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Abstract: This study analyzes the spatiotemporal variability of precipitation at the scale of the
Moulouya watershed in eastern Morocco, which is very vulnerable to the increasing water shortage.
For this purpose, we opted for wavelet transformation, a method based on the spectral analysis of
data which allows for periodic components of a rainfall time series to change with time. The results
obtained from this work show spectral power across five frequency ranges of variability: 1 to 2 years,
2 to 4 years, 4 to 8 years, 8 to 16 years, and 16 to 32 years. The duration of significant power at these
frequencies is generally not homogeneous and varies from station to station. The most widespread
frequency over the entire study area was found in the 4- to 8-year range. This mode of variability can
last up to 27 consecutive years. In most of the basin, this mode of variability was observed around
the period between 1990 and 2010. Oscillations at 8 to 16 years in frequency appear in only five series
and over different time periods. The 16- to 32-year mode of variability appears in 15 stations and
extends over the period from 1983 to 2008. At this level, signal strength is very weak compared to
other higher-frequency modes of variability. On the other hand, the mode of variability at the 1-
to 2-year frequency range appeared to be continuous in some stations and intermittent in others.
This allowed us to regionalize our study basin into two homogeneous clusters that only differ in
variability and rainfall regime.

Keywords: monthly precipitation; variability; wavelet transformation; Moulouya watershed; Morocco

1. Introduction

In a context characterized by global warming, over the last century, climate change
has had an increasing impact on natural environments and human societies [1]. The
disturbances of the statistical properties of climatic parameters due to this change of climate
qualify as a major problem for the 21st century [2]. Indeed, the majority of the studies
carried out show a generalized increase in the average annual air temperature, an increase
in the frequency of extreme climatic and hydrological events, and disturbances in the
spatiotemporal distribution of precipitation [3–9]. Therefore, the problem of climate change
takes center stage in the concerns of both scientific researchers and political actors [9,10].

Rainfall is the most important component of climate for both people and ecosys-
tems [11]. This importance increases in arid and semi-arid regions suffering from structural
water scarcity and recurrent droughts. These environments are very vulnerable to high
rainfall variability [12,13]. Moreover, monitoring the evolution of precipitation over time
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and space in arid environments is difficult [14,15]. The spatiotemporal variability of rainfall
also depends on the local geographical conditions of each recording station.

In Morocco, the semi-arid to arid zones cover about 85% of the country and overlap
with flat areas [16], crossed by the main rivers and containing fertile arable soils [17,18].
Because the country’s economy is largely based on agricultural income, a large area of these
zones is intended for agriculture and influenced by rainfall [19]. Between 2008 and 2018,
the weight of the agriculture in the GDP varied between 12% and 14% with an average
of 12.8%. Thus, the contribution of the agricultural sector to economic growth increased
significantly from 7.3% to nearly 17.3% during the same period [20,21].

Rainfall in Morocco is characterized by high spatiotemporal variability and prolonged
dry spells, which have occurred mainly in recent decades [22–24]. However, the area’s
annual rainfall does not trend in the same direction in all of the country’s watersheds.
Filahi et al. [25] detected a trend towards an increase in extreme precipitation and rainfall
intensity and a decrease in the number of rainy days in parallel. Abahous et al. [26]
reported a general trend towards decreased precipitation in the Sous-Massa region with
low statistical significance. The same result was shown by Kessabi et al. [27] in the Fez-
Meknes region. Khomsi et al. [28] stated that precipitation showed different trends within
each of the Bouregreg and Tansift watersheds, whereas an overall decrease in precipitation
was shown by Bouchaou et al. [19].

Other authors conducted studies on the variability of rainfall at the scale of the Maghrib
or North Africa. In this context, Nouaceur et al. [29] reported the beginning of a gradual
return to wetter conditions since the early 2000s in Algeria and Tunisia and from 2008 for
Morocco. In addition, Achite et al. [30] detected a slight positive trend in annual rainfall in
the Oued Sly watershed in northern Algeria. On the other hand, Jemai et al. [31] found no
trend in rainfall in the northern part of Tunisia.

The Moulouya watershed, which covers almost the entire eastern administrative
region of the country, is a good example of an arid area heavily occupied by agricultural
activities [32], as it is very vulnerable to the adverse effects of drought and characterized by
high demand for water resources [33,34]. For this reason, we focused in this work on the
impact of climate change on rainfall variability in this basin.

