2. The Oued
Tensift basin is characterized by the presence of two distinct parts: The
southern part of the basin corresponds to the northern flank of the Atlas
Mountains, and is occupied by medium-sized basins (200 to 1500 km?),
well-watered and very steep, which constitute the left bank tributaries of
the Oued Tensift. The rest of the basin corresponds to the downstream
course of these tributaries, to the course of the Oued Tensift itself, and to
the small basins which constitute the right bank tributaries of the Oued
Tensift. This part of the basin is not very steep and receives little water
(Tanouti, 2017; Benchrifa et al., 2023).

Website: DOI:

www.watconman.org

10.26480/wcm.04.2024.461.465

Cite The Article: Ghizlane Fahdi, Driss Azdem, Aziza Lamchaimech, Mounia Benrhanem, Jamal Mabrouki, Souad El hajjaji (2024). Analysis of The Impact of
Climate Change on Water Resources: Case of The Tensift Basin (Morocco). Water Conservation & Management, 8(4): 461-465.




Water Conservation & Management (WCM) 8(4) (2024) 461-465

Figure 1: Limit of the Tensift hydraulic basin.

The whole of the Haouz plain between Marrakech and Mejjate is part of
the semi-arid continental climate zone, with low rainfall (annual average
of 250 mm) and low humidity (Tanouti and Molle, 2013). The spatial
distribution of rainfall reflects the influence of distance from the Atlantic
and altitude: 190 mm in Chichaoua, 250 mm in Marrakech, and 490 mm in
Amezmiz. Temperatures here are high, with very wide daily and annual
temperature ranges: very high summer temperatures (average maximum
38°C) and low winter temperatures (average minimum 5°C). The
temperature contrasts are remarkable (Hajhouji, 2024). There are notable
daily and yearly temperature differences. The Jbilets (Figure.2) climate
stations are situated on the perimeter, on the lower slopes. It is not
possible to measure directly how the climatic gradients change with
height. There are significant temperature variations and a semi-arid
environment. Rainfall occurs between 250 and 270 mm every year (Haida
etal,1996; Zamrane, 2016).
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Figure 2: Tensift watershed.

To study the consequences of climate change on water resources, the area
corresponds to the action zone of the Tensift Water Basin Agency (ABHT),
which covers a surface area of 24,800 km2, i.e. almost 3% of the country's
total surface area. It should be noted that the Department of Water
Research and Planning recently carried out a study on “integrating climate
change into water resource planning in Morocco” (Benchrifa et al., 2023).

Various scenarios are available in the literature to represent a range of
possible future projections. These scenarios include: In the CMIP3 (AR4)
project, the scenarios used are the SRES (Special Report on Emissions
Scenarios). These are different hypotheses of socio-economic
development that generate different levels of greenhouse gas (GHG)
emissions. For the CMIP5 (AR5) project, new scenarios have been defined
to take account of recent developments, such as the rapid growth of
emerging countries, and also to extend the projections beyond 2100. The
approach consisted in setting ‘targets’ for the concentration of GHGs in the
atmosphere, and then developing socio-economic scenarios that could
generate each of these concentrations. The graph below compares the
(SRES) and (RCP) scenarios (Benchrifa et al., 2023).

3. RESULTS AND DISCUSSION

To study the consequences of climate change on water resources, the area

corresponds to the action zone of the Tensift Water Basin Agency (ABHT),
which covers a surface area of 24,800 km2, i.e. almost 3% of the country's
total surface area. It should be noted that the Department of Water
Research and Planning recently carried out a study on “integrating climate
change into water resource planning in Morocco” (Benchrifa et al., 2023).

3.1 Water Quality Model Test
3.1.1 Surface Water and Groundwater Resources

Surface water resources are highly irregular and unevenly distributed. The
High Atlas is the water tower for surface run-off, since the most important
wadis originate there, while the plain is a transitional zone for water use
(Mahmouhi et al,, 2016; Ezaidi and Ait Tirri, 2002). Torrential run-off,
which occurs following storms or intense rainfall, is collected by the
Tensift hydrographic network, which drains it into the ocean. These
resources are threatened by a problem of increasing scarcity, accentuated
by years of drought. This problem has already resulted in the over-
exploitation of groundwater and water transfers from an adjacent basin:
the Oum Rabii basin (Agoumi and Debbarh, 2005; Panagopoulos et al.,
2011).

