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Abstract: Quantifying variation in precipitation and drought in the context of a changing climate is
important to assess climate-induced changes and propose feasible mitigation strategies, particularly in
agrarian economies. This study investigates the main characteristics and historical drought trend for
the period 1980–2016 using the Standard Precipitation Index (SPI), Standard Precipitation Evaporation
Index (SPEI), Run Theory and Mann–Kendall Trend Test at seven stations across the Upper Draa
Basin. The results indicate that rainfall has the largest magnitude over the M’semrir and Agouim
(>218 mm/pa) and the lowest in the Agouilal, Mansour Eddahbi Dam, and Assaka subregions
(104 mm–134 mm/pa). The annual rainfall exhibited high variability with a coefficient of variation
between 35−57% and was positively related to altitude with a correlation coefficient of 0.86. However,
no significant annual rainfall trend was detected for all stations. The drought analysis results showed
severe drought in 1981–1984, 2000–2001, and 2013–2014, with 2001 being the driest year during the
study period and over 75% of both SPEI and SPI values returned drought. Conversely, wet years were
experienced in 1988–1990 and 2007–2010, with 1989 being the wettest year. The drought frequency
was low (<19%) across all the timescales considered for both SPI and SPEI, with Mansour Eddahbi
Dam and Assaka recording the highest frequencies for SPI-3 and SPEI-3, respectively.

Keywords: drought; standardized precipitation index; standardized precipitation evapotranspiration
index; precipitation trend; Upper Draa Basin

1. Introduction

Climate change (CC) is anticipated to alter processes within the water cycle, thereby
leading to changes in precipitation patterns that will give rise to weather-related hazards
at a local and regional scale [1,2]. For instance, studies show that CC has altered precipi-
tation and temperature over different regions [3–6] and affected hydrological systems [7],
leading to an increase in the intensity and frequency of drought and flooding events [8–10].
Drought is a recurring extreme climate event that significantly affects agricultural produc-
tion, livelihood, and ecological systems, leading to widespread adverse impacts and related
losses and damages to nature and people [11]. For example, the global losses from drought
increased by $6–8b a year, far more than any other natural disaster [12]. Drought mainly
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results from water scarcity and can be attributed to various factors, including low precip-
itation averages, high evapotranspiration rates, the absence of natural water resources,
overexploitation of available water resources, or a combination of these factors [13–15].
While drought emanates mainly from a prolonged reduction in precipitation, other climatic
variables such as temperature, humidity, and wind speed also play an important role in
exacerbating drought conditions by increasing the evapotranspiration rate.

Several studies have revealed significant patterns of temperature increase [16–28],
changed rainfall patterns [18,19,23,27,29,30], and alterations in potential evapotranspira-
tion [23,31]. Since 1970, Morocco has experienced a 0.5 ◦C warming trend per decade,
which surpasses the global average of 0.15 ◦C per decade for the same period [32]. Hart-
mann et al. [32] argued that despite temperature trends showing an increase of 0.5 ◦C,
regional trends may differ substantially from one region to another. Recent studies have
demonstrated that drought has increased in frequency and intensity over Morocco [33–35].
Severe droughts were reported in 1984–1987, 1992–1995, 1998–2003, 2005, 2007–2011, and
2016–2017, with 2008–2011 showing the largest magnitude [36]. Verner et al. [34] estimated
that drought-related losses reached $900 million by 1999 and affected over 1 M hectares
of arable land, with the 1994–1995 drought alone leading to a loss of 7.9% of the GDP.
Likewise, Hartmann et al. [32] reported increased aridity over Morocco and projected a rise
in summer drought, particularly in arid and semi-arid regions. Semi-arid areas such as the
Upper Draa Basin (UDB) characterized by high precipitation variability are particularly
susceptible to drought as their precipitation depends on a few events, and water storage is
insufficient to offset the deficits [37]. The UDB has experienced various forms of drought
over the past years, leading to water resource shortages [38]. Moreover, the condition is
exacerbated by growing population, poor water management, and lack of agreement over
shared water resources [34].

Despite lacking a precise definition, drought is generally categorized into four classes,
namely, meteorological, agricultural, hydrological, and socioeconomic droughts [38]. Among
these classes, meteorological drought is the most common and is considered the initial stage
of other drought classes. For this reason, we consider meteorological drought identified by
precipitation deficit and possibly made worse by temperatures that favor high evaporation
in a region over time. Drought is represented by indices that help determine its multiple
characteristics, such as spatial extent, peak intensity, frequency, severity, and duration [39].
Each of these characteristics may have a distinct effect on society and environment. For ex-
ample, a severe drought with a short duration will have devastating impacts on agricultural
activities. In contrast, a prolonged mild drought would have catastrophic consequences
on the water supply and ecosystem [40]. Several indices have been developed to quantify
drought using different climate parameters [41]. The most commonly used meteorological
drought indices are the Standardized Precipitation Index (SPI) [42] and the Standardized
Precipitation-Evapotranspiration Index (SPEI) [43]. The SPI index is based on cumula-
tive rainfall probabilities, while SPEI combines potential evapotranspiration (PET) and
precipitation to characterize drought. SPEI is one of Europe’s most widely used drought
indicators [44,45] owing to its ability to incorporate PET, thereby characterizing drought
more elaborately. PET is higher than annual precipitation in most arid and semi-arid
regions worldwide; therefore, a precipitation-based drought index may not be sufficient to
monitor droughts [46]. In regions characterized by minimal temperature fluctuations, the
effectiveness of SPI is comparable to that of SPEI [47].

Given the impact of drought on water resource management and sustainable agricul-
ture, several studies have investigated the spatiotemporal variation of rainfall and drought
over Morocco. Nevertheless, meteorological drought may vary significantly from one place
to another due to high spatial heterogeneity that induces varying responses. Therefore,
understanding the variation of rainfall and drought at a regional scale is very important for
developing effective countermeasures against the possible consequences of extreme events.
Accordingly, the current study investigates rainfall variability, drought characteristics, and
their trend over the UDB to understand their dynamics based on SPI and SPEI indices
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deeply. Specifically, we identify the temporal variation of drought events across the UDB
from 1980 to 2016. Such analysis provides a theoretical basis for regional agricultural and
ecological management.