The choice of the most efficient method for the analysis of rainfall variability is dif-
ficult because there are several methods and approaches in the climate and hydrological
literature [35]. Most of them do not simultaneously reveal their time–frequency content. On
the other hand, in the process of studying the spatiotemporal variability of time series, it is
common to perform a spectral analysis [36,37]. Approaches based on this type of analysis
are suitable for the treatment of time series at the time–frequency scale [38].

Knowing that rainfall time series data are not stationary and show (quasi-) periodici-
ties, albeit with changing periods and strengths, several methods should be used to study
these series [39]. The most frequently applied of these methods is wavelet analysis (wavelet
transform and wavelet spectrum), which gives a two-dimensional description of the time
series (both for time and frequency) [34,40,41].

Recently, wavelet analysis was successfully applied in scientific work related to rain-
fall [42,43] because it provided a comprehensive representation of localized and transient
phenomena occurring at different time scales [35,44,45]. Thus, particular features of the
physical process, such as intermittent oscillation patterns and changes in periodicity, could
be identified [46].

Wavelet frequency analysis is also used in many fields where time series data are a
central subject of study, including fields ranging from climatology to hydrology, economics,
astronomy, physiology, physics, geology, and others [46,47]. Reviews of the hydrological
applications of wavelets exist [48].

Given this context, the first part of the study aimed to extract the temporal variability
modes of precipitation in the Moulouya basin in northeast Morocco using wavelet analysis.
The main objective of this step was to identify periodic or quasi-periodic patterns in the
rainfall series and to evaluate how these oscillation modes varied in the study area. The
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wavelet spectra may reveal time-varying patterns in the main oscillation modes of the time
series, which could provide evidence of intensification or attenuation of drought events in
the study sites. In addition, the results extracted from the wavelet analysis could indicate
(relatively) homogeneous regions subject to similar periodic patterns.

2. Materials and Methods
2.1. Study Area Description

The Moulouya basin (Figure 1) is located in the northeastern part of Morocco and cov-
ers an area of about 55,000 km2, according to the Moulouya River Basin Agency (ABHM).
The main watercourse of the Moulouya is 600 km long. It takes its sources at the junc-
tion of the Middle Atlas massif and the High Atlas and flows northeastward into the
Mediterranean at Ras El Ma [32,49]. Administratively, this basin overlaps, entirely or
partially, on the territories of the provinces of Nador, Figuig, Jrada, Oujda-Angad, Berkane,
Taourirt, Guercif, Taza, Boulemane, Midelt, and Khenifra, with a total population exceeding
2.5 million inhabitants.

Figure 1. Geographical location of the Moulouya watershed.

The water supply of the Moulouya plays an important role in the national agricultural
economy [50]. Indeed, according to the Ministry of Agriculture, Maritime Fishing, Rural
Development and Water and Forests, the contribution of the first seven provinces, which
make up the eastern administrative region, is estimated to be 14% for citrus, 10% for olives,
9% for sugar beets, and 8% for red meat [33,51].

The large area and the diversity of the relief of the Moulouya watershed make the
climate very variable from one region to another. The climate varies from a Mediterranean
type in the lower Moulouya to a relatively cool continental climate in the Upper Moulouya
and to arid with Saharan tendencies in the Guercif basin towards the highlands of the
Middle Moulouya [32,49,52]. Annual rainfall is relatively low and irregular. Annual
cumulative rainfall can vary from less than 100 mm to just over 600 mm [53]. Snowfall
generally occurs above 1500 m altitude and persists only above 2000 m altitude on the
mountain peaks of the Middle and High Atlas and sometimes on the high plateaus.
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2.2. Observed Climate Data Sources and Station Selection

The data used in this study are monthly rainfall amounts. They were collected from
the National Meteorological Services, the Moulouya River Basin Agency (ABHM), and the
Water, Forestry and Desertification Control Department (EFLCD) at 35 stations located in
or around the Moulouya basin (Figure 1 and Table 1). The choice of data sets is based on
quality, reliability, geographical location, and the percentage of gaps in their chronicles.
Thus, to properly detect rainfall variability over time, the duration of the data records is
also of primary importance, and our series oscillated between 1970 and 2019.

Table 1. Geographical locations of stations. Code of the coordinate system used is EPSG:26191.

