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Abstract: This study aims to investigate the shifts in rainfall patterns in the southwestern Mediterranean. 
It focuses on the upper Oum Er-Rbia basin in Morocco. Rainfall series from six stations, spanning over half 
a century (1970 - 2022), were analyzed at multiple temporal scales. Three key aspects of climate dynamics 
were targeted: variability using the coefficient of variation (CV), drought using the Standardized 
Precipitation Index (SPI), and trend based on the Mann-Kendall test, Sen’s slope, and Innovative Trend 
Analysis (ITA). Results show a high rainfall variability, with an annual CV reaching 36 %. It exceeds 50 % 
at the seasonal scale. The SPI analysis highlights a structural drought, as 44 to 54 % of years are dry. 
Seasonal severe to extreme droughts are recurrent during spring and summer. Mann-Kendall and Sen's 
slope analysis indicates a general rainfall decrease, reaching –6.3 mm/yr. A significant reduction of winter 
and spring precipitation explains this trend. The ITA confirms this overall tendency. It further reveals a 
decline in low annual precipitation and an intensification in high values. These findings point to a shift 
toward more irregular and less predictable rainfall regimes, characterized by increased variability and 
concentration of precipitation. Such changes have critical implications for water resource management, 
particularly in terms of groundwater recharge, dam inflows, and long-term system resilience in semi-arid 
environments. 
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1. INTRODUCTION 
 
Climate change is one of the most significant 

environmental challenges worldwide (Kim et al., 
2026; Stewart et al., 2026). Several studies emphasize 
significant warming in recent decades (Herrera et al., 
2023). Its impacts are more and more felt across 
various sectors, mainly water resources (Mengistu et 
al., 2025), threatening both their availability and 
quality (Tercini et al., 2021). 

The Mediterranean basin is one of the most 
vulnerable regions to climate change (Baycan et al., 
2025) as a result of the warming, altered circulation, 
and water resource depletion (Nikolova et al., 2026). 
The change results in increased intensity and 
frequency of extreme weather events, including 
severe droughts and recurrent violent floods, causing 

devastating inundations (Polychroni et al., 2026). 
Significant spatial and temporal variability is 
highlighted across the Mediterranean (Vicente-
Serrano et al., 2025). Many researchers have 
documented an alteration in the rainfall regime 
(Boughdadi et al., 2024). Nistor & Man (2019) 
reported a strong decrease in precipitation throughout 
the 21st century. Raymond et al. (2016) stated a 
decrease in rainy days at the annual scale and in 
precipitation amounts during the wet season. 

Based on daily data collected from 
southeastern Spain, Valdés-Abellán et al. (2017) 
found that there was a substantial change in the yearly 
rainfall pattern with reductions of around 15 %. 
Additionally, Deitch et al. (2017) looked at spatial 
variability and long-term trends of precipitation 
globally in areas of a Mediterranean climate, locating 
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statistically significant reductions in annual rainfall at 
many sites. The highest values were observed in 
Spain and Northern Italy. In northern Algeria, Achite 
et al. (2025) reported an increase in recurrence and 
intensity of drought events related to climate change. 

Morocco, located at the extreme southwest of 
the Mediterranean, experiences considerable 
variability in its weather conditions (Driouech et al., 
2009), characterized by periods of prolonged drought 
as well as episodes of intense rainfall and flooding. 
Numerous previous studies have documented these 
fluctuations. Tramblay et al. (2013) observed an 
increase in dry spells in northern Morocco, 
accompanied by a reduction in overall precipitation 
and a decrease in the number of rainy days. These 
findings were corroborated by Filahi et al. (2016), who 
also reported a distinct trend toward drier conditions, 
although there is no significant long-term change 
detected in the extreme rainfall events across the 
country. Only some regions in northern and central 
Morocco exhibit notable trends (Filahi et al., 2016). 

Many works have tried to improve the 
understanding of large-scale rainfall patterns across 
Morocco. Research carried out by Singla et al. (2010) 
on twenty-seven Moroccan basins found a small 
increase in precipitation in the northern Rif 
mountains. Nevertheless, a significant decrease is 
evident in other parts of the country since the late 
1970s. In the Sebou basin, Kessabi et al. (2022) 
observed an overall decline in the annual total 
rainfall. At the seasonal level, the same study had 
reported a small increase in autumn, while winter, 
spring, and summer all exhibit a negative trend. In 
lower Sebou, Hakam et al. (2022) found a decrease in 
rainfall for early winter (December) and early spring 
(March) of 0.42 and 0.50 mm/year, respectively. 
Bouchaou et al. (2011) reported a similar general 
decline in the Souss-Massa basin. In the Oum Er-Rbia 
basin, the changes in climate have affected 
hydroclimatic pattern (Ouatiki et al., 2019), with 
evident trend towards drier conditions. High recurrent 
years (50 - 63 %) show deficits in precipitation after 
1980 - 1981. At the upstream of the Oum Er Rbia 
river, in a mountainous region with a Mediterranean 
climate (Martin, 1981), the El Hansali Dam basin 
sustains the critical low-flow regime of this vital river. 
However, due to climate instability, there has been a 
substantial decline in the amount of groundwater 
storage, threatening the hydrologic situation of the 
basin (Tahiri et al., 2022). Water resource availability 
depends largely on precipitation amounts, which 
themselves are highly affected by climate variability.  