2. Materials and Methods
2.1. Study Area

The UDB is located in southeastern Morocco (Figure 1) and covers an approximate
area of 15,000 km2 [48–51]. The main economic activity in the region is agriculture and
pastoralism [52]. The altitude of the basin ranges from 4071 m in the high Atlas Mountains
to the north, 1100 m–1400 m in the plain of Ouarzazate, and 2500 m in the southern
border with Anti-Atlas and Jbel Saghro. The valley is divided into three major basins:
the Ouarzazate, Ait Douchen, and Dadès watersheds [50]. Mansour Eddahbi Dam, at
the confluence of the Ouarzazate and Dadès Rivers, is the region’s primary water supply
source. The annual precipitation distribution follows the regions’ altitudes and ranges from
104 mm in the plain to 270 mm in the mountains [51]. The temperature distribution also
varies with altitude, with an annual maximum temperature as high as 33.8 ◦C in Mansour
Eddahbi Dam and as low as 30 ◦C in M’semrir. The annual mean of potential evaporation
ranges from 4250 m in Assaka to 2570 mm at M’semrir [53].
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Figure 1. Geographical location, river system, and elevation of the Upper Draa Basin.

2.2. Climate Data

Monthly and annual rainfall and temperature records from 1980 to 2016 for seven
synoptic meteorological stations were collected from the Water Basin Agency of Ouarzazate
and the Regional Office for Agricultural Development of Ouarzazate. It is worth noting that
the 1980–2016 period was chosen due to complete data availability from all seven selected
stations, thus enhancing uniformity in our analysis. The seven stations were selected based
on their uniform spatial distribution, the availability of maximum data length, and data
accuracy (Figure 1).
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2.3. Methodology
2.3.1. Trend Analysis

Trend analysis in the context of time series data involves examining the patterns and
changes in the data over time. The Mann–Kendall Test (MK Test) has been used to determine
significant trends in rainfall, maximum temperature, and minimum temperature (Figure 2).
The Z statistic is used to assess a trend’s statistical significance, with a positive Z value
implying an upward trend and a negative Z value indicating a downward trend [23,54].
Kendall’s Tau standardizes the trend between −1 and 1 and is interpreted similarly to
the normal approximation Z. Moreover, Sen’s slope estimator is another helpful indicator
for estimating the actual slope of a monotonous pattern in a time series with a linear
trend [54,55]. A Sen’s positive slope signifies an upward trend in a time series, while a
negative value represents a downward trend [23,54].
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2.3.2. Drought Indices Analysis

The Standardized Precipitation Index (SPI) as introduced by McKee et al. [42] and the
Standardized Precipitation-Evapotranspiration Index (SPEI) developed by Vicente-Serrano
et al. [43] have been widely applied for drought analysis [56–59]. SPI assumes that drought
emanates from a reduction in rainfall rather than water demand and, therefore, is more
closely linked to variability in water cycles. The method for computing SPEI is identical to
that of the SPI, with the addition of the evapotranspiration effect through a water balance
equation, which may influence drought severity. PET is calculated, subtracted from the
monthly rainfall values, and aggregated depending on the chosen timescale. This research
used the Hargreaves equation to estimate the PET for SPEI. This method considers both
maximum and minimum daily temperature data and the site’s latitude. The Hargreave
method was chosen due to its simplicity, ease of application, and consistency with methods
employed in previous studies [60,61]. The results obtained from the two indices were
classified following a predefined threshold proposed by Mckee et al. [42], as shown in
Table 1.
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Table 1. Classification of drought (or wet) severity events based on SPI/SPEI calculation.

SPI/SPEI Values Category

2.00 and above Extremely wet
1.50 to 1.99 Severely wet
1.00 to 1.49 Moderately wet

0.99 to −0.99 Normal
−1.00 to −1.49 Moderate drought
−1.50 to −1.99 Severe drought
−2.0 and less Extreme drought

2.3.3. Drought Characterization

As presented in Table 1, a drought event is considered any time the SPI or SPEI value
is equal to or less than −1 and ends when the index value rises above this threshold [62].
Consequently, the drought basic attributes, i.e., duration, frequency, and severity, were
identified using Run Theory (Figure 2). Drought duration was defined as the time when
the index value is below the −1 threshold value, and drought severity was defined as a
cumulative index value below −1 during the duration of the drought episode, whereas
drought intensity was described as a ratio of drought magnitude to its duration.

3. Results and Discussion
3.1. Rainfall and Temperature Variability

The climate of any region is determined by the long-term mean of weather variables,
notably temperature and precipitation. Therefore, we describe the climatology of rainfall
as well as the maximum and minimum temperatures over the period of study (Figure 3).
Figure 3a shows the spatial distribution of rainfall climatology averaged over the study
period. The results indicate that rainfall has the largest magnitude over the M’semrir
and Agouim (>218 mm/pa) and the lowest in the Agouilal, Mansour Eddahbi Dam, and
Assaka subregions (104 mm–134 mm/pa). Ifre and Ait Mouted receive an annual rainfall
of 150 mm −190 mm/pa. The difference in annual precipitation may be attributed to local
geographical factors, especially the variation in elevation between the High Atlas and
Ouarzazate plain, which significantly impacts precipitation.

Water 2023, 15, x FOR PEER REVIEW 5 of 24 
 

 

 
Figure 2. Flowchart methodology. 

3. Results and Discussion 
3.1. Rainfall and Temperature Variability  

The climate of any region is determined by the long-term mean of weather variables, 
notably temperature and precipitation. Therefore, we describe the climatology of rainfall 
as well as the maximum and minimum temperatures over the period of study (Figure 3). 
Figure 3a shows the spatial distribution of rainfall climatology averaged over the study 
period. The results indicate that rainfall has the largest magnitude over the M’semrir and 
Agouim (>218 mm/pa) and the lowest in the Agouilal, Mansour Eddahbi Dam, and Assaka 
subregions (104 mm–134 mm/pa). Ifre and Ait Mouted receive an annual rainfall of 150 
mm −190 mm/pa. The difference in annual precipitation may be attributed to local geo-
graphical factors, especially the variation in elevation between the High Atlas and Ouar-
zazate plain, which significantly impacts precipitation. 

 
(a) (b) (c) 

Figure 3. Descriptive summaries of rainfall (a), Tmin (b), and Tmax (c). 

The temperature analysis results reveal that the annual minimum temperature dis-
tribution pattern resembles that of the maximum temperature except for the Ait Mouted 
station, whose minimum temperature tends to be higher than the surrounding stations. 
The highest annual maximum temperatures (>30 °C) were recorded in Agouilal and 
Mansour Eddahbi Dam. Conversely, M’semrir recorded the lowest maximum tempera-
ture (>25 °C). The results agree with earlier studies by Iqbal et al. [25] and Mishra and 
Singh [39], which illustrated that the minimum and maximum temperatures decrease as 
the elevation rises.  

Figure 4 shows the relationship between precipitation and altitude. The results indi-
cate that the correlation coefficient between rainfall and altitude is 0.86. The findings are 

Figure 3. Descriptive summaries of rainfall (a), Tmin (b), and Tmax (c).