Name ID Longitude Latitude Elevation

Bab Azhar S1 −4.265918 34.046246 788

Bab Bouidir S2 −4.125435 34.068080 1543

Bab Louta S3 −4.331743 34.015481 575

Bechine S4 −3.931068 34.084582 970

Belfarah S5 −3.705054 34.112617 512

Beni Bouiloul S6 −3.979200 33.562500 1882

Berkine S7 −3.847212 33.766181 1287

Guercif S8 −3.357308 34.219526 362

Maghraoua S9 −4.049149 33.934194 1140

Missour S10 −3.999194 33.045993 891

Mrija S11 −3.276919 33.995082 667

Outat El Haj S12 −3.701842 33.332709 763

Ras Laksar S13 −3.750186 33.961651 726

Saka S14 −3.061494 34.539729 240

Taddert S15 −3.593560 34.216035 445

Tahla S16 −4.426335 34.047740 571

Tamjilt S17 −4.015090 33.643434 1645

Tandit S18 −3.622948 33.663278 667

Taza S19 −4.009750 34.219546 522

Tazzeka S20 −4.183007 34.089941 1971

Zrarda S21 −4.375925 33.973901 841

Rechida S22 −3.226150 33.873550 1080

Aknoul S23 −3.841523 34.649155 1000

Ansegmir S24 −4.927237 32.577055 1400

Khenifra S25 −5.665032 32.943861 836

Midelt S26 −4.745622 32.641576 1497

Taourirt S27 −2.876744 34.415103 358

Zaida S28 −4.961640 32.809918 1457

Tabouazant S29 −5.066797 32.552164 1645

Aguelman Sidi Ali S30 −4.994316 33.079951 2089

Ait Aissa S31 −5.068743 33.164349 1905

Dar El Hamra S32 −4.371116 33.695517 1142
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Table 1. Cont.

Name ID Longitude Latitude Elevation

Tighezratine S33 −3.899818 34.683683 1115

Elmers S34 −4.393494 33.458244 1242

Ait Khabbach S35 −4.823201 33.385776 1491

Unfortunately, the majority of measurement stations in the basin are distributed along
the Moulouya wadi or on its main tributaries. Indeed, the eastern side of the basin remains
poorly covered in terms of stations recording climatic data. Furthermore, most of these
recording stations are located at low altitudes, which can limit the results of our work.

As in many regions of the world, some of our series are not complete and have
gaps that need to be filled. For this purpose, and in order to test the quality of the data,
we opted for the Climatol tool (version 3.1.1) https://www.climatol.eu/, accessed on
15 December 2022, which is recommended by several climate researchers [54–57]. The
stations from which data were collected are summarized in the table below.

2.3. Methodology—Continuous Wavelet Transformation

After homogenization, verification of data quality, and filling the data gaps, the
Wavelet Power Spectrum (WPS) method was used to analyze the spatiotemporal variability
of rainfall at the scale of the Moulouya watershed.

Spectral wavelet methods can be used to show the evolution of rainfall over different
temporal scales [58,59]. Continuous wavelet analyses, which we chose in this study, allow
temporal localization of the variability of a given signal. The choice of this type of wavelet
transform is justified by its robustness for climatic time series due to the wide range of
possible dominant frequencies. Moreover, it is an efficient method to analyze non-stationary
signals. The signal is decomposed in both time and frequency, which allows the correct
description of climatic fluctuations, periodic or not [60].

Grossman and Morlet [61] introduced the wavelet transform, which, unlike the Fourier
transform, decomposes the signal into a sum of finite size functions localized in time for
each frequency identified in the signal [62,63]. For this, a parent wavelet is dissociated into
daughter wavelets to find the given frequency and then translated to analyze neighboring
frequencies. Thus, these analyses were developed to overcome the disadvantages of
classical Fourier analysis, which assumes that the periodic behavior is the same across all
parts of the time series [44]. The daughter wavelets are the result of the decomposition of
the reference wavelet (mother wavelet). Each wavelet has a finite length (a scale) and is
strongly localized in time [37,64,65]. The wavelet can be characterized by its location in
time (t) and frequency (ω or bandwidth). The parent wavelet ψ(t) includes two parameters
for time–frequency exploration: a scale parameter a and a temporal localization parameter
b (Equation (1)):