As table 1 shows, in total, the potential of the Tensift basin totals 665.3
Mm3 over the period 1945-2016, which is comparable with the 677.2
Mm3 estimated in the 2010 PDAIRE study (supplies observed at supply
sites, without taking into account the volumes drawn by the PMH). In
terms of distribution, it should be noted that the Nfis sub-basin (194 Mm3)
generates around 29% of the Tensift basin's total input (Bellal et al., 2020;
Elassassi et al.,, 2022; Marofi, 1999).

Table 1: Surface water inputs to the Tensift basin (1945-2016)
(Benchrifa et al., 2023).
Basin Sub-basins Parzﬁzgg)uts cum?nIl)g(()Bl;ltm3)
Herrissane 9.2
Imizer 76.7
Bvi Oulad Mansour 7.1
Ait Ziat 108.1
Timalizene 134.2
Tensift Moulay Brahim 49.4 665.3
Yaacoub Al Mansour 133.6
Amezmiz 12.8
Bvi Lalla Takerkoust 47.5
Taskourt 41.3
Boulouane 45.4

3.2 GHG Emission Scenarios

Based on various assumptions, greenhouse gas (GHG) emission scenarios
are forecasts that are used to anticipate possible future climates. The A1,
A2, B1, and B2 scenarios are included in the IPCC's Special Report on
Emissions Scenarios (SRES), which represents different rates of economic
expansion, advances in technology, and changes in governmental
initiatives (IPCC. 2024). Different future GHG emission paths and their
effects on radiative forcing are described by Representative Concentration
paths (RCPs), such as RCP2.6, RCP4.5, RCP6.0, and RCP8.5. Shared
Socioeconomic Pathways (SSPs) provide comprehensive frameworks for
studying climate change consequences, mitigation, and adaptation based
on socioeconomic trends (Benchrifa et al., 2023). Examples of SSPs
include SSP1 (sustainability), SSP2 (middle of the road), SSP3 (regional
competition), SSP4 (inequality), and SSP5 (fossil-fueled development)
(Change, 1990; van, 2023). The results of studies utilizing these scenarios
varied widely, from large emission reductions and sustainable growth in
SSP1 and RCP2.6 to high emissions and sluggish economic growth in SSP3
and RCP8.5, underscoring the significance of technical and policy decisions
in determining future emissions (Masson-Delmotte et al., 2022; Butphu
and Kaewpradit, 2022; Bencheikh et al,, 2020).

In order to account for the long-term uncertainty for many of the driving
variables, the range of GHG emissions in the scenarios gets wider with
time. After 2050, this widening is mostly due to various socioeconomic
events (Benchrifa et al.,, 2023).
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Figure 3: GHG emission scenarios used in AR4 and AR5 (Benchrifa et al,,
2023)

According to the various drought scenarios (Figure.3), the economic
impacts range from 4.2 billion dollars (historical drought with a 500-year
recurrence) to 7 billion dollars (drought with a 500-year recurrence in a
severe climate change scenario - RCP 8.5 - in 2050), causing a loss of 1.8 to
3.5 percentage points to GDP while reducing the capital adequacy ratio of
banks by 1.3 to 2.2%. The analysis highlights the significant amplification
effects of climate change in all the scenarios (Change, 1990 ; Hassani et al.,
2021; Benchrifa et al., 2023; Bencheikh, 2020; Voldoire, A., 2013).

4. IMPACT OF CLIMATE CHANGE ON WATER SUPPLIES

The feeder sites selected for the DRPE study are as follows (Benchrifa et
al, 2023).

Basin Serial number Sub-basins
Qo0 HERISSANE
Q1 IMIZER
Q2 AIT ZIAT

Tensift Q3 OURIKA (TIMALIZEN)
Q4 MY BRAHIM (TAHANAOUT)
Q6 WIRGANE
Q7 AMIZMIZ

Change in rainfall and T° according to the different scenarios

Basin Serial number Sub-basins
Q8 LALLA TAKERKOUST
Q9 TASKOURT
Q10 BOULAOUANE
Q11 OULAD MANSOUR
Q12 BOU-IDEL
Q13 TALMEST

The feeder sites selected for the DRPE study are as follows (Benchrifa et
al, 2023).