The temperature analysis results reveal that the annual minimum temperature dis-
tribution pattern resembles that of the maximum temperature except for the Ait Mouted
station, whose minimum temperature tends to be higher than the surrounding stations. The
highest annual maximum temperatures (>30 ◦C) were recorded in Agouilal and Mansour
Eddahbi Dam. Conversely, M’semrir recorded the lowest maximum temperature (>25 ◦C).
The results agree with earlier studies by Iqbal et al. [25] and Mishra and Singh [39], which
illustrated that the minimum and maximum temperatures decrease as the elevation rises.

Figure 4 shows the relationship between precipitation and altitude. The results
indicate that the correlation coefficient between rainfall and altitude is 0.86. The find-
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ings are in agreement with earlier studies that showed that precipitation increases with
elevation [51,63,64]. Despite this result, it is important to note that large-scale atmospheric
patterns significantly influence the rainfall trend observed, alongside the altitude dependence.
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Figure 4. Correlation between mean annual rainfall and elevation. Green and orange represent
frequentist analysis and bayesian analysis respectively. Shadow represents the correlation between
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The annual variability of rainfall is expressed as the coefficient of variation (CV),
calculated as the standard deviation of the annual series divided by the mean and expressed
as a percentage. The results indicate that the CV for the annual precipitation ranges from
36.69% to 56.95%. The findings reveal that CV for annual precipitation over the UDB is
remarkably high, with CV values surpassing 35%, which agrees with earlier findings by
Bouizrou et al. [65]. Indeed, Bouizrou et al. [65] pointed out that the most significant yearly
CV values were detected in the semi-arid and desertic climatic zones. Moreover, Alemu
and Bawoke [66] and Asfaw et al. [67] indicated that the regions characterized by higher
CV in annual precipitation are susceptible to drought.

In contrast, those with elevated CV values are more susceptible to flooding. Moreover,
Figure 5 illustrates the monthly average precipitation for the different stations. Results
demonstrate that the highest monthly averages were recorded at Agouim (1647 m a.s.l),
followed by M’semrir (1942 m a.s.l), then Ifre (1498 m a.s.l), and the lowest monthly average
was recorded at Masour Eddahbi Dam (1050 m a.s.l). These monthly averages also exhibit
very significant differences throughout the year. Figure 5 shows that July is the least rainy
month for all stations. It is noticeable that the average rainfall is less than 10 mm for all
stations and reaches its maximum at M’semrir (7.14 mm). The average rainfall during
boreal summer is also less than 10 mm for all stations except for M’semrir (21.71 mm) and
Agouim (14.79 mm). It is also noticeable that the common characteristic of most stations
is a period of dryness in the summer, extending from April to August and sometimes to
September (Figure 5).
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3.2. Annual and Monthly Trend Analysis

Mann–Kendall Test was performed to determine whether precipitation exhibited
a monotonic increasing or decreasing trend over time. Table 2 demonstrates that no
significant annual rainfall trend was detected for all stations.

Table 2. Summary of Mann–Kendall Test and Sen’s Slope estimator of the annual rainfall.

Rainfall
Mann–Kendall Test

Sen’s Slope
Z Kendall’s Tau p-Value Trend

Mansour Eddahbi
Dam 0.59 0.07 0.56 No trend 0.63

M’semrir 1.22 0.14 0.22 No trend 1.34
Assaka −1.22 −0.14 0.22 No trend −1.35

Ifre 1.02 0.12 0.31 No trend 1.22
Agouim −0.33 −0.04 0.74 No trend −0.56

Ait Mouted 1.01 0.12 0.31 No trend 0.92
Agouilal −0.3 −0.04 0.76 No trend −0.35

Note: p < 0.05 implies a monotonic trend, positive Z signifies an increase, and negative Z indicates a decrease.

The monthly analysis in Table A1 clearly illustrates a decreasing trend for Assaka in
January and April. The analysis shows an increase for Ait Mouted and Ifre during Septem-
ber. Nonetheless, no variation has been noticed at Mansour Eddahbi Dam, M’semrir,
Agouim, and Agouilal. Table 3 outlines that the minimum temperature for Mansour Ed-
dahbi Dam, Assaka, and Agouilal is increasing annually. The results align with similar
studies conducted in other regions of Morocco. For instance, Eddoughri et al. [68] in-
vestigated that pattern throughout the agricultural year (1982–2015) and demonstrated
significant fluctuations in the Beni Mellal-Khenifra region. The region is also characterized
by varying climatic conditions, from humid in the high mountains to semi-arid in the
plains, with intensely cold winters and hot summers. Additionally, the average temper-
ature distribution showed fluctuations and a consistent rise in rainfall variability during
this period.
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Table 3. Summary of Mann–Kendall Test and Sen’s Slope estimator for Tmin and Tmax.

Tmin
Mann–Kendall Test

Sen’s
Slope Tmax

Mann–Kendall Test
Sen’s
SlopeZ Kendall’s

Tau p-Value Trend Z Kendall’s
Tau p-Value Trend

Mansour
Eddahbi

Dam
4.90 0.56 0.00 * Trend

detected 0.10
Mansour
Eddahbi

Dam
0.59 0.07 0.56 No trend 0.01

M’semrir −1.09 −0.13 0.28 No trend −0.02 M’semrir 2.87 0.33 0.00 * Trend
detected 0.04

Assaka 3.72 0.43 0.00 * Trend
detected 0.08 Assaka −2.29 −0.27 0.00 * Trend

detected −0.04

Ifre 0.98 0.11 0.33 No trend 0.02 Ifre 3.57 0.41 0.00 * Trend
detected 0.09

Agouim 0.99 0.13 0.32 No trend 0.03 Agouim −2.24 −0.29 0.00 * Trend
detected −0.07

Ait
Mouted 1.33 0.16 0.18 No trend 0.03 Ait

Mouted 4.80 0.56 0.00 * Trend
detected 0.11

Agouilal 4.85 0.56 0.00 * Trend
detected 0.07 Agouilal 4.77 0.55 0.00 * Trend

detected 0.08

Note: * Indicates p < 0.05. Bold values are significant at a 95% family-wise confidence level. p < 0.05 implies a
monotonic trend, positive Z signifies an increase, and negative Z indicates a decrease.

Table A2 in Appendix A reveals that for most months Tmin displays an increase,
except for February and November for Mansour Eddahbi Dam. Similarly, Assaka set a rise
in the majority of months, except for February, March, September, and October, while the
increase was detected only in February and July at Agouim (Table A2) and in April, May,
June, August, September, and October for Agouilal. The results were incongruent with the
findings of Brahim [69], presenting an upward trend in Tmin. A positive annual trend of
Tmax was detected at M’semrir, Ifre, Ait Mouted, and Agouilal (Table 3). Moreover, the
monthly increase was detected at M’semrir in April, May, June, July, and August for Ifre in
all months except February as well as during all months except in January, February, and
December for Ait Mouted, and in January, February, March, and December for Agouilal
(Table A3) in Appendix A. However, a negative trend of the Tmax trend was recorded at
Agouim and Assaka. The monthly decrease was detected in January and December for
Assaka, and in January, March, June, and September for Agouim (Table A3).