Despite their increasing number, most works 
on rainfall patterns in Morocco focus on their various 
aspects separately, and often at the annual scale. Only 

a few studies used an integrated, multi-temporal 
approach. Some of them have focused on the trend, 
relying primarily on the classical Mann-Kendall and 
Sen's slope tests (En-Nagre et al., 2024; Hakam et al., 
2022). Other studies have attempted to characterize 
rainfall variability using statistical indices such as the 
coefficient of variation (El Qorchi et al., 2023) or 
rainfall concentration indices (Salhi et al., 2019). 
Another relevant aspect that has received research 
attention is drought assessment, which relies 
primarily on the Standardized Precipitation Index 
(Ouatiki et al., 2019; Zian et al., 2024). Consequently, 
there is a real need for innovative methods together 
with classical ones to investigate trends in detail. In 
particular, the Innovative Trend Analysis (ITA), 
which identifies non-monotonic and amplitude-
dependent trends in precipitation data (Wu & Qian, 
2017), has not been sufficiently studied in the semi-
arid basins of Morocco.  

To address this gap, this work utilizes a 
comprehensive assessment that integrates 
precipitation variability, drought assessment, and 
trend analysis across different timescales. It aims to 
improve the current understanding of precipitation 
patterns’ evolution within the semi-arid 
Mediterranean region through the case of the upper 
Oum Er-Rbia Basin. The assessment is based on data 
from six rain gauge stations, which reflect the 
altitudinal and climatic gradients across the basin. A 
dataset of more than five decades (1970 - 2022) of 
records increases the reliability of the conclusions 
from these analyses. 

The significance of this study lies in its 
integrated, multi-timescale methodological approach 
(annual, seasonal, and monthly), combining 
precipitation variability indicators, the Standardized 
Precipitation Index (SPI), and complementary trend 
detection methods. The Mann-Kendall test identifies 
the statistical significance of monotonic trends, while 
Sen's slope quantifies their magnitude (mm per unit 
time). Innovative trend analysis (ITA) provides 
additional information by detecting the differentiated 
behavior of low, average, and heavy rainfall. 

 
2. MATERIALS AND METHODS 
 
2.1. Study area 

 
The study area is located mostly in the Middle 

Atlas. It covers the most northeastern part of the Oum 
Er-Rbia basin, upstream of El Hansali Dam (Figure 
1), spanning an area of 3,389 km². The altitude ranges 
from 600 m to nearly 2,400 m (Midaoui et al., 2024). 
The Liassic carbonate cover predominates. It rests on 
Triassic clays and Paleozoic schist bedrock, and 
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promotes the continuous resurgence of numerous 
Vauclusian springs. The most important are those of 
the Oum Er-Rbia (Bentayeb & Leclerc, 1977). 
Hydrologically, the basin is drained by the Oum Er-
Rbia River, which originates in the Bekrit syncline 
(Oued Fellat). It flows towards the Ahmed El Hansali 
Dam, with a network of tributaries, the main one 
being the Oued Serou. The region is characterized by 
a mountainous Mediterranean climate, with a mean 
annual rainfall of approximately 570 mm, calculated 
over a period of 52 years (1970 - 2022) of data 
obtained from the Oum Er-Rbia River Basin Agency. 
 

2.2. Used rainfall data 
 
This study utilized monthly rainfall time series 

provided by the Oum Er-Rbia Hydraulic Basin 
Agency (ABHOER), the body responsible for the 
mobilization, management, and planning of water 
resources at the watershed scale. The data cover the 
period from September 1970 to August 2022, 
ensuring adequate temporal coverage for climate 
variability assessment and long-term trend detection 
(OMM & GWP, 2016). The dataset includes 
observations from six rain gauges, retained for their 
representative altitudinal gradient (Table 1) and their 
spatial distribution covering the main geographical 
areas of the basin (Figure 1). The rainfall series used 
in this study had previously undergone rigorous 
quality control and homogeneity test in our earlier 
work (El-Hamdouny et al., 2025). To identify 

outliers, fill missing data, and remove non-climatic 
inhomogeneities, we used the Reduced Major Axis 
(RMA) and the Standard Normal Homogeneity Test 
(SNHT) methods. 

 
Table 1. Rain gauge Stations in the Upper Oum Er-Rbia. 