ψa,b(t) =
1√
a

ψ

(
t− b

a

)
(1)

where a is the scale parameter that measures the degree of compression, and b is the
translation parameter that determines the temporal location of the wavelet. If |a| < 1, then
the wavelet in Equation (1) is the compressed version (smaller time-domain support) of
the parent wavelet and corresponds primarily to higher frequencies. When |a| > 1, then
ψa,b(t) has a larger time width than ψ(t) and corresponds to lower frequencies. The success
of Morlet wavelets in signal processing and time–frequency analysis of the signal depends
on matching the time widths to their frequencies. In other words, the product of a complex
exponential wave and a Gaussian envelope gives the Morlet wavelet:

ψ0(
η) = π−1/4eiω0ηe−η2/2 (2)

https://www.climatol.eu/
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where ψ0(
η) is the wavelet value at dimensionless time η, and ω0 is the dimensionless

frequency. In order to satisfy an admissibility condition for this study, ω0 = 6. This implies
that the function must have zero mean and be localized in both time and frequency space
to be “admissible” as a wavelet. This is the basic wavelet function, but it is also necessary
to change the overall size of the wavelet and drag the entire wavelet in time. Thus, the
“scaled wavelets” are defined as:

ψ

[
(n′ − n)δt

s

]
=

(
δt
s

)1/2
ψ0

[
(n′ − n)δt

s

]
(3)

where s is the “dilation” parameter used to change the scale, and n is the translation
parameter used to slide in time. The factor s−1/2 is a normalization to keep the total energy
of the scaled wavelet constant. Given a time series X with values of xn at time index n, each
value is separated in time by a constant time interval dt. The wavelet transform Wn(s) is
simply the inner product of the wavelet function with the original time series:

wn(s) =
N−1

∑
n′=0

xn′ψ*
[
(n′ − n)δt

s

]
(4)

where the asterisk ψ* represents the complex conjugate, and N is the number of points in
the time series.

The applied work was carried out in the RStudio software and by using the open-
source and freely downloadable WaveletComp package.

Finally, the power spectrum produced for a given time series is a combination of
any cyclicity in the natural process involved and noise. The contour lines in Figure 2
and Figure 4 identify peaks of greater than 95% confidence for a red noise process with
a lag-1 coefficient α of 0.18 following Monte Carlo analysis based on the univariate lag-1
autoregressive process. It must not be presumed that regions of the power spectrum out of
these 95% confidence level areas are the product of noise only. Cyclic processes may also
be present in these regions but influence the power spectrum to a lesser extent that is not
clearly distinguishable from noise. The coefficient α is series-specific and is estimated for
each series.

The WPS shown in these figures is represented in terms of color scales from dark red
(high power) to dark blue (low power). The portion shown in the figures with blurred
colors indicates the cone of influence (COI), in which the calculated wavelet power is
unreliable due to edge effects.

The average wavelet power (AWP) calculated for each station is also presented in
Figure 3 and Figure 5. The red dashed curves in these figures represent the 95% significance
level for AWP [66].

3. Results

The results obtained from the transformation of the precipitation series into wavelets
are presented in Figures 2 and 4. These figures show the WPS for each station.

We considered five frequency ranges of significant variability at the 95% threshold
that were observed in our time series from 1970 to 2019: periods of 1–2 years, 2–4 years,
4–8 years, 8–16 years, and 16–32 years. Generally, the durations of significant periodicity
within these frequencies varies from one station to another, with high variability known
in the Mediterranean region and especially in its southern part. The most widespread
frequency over the entire study area was that of 4–8 years. This mode of variability can last
up to 27 consecutive years, as in the case of the Elmers station (S34) (Table 2). In the rest of
the basin, this mode of variability is observed around the period of 1990 and 2010 (Table 2).
Significant oscillations between 8 and 16 years in frequency appear as spots in only five
series with different durations. The same is true for the 16–32 years mode of variability,
which appears in 15 stations and spans the period from 1983 to 2008. At this level, signal
strength becomes very weak compared to the other higher-frequency modes of variability.
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Table 2. The time variation of the rainfall variability modes extracted from the continuous wavelet
analysis in the Moulouya basin.