The existing temporal patterns and trends within temperature and rainfall time series
were evaluated to determine climate variability and change occurrence in the UDB. Overall,
the results revealed that temperature variation was more apparent than rainfall.

3.3. Analysis of Drought Characteristics

The SPI and SPEI indices were calculated on 3-, 6-, 9-, and 12-month timescales to
evaluate meteorological drought over the UDB (Figure A1) in Appendix A. The tempo-
ral changes in the SPEI for the different timescales are presented in Figure A2 in Ap-
pendix A. Figure 6 illustrates the contrasting characteristics of the locations of the two
stations: Agouim (1647 m a.s.l.), located on the mountains, and Mansour Eddahbi Dam
(1050 m a.s.l.), situated on the plain.

Results indicate that Mansour Eddahbi Dam witnessed nine significant dry periods
and eleven wet periods, while Agouim encountered eight dry years and fourteen wet
periods throughout the study period. The most significant drought period in Agouim
corresponds to the peak SPI-12 (−2.82, July 2001), from October 2000 to March 2002,
representing 18 months with a severity of 19.87 in Agouim. Conversely, SPI-12 (−3.13, June
2001) from September 2000 to February 2002 represents 17 months with a severity of 29.76
in Mansour Eddahbi Dam. Additionally, Agouim has maximum SPI-3 (2.511), SPI-6 (2.63),
SPI-9 (2.55), and Mansour Eddahbi Dam has maximum SPI-3 (2.53), SPI-6 (2.74), SPI-9 (2.42)
in November 2014. However, SPI-12 (1.924) was in January 2015 in Agouim, while SPI-12
(2.181) was in December 1989. Confirming these insights, it is noticeable that 2001 was the
driest year for most stations, while 2014–2015 had the strongest floods. These findings align
with the outcomes of previous studies [51,70,71].
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Figure 7 reveals that the temporal evolution of drought calculated using SPEI follows
the pattern of SPI. However, compared to SPI, SPEI identified more drought events that
were more severe. SPEI identified a multiyear severe drought in 1982–1986 and 2001–2003
in the Mansour Eddahbi Dam and Agouim stations, although the magnitude of the drought
severity is greater in Agouim than in Mansour Eddahbi Dam.
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Table 4 summarizes drought characteristics, including the duration, severity, and
intensity for the SPI and SPEI indices at various temporal scales (3-,6-,9-, and 12-). The
results reveal that the duration of dry and wet events increased as the timescale of the
indices increased for all the meteorological stations considered. The results also indicate
that drought frequency was low (<19%) across all the timescales considered for both SPI
and SPEI. Mansour Eddahbi Dam and Assaka showed the highest frequency for SPI-3
and SPEI-3, respectively. This indicates that the impact of temperature of drought tends
to be larger in Assaka compared to Mansour Eddahbi Dam. Table 4 also reveals that the
drought’s average duration and intensity increased as the timescale increased for both the
SPI and SPEI, showing that the drought became prolonged.

Table 4. Characterization of duration, frequency, and intensity for dry events from SPI and SPEI.

SPI SPEI

Duration Frequency Intensity Duration Frequency Intensity

Mansour
Eddahbi

Dam

SPI-3 2.00 16.67 −1.46 SPEI-3 2.63 14.32 −1.51
SPI-6 3.89 15.77 −1.65 SPEI-6 4.21 13.41 −1.55
SPI-9 5.33 14.41 −1.84 SPEI-9 5.40 12.27 −1.60
SPI-12 6.33 12.84 −1.94 SPEI-12 4.80 10.91 −1.66

Agouim SPI-3 1.77 15.54 −1.50 SPEI-3 2.85 15.49 −1.56
SPI-6 3.19 15.09 −1.63 SPEI-6 4.13 16.85 −1.48
SPI-9 6.08 16.44 −1.61 SPEI-9 7.25 15.76 −1.51
SPI-12 9.63 17.34 −1.61 SPEI-12 8.71 16.58 −1.47

Agouilal SPI-3 1.97 15.54 −1.44 SPEI-3 3.10 14.77 −1.54
SPI-6 3.83 15.54 −1.68 SPEI-6 3.48 16.59 −1.49
SPI-9 4.47 17.12 −1.69 SPEI-9 6.83 18.64 −1.44
SPI-12 7.36 18.24 −1.67 SPEI-12 7.60 17.27 −1.49

M’semrir SPI-3 1.70 14.19 −1.58 SPEI-3 2.26 15.91 −1.45
SPI-6 3.39 13.74 −1.44 SPEI-6 4.27 14.55 −1.49
SPI-9 3.30 14.86 −1.49 SPEI-9 6.09 15.23 −1.49
SPI-12 4.62 13.51 −1.57 SPEI-12 6.00 15.00 −1.52

Assaka SPI-3 1.97 10.14 −1.31 SPEI-3 2.81 18.27 −1.41
SPI-6 3.94 14.19 −1.46 SPEI-6 3.71 18.75 −1.38
SPI-9 5.21 16.44 −1.51 SPEI-9 4.93 17.79 −1.36
SPI-12 8.20 18.47 −1.53 SPEI-12 5.93 19.95 −1.33

Ifre SPI-3 1.71 11.94 −1.30 SPEI-3 2.21 14.09 −1.52
SPI-6 4.00 16.22 −1.50 SPEI-6 4.44 16.14 −1.45
SPI-9 6.09 15.09 −1.67 SPEI-9 5.14 16.36 −1.49
SPI-12 6.60 14.86 −1.60 SPEI-12 9.75 17.73 −1.47

Ait Mouted

SPI-3 1.86 15.54 −1.55 SPEI-3 3.17 17.55 −1.43
SPI-6 3.75 16.89 -1.61 SPEI-6 3.59 18.99 −1.41
SPI-9 3.82 14.64 −1.65 SPEI-9 5.92 17.07 −1.49
SPI-12 7.30 16.44 −1.51 SPEI-12 7.11 15.38 −1.54

Figure 8 shows the temporal evolution of different drought classes for the SPI and
SPEI, as categorized in Table 1. The results show severe drought in 1981–1984, 2000–2001,
and 2013–2014, with 2001 being the driest year during the study period. Over 75% of both
SPEI and SPI values returned drought during this period. The results show moderate and
mild drought was the dominant drought category for any dry year. Conversely, wet years
were experienced in 1988–1990 and 2007–2010, with 1989 being the wettest year.
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4. Conclusions

This study examined historical temperature and precipitation data to explore their
temporal patterns and trends. The results reveal changes in temperature and precipitation
distributions. The climate variability of the UDB has been assessed using temperature and
rainfall time series. Various tests were performed to accomplish this, including Descriptive
Statistics, Mann–Kendall’s, and Sen’s Slope tests. Overall, our results demonstrate that
the annual trends of maximum and minimum temperature are more visible than for
precipitation. In addition, the monthly trend analysis produced a mix of statistically
significant and insignificant upward and downward trends. The monthly increasing trend
is generally more noticeable for maximum temperature than minimum temperature.