The annual and seasonal series of mean annual rainfall (MAR), mean
annual temperature (MAT) and runoff were plotted on the same graph in
order to assess the quality of the data used in the multiple regression
analysis. These graphs clearly point out the relationships between the
three variables and allow the identification of obvious shifts in the data.
MAR is highly variable and it is therefore more difficult to discern a clear
relationship with runoff. The figures below show the annual series of MAR,
MAT and runoff parameters, by sub-basin (Benchrifa et al., 2023).
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Figure 4: MAR, MAT and annual runoff for ABHT (Benchrifa etal.,, 2023)

The analysis revealed that the results of the variability analysis of the
change in precipitation and temperature are highly variable. For the
models considered in the DRPE study, the variation in temperature is
between +1 and +2.5°C. On the other hand, the variation in rainfall is
between -30% and +3%.
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Figure 5: Data on the variation in climatic parameters in the scenarios for Morocco (Benchrifa et al., 2023)

Cite The Article: Ghizlane Fahdi, Driss Azdem, Aziza Lamchaimech, Mounia Benrhanem, Jamal Mabrouki, Souad El hajjaji (2024). Analysis of The Impact of

Climate Change on Water Resources: Case of The Tensift Basin (Morocco). Water Conservation & Management, 8(4): 461-465.




Water Conservation & Management (WCM) 8(4) (2024) 461-465

450%

ABHT Q2, Q5-Q9, Q13, Q15

400%

woow
Q w
9 o
F =

N
o
Q

1
o
2

Pourcentage du volume du PDAIRE
-
Q n
(=} (=]
£ 8

]
o
&

g ninmn

Jan  Feb Mar Apr May

ep  Oct  Nov

Dec

m pdaire WEBCCR [ ==tV E] ECHAM_r1 W ECHAM _r2

ECHAM_r3_Al MECHAM r3_A2 Mcsito afdl

160%

ABHT Q2, Q5-Q9, Q13, Q15

H
=
5

H
v
e

,_.
o
9

80%

60%

A0%

Pourcentage du volume du PDAIRE

20%

0%

Annual

W Pdaire EBCCR mCCsSM3 ECHAM _r1 WECHAM _r2

ECHAN _r3_A1 MECHAM r3_A2 mcsiro efdl

Figure 6: Comparison between climate change adjusted volumes and
IWRAP volumes for the sub-region - Q2, Q5 to Q9, Q13 (Benchrifa et al,,
2023)

These results (Figure 5 and Figure 6) show that the models that produce
the greatest and least change in precipitation are not the same for each
season. For the seasonal change in variable temperature, the majority of
models indicate an increase in temperature for all seasons. Although the
csiro model indicates an increase in precipitation, there is a decrease in
the volume of runoff. For this reason, this model induces an increase in
temperature, which produces a decrease in runoff volume.

The scenarios, which are typical in the literature, encompass a broad range
of the primary demographic, economic, and technical driving drivers of
GHG. Of the four stories, each scenario is a certain quantitative
interpretation (Fattah et al., 2021). Additionally, a variety of government
policies, including those pertaining to resource usage, pollution control,
social and economic growth, demographic shifts, and technology
advancements, can have an impact on the factors that drive greenhouse
gas emissions (Mabrouki et al., 2022). The resulting events and narratives
substantially reflect this impact. It is advised that any investigation employ
arange of SRES scenarios with different driving force assumptions (Fattah
et al, 2021). For most studies, therefore, more than one family should be
considered. The key unknowns, which range from emissions to driving
factors, could alter depending on the application (Ouharba et al,, 2024). A
few examples include policy analysis, climate modeling, impact
assessments, vulnerability assessments, mitigation strategies, and
possibilities for adaptation (Nan et al,, 2011).

5. CONCLUSION

The Tensift basin has a water deficit. In the absence of an appropriate
regional water policy, and with climate change, this deficit is set to
increase and would ultimately threaten the quality of life of the population,
thus prompting integrated reflection by the various stakeholders in
different sectors (water resources, agriculture, and urbanization,
tourism...) in order to achieve balanced, rational and sustainable
management of water resources. The study of how climate change affects
water resources will likely focus on improving the accuracy of
hydrological models under conditions of land surface parameter changes,
developing accurate regional development space and time climate
scenarios, perfect distributed hydrologic models, and developing land
surface development models that use two-way coupling techniques.
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