1–2 2–4 4–8 8–16 16–32

S1 1970–2014 1995–2002 1997–2014

S2 1970–1998; 2001–2005;
2008–2014 1995–1997; 2009–2012 1993–2014 1974–1996

S3 1970–1991; 1993–2014 2010–2012 1995–2010 1983–2008
S4 1970–2014 1995–2012 1983–2008
S5 2008–2012 1983–2008
S6 1973–1983; 1995–2000 1990–2001 1983–2008
S7 1972–1981 2000–2012
S8 1975–1980; 2008–2015
S9 1970–1981; 1985–2014 1999–2012 1983–2008
S10 1978–1981
S11 1973–1984 2008–2012
S12 1974–1979
S13 1985–1993
S14
S15 1998–2011
S16 1970–1980; 1983–2014 1996–2000 1990–2010
S17 1972–1988 2010–2014 1976–2010
S18 1978–1984 1973–1982; 1993–2000
S19 1970–2014 1995–2005 2000–2015

S20 1970–1990; 1992–1996;
1999–2014 2012–2015 1995–2012

S21 1970–2019 1992–2008 1983–2008
S22 1999–2001 1998–2014 1983–2008
S23 1970–1990; 1995–2014 1993–2013
S24 1992–2012 1995–2012 1983–2008
S25 1970–2004; 2008–2014 1993–2011 1990–1998

S26 1972–1983; 1993–1996;
2011–2013 1983–2008

S27
S28 1983–2008 1980–2010
S29 1994–1998 1990–2010
S30 2010–2014 1992–2011 1980–2010
S31 2006–2015 1990–2015 2003–2010
S32 1970–2018
S33 1970–1992; 1995–2018 1995–2013
S34 1987–2014 1978–2011
S35 1975–1980 1991–2010 1983–2008

The most important result in this study is that of a very strong signal, dark red in the
color scale, which is observed as a band of 1–2 years in frequency. This signal is continuous
or almost continuous from 1970 to 2014 in one group of stations and discontinuous or
intermittent in the others. This shows that, from the point of view of rainfall variability,
there are two clusters of data in our study area. That is, the series we have does not have
the same pattern of variation with time.

The first cluster consists of 13 stations (Figure 2 and Figure 6) whose 1- to 2-year
band is significant and continuous at least from 1970 to 2014. Thus, the average signal
strength is very high, sometimes reaching a value of seven (Figure 3). The second cluster
consists of 22 recording stations. The average wavelet power as a function of frequency
is more or less low and generally oscillates between 0 and 3.5 (Figure 5). The significant
signal of the 1–2 years band in this cluster is not continuous and appears as several spots
of heterogeneous durations (Figure 4).
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Figure 2. Graphs of the results of the wavelet transformations for the first group of data.

Figure 3. Cont.
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Figure 3. Average wavelet power for the first group of data.

Figure 4. Cont.
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Figure 4. Graphs of the results of the wavelet transformations for the second group of data.
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Figure 5. Cont.
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Figure 5. Average wavelet power for the second group of data.

Schematically, the two clusters are separated by the Middle Atlas Mountains. The
first group of stations is located in the western part of these mountains (Figure 6). It
therefore receives atmospheric disturbances coming from the north or from the wadi of
the country. These disturbances are responsible for most of the winter precipitation that
Morocco records. The second group is located on the eastern part of the Middle Atlas
summits (Figure 6). It covers the arid zone of the Moulouya and is thereby sheltered from
the atmospheric disturbances mentioned previously.

This found spatial heterogeneity made us ask about patterns in the seasonal rainfall
regime and its regularity/irregularity with time. Our results show that the two regions
have two different rainfall regimes. The first is spring-dominated and characterizes the
stations located to the east and the south of the Middle Atlas mountain ranges (Figure 7).
This range acts as an obstacle to the humid atmospheric disturbances coming from the
north and west of Morocco. The monthly rainfall maximums are generally recorded in
April or in March.

The second block of data shows a winter regime and characterizes the stations of the
western and northern part of the Middle Atlas (Figure 7). These stations are located in
front of the wet winter disturbances. Their monthly peak in precipitation generally occurs
in February.
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Figure 6. Clusters of stations.

Figure 7. Seasonal rainfall regime for each station.
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4. Discussion

Our study was based on monthly rainfall data recorded at 35 available stations and
ranging from 1970 to 2019. These stations are concentrated in the western part of the
basin and along the main rivers. In contrast, the eastern part contains more empty and
uninhabited land whose main economic activity is pastoralism [67], which makes the
installation of measuring stations in this region less important.

The variability of rainfall in our watershed as an arid environment, in the context of
global climate change, is of primary importance [68]. Indeed, this importance comes from
several points. The first relates to the strong correlation between the rate of rainfall and
agricultural yield in the study area and the fact that the Moulouya watershed suffers from
chronic water stress and strong water resource demand [22,23,50,52]. The second point is
justified by the objective of flood risk management, as the floods of the Moulouya wadi
and its tributaries threaten several cities, including Guercif and Taourirt [53]. The third
point relates to the silting of dams by the strong erosive activity in the basin, including
water erosion transported during the period of floods. Therefore, rain is a driving force of
water erosion [69,70].