However, precipitation increased in Ifre and Ait Mouted during September, with
a decrease in January and April for Assaka. No statistically significant monthly trend
was detected at Mansour Eddahbi Dam, M’semrir, Agouim, or Agouilal. The area has
inherited a heterogeneous meteorological situation and climate variability over the study
period. Several dry years were experienced in the UDB. According to SPI and SPEI analysis,
the UDB has experienced several severe drought conditions. As a result, these findings
provide several important insights into climate variability and change based on rainfall
and temperature data over the UDB’s seven meteorological stations. No significant annual
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trend was detected for rainfall. Our results revealed that temperatures and precipitation
vary significantly in space and time in the UDB.

Water scarcity is the major problem in arid and semi-arid regions [72,73] and in the
UDB [51,74]. Against the backdrop of global warming, the results illustrated that Tmax
showed a significant positive trend for the stations considered, except the Mansour Eddahbi
Dam. Such an increase may have contributed to the observed reduction in water availability
experienced in the region due to increased evaporation. The UDB population’s stability is
closely associated with watercourses. Therefore, the high variability recorded in the study
has led the portion of the population that relies on agriculture for their livelihood to move
close to rivers. Given the arid and semi-arid climate of the region, the Draa and Dadès
rivers serve as the primary lifelines. Moreover, the temporal evolution of the drought
category shows a decadal pattern of negative SPI and SPEI values. Drying periods were
observed in the early 1980s, 1990s, and 2000s, while wetting periods were observed in the
late 1980s, mid-1990s, and late 2000s. Studies have reported linkages between drought in
Morocco and the North Atlantic Oscillation (NAO). For instance, Xoplaki [75] attributed the
drying conditions since the late 1970s over the Mediterranean region to the positive phase of
NAO. Conversely, the negative phase of NAO has been linked with precipitation anomalies
especially during the boreal winter season over the Atlantic coast of Morocco [76,77].

Such analyses provided in this paper are essential for developing effective mitigation
and adaptation strategies that address both the immediate and long-term challenges of
changing patterns and drought. By recognizing the complex interplay of factors, societies
can work towards sustainable development that conserves natural resources while sup-
porting livelihoods. In addition to more efficient water use practices, new alternatives
to respond to the growing demands of water in the UDB should be considered: (i) wa-
ter management planning cognizant of interannual and interdecadal climate variability;
(ii) long-term water planning. It is critical that policy makers, researchers, and communities
work together to develop comprehensive adaptation and mitigation strategies that address
the unique vulnerabilities of oasis agriculture in the face of climate change.

Author Contributions: Conceptualization, F.E.Q., S.A. and M.Y.K.; methodology, F.E.Q., S.A., O.A.O.
and M.Y.K.; writing—original draft preparation, F.E.Q., O.A.O. and S.A.; writing—review and editing,
F.E.Q., Q.B.P., S.A., A.K. and O.A.O.; supervision, M.Y.K. and S.A.; Data Curation, F.E.Q.; Formal
Analysis, F.E.Q. and S.A.; Investigation, F.E.Q.; Software, F.E.Q. and S.A.; Visualization, F.E.Q., Q.B.P.,
S.A., A.K. and O.A.O.; Validation, F.E.Q., S.A., O.A.O. and M.Y.K. All authors have read and agreed
to the published version of the manuscript.

Funding: There is no external funding for this work.

Data Availability Statement: Data set available on request to corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Table A1. Mann–Kendall Test and Sen’s Slope estimator for monthly rainfall.

Mansour
Eddahbi

Dam

Mann–Kendall Test
Sen’s
Slope M’semrir

Mann–Kendall Test
Sen’s
SlopeZ Kendall’s

Tau p-Value Trend Z Kendall’s
Tau p-Value Trend

January −0.96 −0.12 0.34 No trend 0.00 January −1.38 −0.16 0.17 No trend −0.20
February −1.07 −0.13 0.29 No trend −0.01 February −0.47 −0.06 0.64 No trend −0.07

March −0.14 −0.02 0.89 No trend 0.00 Mars 1.35 0.16 0.18 No trend 0.41
April 0.74 0.09 0.46 No trend 0.00 April −0.68 −0.08 0.50 No trend −0.06
May −0.72 −0.09 0.47 No trend 0.00 May −0.18 −0.02 0.85 No trend −0.03
June 0.59 0.07 0.56 No trend 0.00 June 0.18 0.02 0.85 No trend 0.02
July 1.02 0.13 0.31 No trend 0.00 July 1.79 0.21 0.07 No trend 0.10

August 1.78 0.21 0.08 No trend 0.18 August 0.73 0.09 0.46 No trend 0.20
September 1.01 0.12 0.31 No trend 0.16 September 1.77 0.20 0.08 No trend 0.63

October 1.27 0.15 0.20 No trend 0.12 October 0.60 0.07 0.55 No trend 0.18
November −0.89 −0.11 0.37 No trend 0.00 November −0.17 −0.02 0.86 No trend −0.01
December −0.15 −0.02 0.88 No trend 0.00 December −0.75 −0.09 0.45 No trend −0.08
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Table A1. Cont.

Assaka
Mann–Kendall Test

Sen’s
Slope Ifre

Mann–Kendall Test
Sen’s
SlopeZ Kendall’s

Tau p-Value Trend Z Kendall’s
Tau p-Value Trend

January −2.55 −0.31 0.01 * Trend
detected −0.07 January −0.86 −0.11 0.39 No trend 0.00

February −1.50 −0.18 0.13 No trend −0.03 February −0.86 −0.10 0.39 No trend 0.00
Mars −0.20 −0.02 0.84 No trend 0.00 Mars 0.67 0.08 0.50 No trend 0.11

April −2.12 −0.26 0.03 * Trend
detected 0.00 April −0.24 −0.03 0.81 No trend 0.00

May −1.69 −0.21 0.09 No trend 0.00 May −0.94 −0.12 0.35 No trend 0.00
June −0.69 −0.09 0.49 No trend 0.00 June 0.44 0.06 0.66 No trend 0.00
July −0.85 −0.11 0.40 No trend 0.00 July −0.07 −0.01 0.95 No trend 0.00

August 0.04 0.01 0.97 No trend 0.00 August −0.56 −0.07 0.57 No trend 0.00

September 1.52 0.18 0.13 No trend 0.20 September 2.31 0.28 0.02 * Trend
detected 0.37

October 0.16 0.02 0.87 No trend 0.00 October 1.16 0.14 0.25 No trend 0.20
November −1.40 −0.17 0.16 No trend −0.05 November −0.25 −0.03 0.80 No trend 0.00
December −0.43 −0.05 0.67 No trend 0.00 December −0.79 −0.10 0.43 No trend 0.00

Agouim
Mann–Kendall Test

Sen’s
Slope

Ait
Mouted

Mann–Kendall Test
Sen’s
SlopeZ Kendall’s

Tau p-Value Trend Z Kendall’s
Tau p-Value Trend

January −0.55 −0.06 0.58 No trend −0.12 January −0.84 −0.10 0.40 No trend −0.03
February −0.87 −0.10 0.39 No trend −0.30 February −0.49 −0.06 0.63 No trend −0.01

Mars −0.56 −0.07 0.57 No trend −0.19 Mars 0.98 0.11 0.33 No trend 0.20
April 0.53 0.07 0.59 No trend 0.00 April −0.88 −0.11 0.38 No trend −0.05
May 0.28 0.03 0.78 No trend 0.00 May 0.34 0.04 0.73 No trend 0.00
June 1.37 0.17 0.17 No trend 0.00 June −0.16 −0.02 0.87 No trend 0.00
July 1.63 0.19 0.10 No trend 0.06 July 0.97 0.12 0.33 No trend 0.00

August 1.83 0.22 0.07 No trend 0.23 August 0.88 0.10 0.38 No trend 0.05

September 1.06 0.12 0.29 No trend 0.20 September 2.32 0.27 0.02 * Trend
detected 0.49

October 0.43 0.05 0.67 No trend 0.10 October 1.37 0.16 0.17 No trend 0.31
November −0.49 −0.06 0.63 No trend −0.12 November −0.04 −0.01 0.97 No trend 0.00
December −0.81 −0.10 0.42 No trend −0.07 December −0.87 −0.10 0.38 No trend −0.07

Agouilal
Mann–Kendall Test

Sen’s
SlopeZ Kendall’s

Tau p-Value Trend

January −1.15 −0.14 0.25 No trend 0.00
February −1.04 −0.13 0.30 No trend −0.03

Mars 0.00 0.00 1.00 No trend 0.00
April 0.46 0.06 0.64 No trend 0.00
May −0.58 −0.07 0.56 No trend 0.00
June −0.01 0.00 0.99 No trend 0.00
July 0.29 0.04 0.77 No trend 0.00

August 0.38 0.05 0.70 No trend 0.04
September 1.54 0.18 0.12 No trend 0.25

October 0.41 0.05 0.68 No trend 0.02
November −1.20 −0.15 0.23 No trend −0.03
December −0.45 −0.06 0.65 No trend 0.00

Note: * Indicates p < 0.05. Bold values are significative at 95% family-wise confidence level. p < 0.05 im-plies a
monotonic trend, positive Z signifies an increase, and negative Z indicates a decrease.

Table A2. Mann–Kendall Test and Sen’s Slope estimator for Tmin.

Mansour
Eddahbi

Dam

Mann–Kendall Test
Sen’s
Slope M’semrir

Mann–Kendall Test
Sen’s
SlopeZ Kendall’s

Tau p-Value Trend Z Kendall’s
Tau p-Value Trend

January 3.17 0.37 0.002 * Trend
detected 0.10 January 1.48 0.18 0.14 No trend 0.03

February 1.60 0.19 0.11 No trend 0.05 February −0.90 −0.11 0.37 No trend −0.04
Mars 2.34 0.27 0.02 * Trend

detected 0.09 Mars −0.76 −0.09 0.45 No trend −0.03

April 2.74 0.32 0.006 * Trend
detected 0.10 April 0.29 0.04 0.77 No trend 0.01

May 2.95 0.34 0.003 * Trend
detected 0.14 May −0.34 −0.04 0.73 No trend −0.01

June 2.91 0.34 0.003 * Trend
detected 0.14 June 1.94 0.23 0.05 No trend 0.04

July 3.56 0.43 0.0004 * Trend
detected 0.16 July 1.20 0.14 0.23 No trend 0.02

August 3.39 0.39 0.0007 * Trend
detected 0.12 August −0.04 −0.01 0.97 No trend 0.00

September 2.87 0.33 0.004 * Trend
detected 0.10 September −0.16 −0.02 0.88 No trend 0.00

October 2.82 0.34 0.005 * Trend
detected 0.13 October 0.07 0.01 0.94 No trend 0.00

November 1.71 0.21 0.09 No trend 0.06 November −0.16 −0.02 0.88 No trend 0.00

December 2.28 0.27 0.02* Trend
detected 0.06 December −0.87 −0.11 0.39 No trend −0.03
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Table A2. Cont.

Assaka
Mann–Kendall Test

Sen’s
Slope Ifre

Mann–Kendall Test
Sen’s
SlopeZ Kendall’s

Tau p-Value Trend Z Kendall’s
Tau p-Value Trend

January 3.63 0.43 0.0003 * Trend
detected 0.11 January 1.52 0.18 0.13 No trend 0.05

February 1.50 0.18 0.13 No trend 0.04 February −1.44 −0.17 0.15 No trend −0.06
Mars 1.42 0.17 0.16 No trend 0.04 Mars −0.63 −0.07 0.53 No trend −0.02

April 3.25 0.38 0.001 * Trend
detected 0.14 April 1.26 0.15 0.21 No trend 0.03

May 4.09 0.48 0.00 * Trend
detected 0.18 May −0.17 −0.02 0.86 No trend 0.00

June 3.33 0.40 0.0009 * Trend
detected 0.16 June 1.23 0.14 0.22 No trend 0.06

July 4.42 0.53 0.00 * Trend
detected 0.17 July 1.21 0.14 0.22 No trend 0.05

August 2.90 0.35 0.003 * Trend
detected 0.14 August 1.95 0.23 0.05 No trend 0.09

September −0.07 −0.01 0.94 No trend 0.00 September −0.01 0.00 0.99 No trend 0.00
October −0.07 −0.01 0.94 No trend 0.00 October 1.10 0.13 0.27 No trend 0.05

November 2.62 0.31 0.009 * Trend
detected 0.08 November −0.31 −0.04 0.75 No trend −0.01

December 3.39 0.41 0.0007 * Trend
detected 0.09 December 1.06 0.13 0.29 No trend 0.04