The choice of the most efficient method to study this variability poses a challenge [28,71].
The wavelet transform method used in this work was found internationally to be an
effective one, as shown by the work of [34,35,42,72].

In the study of rainfall variability based on this last method, we distinguished five
frequency bands of rainfall oscillation with periods of 1 to 2 years, 2 to 4 years, 4 to 8 years,
8 to 16 years, and 16 to 32 years. The duration of the oscillations with significant power at
these frequencies varies from one station to another depending on its geographical location,
altitude, and exposure. These results are close to those obtained by Zamran et al. [34].

In general, the results of our study show a very remarkable spatiotemporal irregularity
regarding precipitation. This characterizes the Mediterranean climate and, more particu-
larly, that of the southern part, as shown in the work of [8,73,74]. On the other hand, only
the first band, the 1- to 2-year period, provides a clear grouping between the stations within
the study basin. Indeed, the WPS figures allow us to distinguish two groups of stations,
i.e., two blocks of data.

In addition to the study of rainfall variability, spectral analysis, or wavelet transforma-
tion, has also shown its power and robustness in the regionalization of statistical series by
clusters [75], which groups stations with the same form of rainfall variability and similar
rainfall patterns [76]. This technique allowed us to find two different climate zones. The
first has a winter rainfall regime and is located west and northwest of the Middle Atlas
mountain range. This geographical situation makes the region exposed to disturbances
from the north and west. A second, located in the heart of the Moulouya watershed in arid
territory, has a spring regime and is located east or southeast of the peaks of the Middle
Atlas. Our results regarding regionalization are consistent with those of Kessabi et al. [27],
who worked on the homogenization of rainfall data in the Fez-Meknes region, and of
Addou et al. [11], who conducted a study on monthly rainfall trends in the northern Middle
Atlas. Both studies used Climatol for gap filling and to homogenize the monthly station
precipitation data. In addition, these last two works also show that there is a trend towards
an increase in annual rainfall in the part of Moulouya located in the shelter of the Middle
Atlas. This increase was explained by a significant increase in autumn rainfall, a result
also mentioned by Hanchane [77], despite the small number of stations used in his work
compared to the size of the study area. A similar result was reported by Nouaceur et al. [78].
This author explained this increase as an increase in the number of days of extreme rainfall
events that usually occur in summer and autumn. On the other hand, the stations located
in the northern and western regions of the Middle Atlas show non-significant decreasing
or increasing trends. This is explained by a decrease in winter rainfall [27].
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5. Conclusions

This study aimed to analyze the spatiotemporal variability of rainfall at the scale of
the Moulouya watershed. This territory is very vulnerable to the increasing water shortage.
For this purpose, we have opted for a method based on the spectral analysis of rainfall
data, the wavelet transformation method.

The results obtained show five modes of variability: 1 to 2 years, 2 to 4 years,
4 to 8 years, 8 to 16 years, and 16 to 32 years. The duration of these frequencies is not
generally homogeneous and varies from one time series to another. In contrast, the 1- to
2-year band of variability is continuous at some stations and discontinuous at others. This
allowed us to regionalize our study basin into two homogeneous clusters. Therefore, these
regions differ from each other in variability and rainfall regime. This addresses the power
of the method used not only for the analysis of spatiotemporal variability of rainfall, but
also for the homogenization and regionalization of the data.

In addition, the upstream part of the Moulouya watershed is characterized by high
altitudes and rugged terrain. This part records, consequently, the highest values of rain
and snow precipitation. These water inputs are exploited downstream where the land is
flat and where agriculture is more developed. This subdivides the basin into two parts: the
upstream part that provides water, which is very poor in infrastructure and investment,
and the downstream part, which controls most of the wealth as well as state and private
investments. From this point of view, at the level of the Moulouya watershed, the question
of justice and solidarity between upstream and downstream came up a lot in recent years.

On the other hand, our study opens research perspectives toward the impacts of
current climate change on water resources in Moroccan arid environments and toward
forms of adaptation. In addition, the study of the population’s perception of climate change
and environmental injustice is very important in order to choose the best intervention
policies to reduce spatial imbalances.
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