Agouim
Mann–Kendall Test

Sen’s
Slope

Ait
Mouted

Mann–Kendall test
Sen’s
SlopeZ Kendall’s

Tau p-Value Trend Z Kendall’s
Tau p-Value Trend

January 1.94 0.25 0.05 No trend 0.07 January −0.31 −0.04 0.76 No trend −0.02

February 2.37 0.30 0.01 * Trend
detected 0.08 February −0.06 −0.01 0.95 No trend 0.00

Mars 1.63 0.21 0.10 No trend 0.04 Mars 0.28 0.04 0.78 No trend 0.01
April −0.37 −0.05 0.71 No trend −0.02 April 1.53 0.19 0.13 No trend 0.08
May 0.54 0.07 0.59 No trend 0.04 May 1.35 0.17 0.18 No trend 0.06
June 0.39 0.05 0.70 No trend 0.02 June 0.76 0.09 0.45 No trend 0.03

July 2.08 0.27 0.037 * Trend
detected 0.09 July 1.23 0.15 0.22 No trend 0.04

August 0.37 0.05 0.71 No Trend 0.01 August 1.08 0.13 0.28 No trend 0.08
September −0.87 −0.11 0.39 No Trend −0.04 September −1.24 −0.16 0.21 No trend −0.05

October −0.53 −0.07 0.60 No Trend −0.03 October 0.37 0.05 0.71 No trend 0.01
November 1.09 0.14 0.28 No Trend 0.05 November −0.37 −0.05 0.71 No trend −0.01
December 1.23 0.16 0.22 No Trend 0.04 December 0.14 0.02 0.89 No trend 0.00

Agouilal
Mann–Kendall Test

Sen’s
SlopeZ Kendall’s

Tau p-Value Trend

January 1.28 0.15 0.20 No trend 0.04
February 1.68 0.20 0.09 No trend 0.06

Mars 1.15 0.14 0.25 No trend 0.02

April 2.38 0.29 0.017 * Trend
detected 0.06

May 2.04 0.24 0.041 * Trend
detected 0.06

June 3.82 0.45 0.0001 * Trend
detected 0.10

July 3.98 0.47 0.07 No trend 0.10
August 4.13 0.48 0.036 * Trend

detected 0.12

September 2.48 0.30 0.013 * Trend
detected 0.06

October 2.57 0.30 0.01 * Trend
detected 0.09

November 0.30 0.04 0.77 No trend 0.00
December 1.95 0.24 0.05 No trend 0.08

Note: * Indicates p < 0.05. Bold values are significative at 95% family-wise confidence level. p < 0.05 implies a
monotonic trend, positive Z signifies an increase, and negative Z indicates a decrease.

Table A3. Mann–Kendall Test and Sen’s Slope estimator for Tmax.

Mansour
Eddahbi

Dam

Mann–Kendall Test
Sen’s Slope M’semrir

Mann–Kendall Test

Z Kendall’s
Tau p-Value Trend Z Kendall’s

Tau p-Value Trend Sen’s Slope

January 0.45 0.05 0.66 No trend 0.02 January 1.74 0.20 0.08 No trend 0.06
February −1.62 −0.19 0.10 No trend −0.07 February −0.12 −0.02 0.91 No trend 0.00

Mars −0.25 −0.03 0.80 No trend −0.01 Mars 0.13 0.02 0.90 No trend 0.00

April 1.61 0.19 0.11 No trend 0.04 April 2.35 0.28 0.018 * Trend
detected 0.07

May 0.31 0.04 0.75 No trend 0.00 May 2.05 0.24 0.0408 * Trend
detected 0.06

June 0.00 0.00 1.00 No trend 0.00 June 2.22 0.26 0.026 * Trend
detected 0.04

July 0.64 0.08 0.52 No trend 0.01 July 3.48 0.42 0.0005 * Trend
detected 0.05

August 0.22 0.03 0.82 No trend 0.00 August 3.13 0.38 0.0017 * Trend
detected 0.05

September −1.28 −0.15 0.20 No trend −0.02 September 0.84 0.10 0.40 No trend 0.01
October 0.80 0.10 0.43 No trend 0.02 October 1.69 0.21 0.09 No trend 0.05

November 0.17 0.02 0.86 No trend 0.00 November 1.23 0.15 0.22 No trend 0.04
December −0.53 −0.06 0.60 No trend −0.03 December 1.03 0.13 0.30 No trend 0.03
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Table A3. Cont.

Mann–Kendall Test
Sen’s Slope

Mann–Kendall Test
Sen’s Slope

Assaka Z Kendall’s
Tau p-Value Trend Ifre Z Kendall’s

Tau p-Value Trend

January −3.09 −0.36 0.002 * Trend
detected −0.13 January 2.62 0.31 0.008 * Trend

detected 0.13
February −1.64 −0.19 0.10 No trend −0.07 February 1.32 0.15 0.19 No trend 0.08

Mars 0.52 0.06 0.60 No trend 0.02 Mars 2.93 0.34 0.003 * Trend
detected 0.10

April 1.05 0.13 0.29 No trend 0.05 April 3.12 0.36 0.0018 * Trend
detected 0.12

May 1.38 0.16 0.17 No trend 0.05 May 3.11 0.36 0.0019 * Trend
detected 0.10

June 0.38 0.05 0.70 No trend 0.01 June 2.40 0.28 0.0164 * Trend
detected 0.05

July 1.67 0.20 0.10 No trend 0.03 July 3.72 0.44 0.0002 * Trend
detected 0.07

August −1.34 −0.16 0.18 No trend −0.02 August 3.09 0.37 0.0020 * Trend
detected 0.05

September −0.90 −0.11 0.37 No trend −0.03 September 2.16 0.26 0.03 * Trend
detected 0.07

October −0.27 −0.03 0.79 No trend −0.01 October 3.17 0.37 0.001 * Trend
detected 0.10

November 0.54 0.07 0.59 No trend 0.02 November 2.22 0.26 0.026 * Trend
detected 0.09

December −3.80 −0.46 0.0001 * Trend
detected −0.14 December 2.76 0.33 0.006 * Trend

detected 0.10

Agouim
Mann–Kendall Test

Sen’s Slope Ait Mouted

Mann–Kendall Test
Sen’s Slope

Z Kendall’s
Tau p-Value Trend Z Kendall’s

Tau p-Value Trend

January −2.35 −0.3 0.019 * Trend
detected −0.15 January 1.09 0.13 0.28 No trend 0.07

February −1.94 −0.25 0.05 No trend −0.15 February 0.64 0.08 0.52 No trend 0.03
Mars −2.4 −0.31 0.016 * Trend

detected −0.24 Mars 2.29 0.27 0.0221 * Trend
detected 0.1

April −1.02 −0.13 0.31 No trend −0.06 April 2.94 0.36 0.0033 * Trend
detected 0.09

May −0.99 −0.13 0.32 No trend −0.05 May 3.44 0.41 0.0006 * Trend
detected 0.14

June −1.84 −0.24 0.07 Trend
detected −0.08 June 3.3 0.4 0.0001 * Trend

detected 0.14

July −1.55 −0.2 0.12 No trend −0.04 July 4.17 0.5 0.0000 * Trend
detected 0.14

August −1.43 −0.18 0.15 No trend −0.04 August 3.56 0.43 0.0004 * Trend
detected 0.11

September −2.14 −0.27 0.032 * Trend
detected −0.07 September 3.59 0.43 0.0003 * Trend

detected 0.14

October 0.81 0.11 0.42 No trend 0 October 2.48 0.3 0.0133 * Trend
detected 0.1

November −0.26 −0.03 0.8 No trend −0.01 November 3.51 0.42 0.0004 * Trend
detected 0.14

December −0.44 −0.06 0.66 No trend −0.02 December 1.44 0.18 0.15 No trend 0.07

Agouilal
Mann–Kendall Test

Sen’s Slope
Z Kendall’s

Tau p-Value Trend

January 0.38 0.05 0.70 No trend 0.01
February 1.37 0.16 0.17 No trend 0.06

Mars 1.31 0.15 0.19 No trend 0.05

April 2.82 0.33 0.005 * Trend
detected 0.13

May 2.95 0.34 0.003 * Trend
detected 0.11

June 3.43 0.40 0.0006 * Trend
detected 0.09

July 4.86 0.56 0.00 * Trend
detected 0.12

August 4.61 0.53 0.00 * Trend
detected 0.13

September 2.87 0.34 0.004 * Trend
detected 0.07

October 3.35 0.39 0.0008 * Trend
detected 0.10

November 3.25 0.38 0.001 * Trend
detected 0.12

December −1.20 −0.14 0.23 No trend −0.03

Note: * Indicates p < 0.05. Bold values are significative at 95% family-wise confidence level. p < 0.05 implies a
monotonic trend, positive Z signifies an increase, and negative Z indicates a decrease.
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Figure A1. Temporal evolution of SPI values showing wet and dry periods at 3-, 6-, 9-, and 12-month 
timescales for the seven meteorological stations. Red and blue represent dry and wet periods, re-
spectively. 

Figure A1. Temporal evolution of SPI values showing wet and dry periods at 3-, 6-, 9-, and 12-month
timescales for the seven meteorological stations. Red and blue represent dry and wet periods,
respectively.
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Figure A2. Temporal evolution of SPEI values showing wet and dry periods at 3-, 6-, 9-, and 12-
month timescales for the seven meteorological stations. Red and blue represent dry and wet periods, 
respectively. 

References 
1. Guan, X.; Zang, Y.; Meng, Y.; Liu, Y.; Lv, H.; Yan, D. Study on Spatiotemporal Distribution Characteristics of Flood and Drought 

Disaster Impacts on Agriculture in China. Int. J. Disaster Risk Reduct. 2021, 64, 102504. https://doi.org/10.1016/j.ijdrr.2021.102504. 

Figure A2. Temporal evolution of SPEI values showing wet and dry periods at 3-, 6-, 9-, and
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71. Rojan, E.; Dłużewski, M.; Krzemień, K. Sediment Budget of High Mountain Stream Channels in an Arid Zone (High Atlas
Mountains, Morocco). Catena 2020, 190, 104530. [CrossRef]

72. Graf, K. Drinking Water Supply in the Middle Drâa Valley, South Morocco. Options for Action in the Context of Water Scarcity and
Institutional Constraints; Universität zu Köln: Köln, Germany, 2010.

73. Morante-Carballo, F.; Montalván-Burbano, N.; Quiñonez-Barzola, X.; Jaya-Montalvo, M.; Carrión-Mero, P. What Do We Know
about Water Scarcity in Semi-Arid Zones? A Global Analysis and Research Trends. Water 2022, 14, 2685. [CrossRef]

74. Berger, E.; Bossenbroek, L.; Beermann, A.J.; Schäfer, R.B.; Znari, M.; Riethmüller, S.; Sidhu, N.; Kaczmarek, N.; Benaissa, H.;
Ghamizi, M.; et al. Social-Ecological Interactions in the Draa River Basin, Southern Morocco: Towards Nature Conservation and
Human Well-Being Using the IPBES Framework. Sci. Total Environ. 2021, 769, 144492. [CrossRef] [PubMed]

75. Xoplaki, E. Climate Variability over the Mediterranean; Inauguraldissertation der Philosophisch-naturwissenschaftlichen Fakultät
der Universität Bern: Bern, Switzerland, 2002.

76. Lamb, P.J.; Peppler, R.A. North Atlantic Oscillation: Concept and an Application. Bull. Am. Meteorol. Soc. 1987, 68, 1218–1225.
[CrossRef]

77. Trigo, R.M.; Pozo-Vázquez, D.; Osborn, T.J.; Castro-Díez, Y.; Gámiz-Fortis, S.; Esteban-Parra, M.J. North Atlantic Oscillation
Influence on Precipitation, River Flow and Water Resources in the Iberian Peninsula. Int. J. Climatol. 2004, 24, 925–944. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.12912/27197050/157169
https://doi.org/10.1016/j.pce.2023.103425
https://doi.org/10.1007/s41748-020-00169-3
https://doi.org/10.3390/su14074252
https://doi.org/10.3390/w14162511
https://doi.org/10.3390/w15132369
https://doi.org/10.1016/0022-1694(69)90110-3
https://doi.org/10.1029/2020RG000730
https://doi.org/10.1016/j.jafrearsci.2022.104691
https://doi.org/10.2166/wcc.2019.084
https://doi.org/10.1016/j.wace.2017.12.002
https://doi.org/10.3390/su142013166
https://doi.org/10.1016/j.ecolind.2021.107874
https://doi.org/10.1016/j.catena.2020.104530
https://doi.org/10.3390/w14172685
https://doi.org/10.1016/j.scitotenv.2020.144492
https://www.ncbi.nlm.nih.gov/pubmed/33486177
https://doi.org/10.1175/1520-0477(1987)068%3C1218:NAOCAA%3E2.0.CO;2
https://doi.org/10.1002/joc.1048

	Introduction 
	Materials and Methods 
	Study Area 
	Climate Data 
	Methodology 
	Trend Analysis 
	Drought Indices Analysis 
	Drought Characterization 


	Results and Discussion 
	Rainfall and Temperature Variability 
	Annual and Monthly Trend Analysis 
	Analysis of Drought Characteristics 

	Conclusions 
	Appendix A
	References