Stations Longitude 
(°) 

Latitude 
(°) 

Elevation 
(m) 

Dchar El Oued 
(S1) -5.90 32.68 595 

Taghzoute (S2) -5.80 32.71 690 
Chacha 

N’Amellah (S3) -5.74 32.78 685 

Aval El Heri (S4) -5.63 32.86 830 
Tarhat (S5) -5.65 33.00 1036 

Tamchachat (S6) -5.27 33.07 1685 
 
2.3. Methodology 

 
2.3.1. Workflow 
Figure 2 shows the sequence of data 

processing and analysis steps used in this study, 
from raw rainfall records to the production of final 
analytical results. In the first step, monthly rainfall 
data were preprocessed to extract the annual total 
based on hydrological year (Sep to Aug). Using the 
same procedure, seasonal rainfall amounts were 
calculated for autumn (Sep – Nov), winter (Dec - 
Feb), spring (Mar - May), and summer (Jun - Aug). 
The resulting multiscale data set was then processed 
in the R environment and Excel. 

 
Figure 1. Location of the Upper Oum Er-Rbia basin. 
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Figure 2. Methodological framework adopted for this 

study. 
 

Three analytical components were implemented 
in parallel. The first one focused on rainfall variability 
and included an exploratory statistical analysis by 
calculating descriptive indicators, including standard 
deviation and coefficient of variation. The second 
component included drought analysis based on the 
Standardized Precipitation Index. SPI values were 
calculated using the “SPEI” package and were used to 
determine the frequency and severity of drought. The 
third component dealt with trend detection using a 
complementary statistical and graphical method 
(Malik et al., 2019). To identify trend direction and 
magnitude, we used the Mann-Kendall test with Sen's 
slope, while we used the Innovative Trend Analysis to 
detect specific trend in low, medium, and high values 
separately. The “trend” and “trendchange” packages 
helped to achieve this work within the R environment. 
Finally, the analysis of the outputs from these three 
components converges to a consistent precipitation 
characterization in the Upper Oum Er-Rbia basin. 

 
2.3.2. Rainfall variability 
To quantify the temporal variability of rainfall, 

we conducted a statistical analysis based notably on 
the coefficient of variation CV (Mekuria et al., 2025; 
Orke & Li, 2021). It measures relative data dispersion 
around the mean in a normalized way. Three 
categories of rainfall variability are distinguished 
(Belay et al., 2021; Pawar et al., 2022): low (CV < 20 
%) indicates stable rainfall conditions with limited 
variability, moderate (20 % ≤ CV ≤ 30 %) references 
occasional variability, and high (CV > 30%) denotes 

pronounced alternating wet and dry years.  
 
2.3.3. Drought analysis based on SPI index  
The SPI method was proposed by McKee et al. 

(1993). It has become a widely used climatic indicator 
(Jain et al., 2015; Stricevic et al., 2011), especially in 
drought warning and forecasting systems 
(Bonaccorso et al., 2015; Park et al., 2018). It was 
recommended by the World Meteorological 
Organization as a reference index for monitoring 
meteorological droughts (OMM, 2012). The 
robustness and simplicity of this method, combined 
with its processing flexibility, explain its approbation 
for characterizing drought severity (Tri et al., 2019). 
According to Ghazi et al. (2025), the SPI's 
adaptability to different time scales makes it a useful 
index widely employed to assess the frequency and 
severity of droughts under climate change. 

The SPI computation consists of transforming 
positively skewed precipitation series into a normally 
distributed series, allowing direct comparison of wet 
and dry conditions across time and space, 
independently of climatic regime. The process 
involves constructing rainfall series at a specific 
accumulation period (number of months), fitting a 
Gamma probability distribution, and calculating the 
Cumulative function 𝐹𝐹(𝑥𝑥), which is transformed into 
a standard normal variable, representing the SPI value 
(Equation 1). 
 

𝑆𝑆𝑆𝑆𝑆𝑆 = Φ−1�𝐹𝐹(𝑥𝑥)� (1) 
 

with Φ−1 denotes the inverse cumulative function of 
the standard normal distribution with mean 𝜇𝜇 = 0 and 
standard deviation 𝜎𝜎 = 1. 

In this study, the 3-month and 12-month SPI 
were computed to capture seasonal and annual 
drought variability, respectively. The process results 
in one value per month regardless of the accumulation 
scale. To characterize seasonal drought, we extracted 
the SPI value of the terminal month of each season 
(e.g., November for autumn), as it reflects the 
cumulative moisture conditions at the end of the 
period. Similarly, for the annual analysis, the SPI of 
August (end of hydrological year) was used. 
According to McKee et al. (1993), drought events are 
identified by consecutive negative SPI values, while 
positive values indicate wetter-than-normal 
conditions. The drought intensity is summarized in 
Figure 3. 

 
2.3.4. Trend analysis with Mann–Kendall test 
The Mann-Kendall test (Kendall, 1975; Mann, 

1945) is commonly used in evaluating long-term 
trends (Zhang et al., 2001). It doesn’t require specific 
assumptions about data distribution, and it is robust 
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Figure 3. Classification of drought based on SPI values 

(McKee et al., 1993). 
 

to outliers. It reliably detects monotonic trends, whether 
upward or downward, in time series (Lu et al., 2015). In 
addition to these advantages, the Mann-Kendall test is 
used here because it is well-suited to the skewed nature 
of rainfall data, and because it is compatible with and 
complements the Sen's slope method. 

The test is based on the relative magnitudes of 
the values (Gilbert, 1987). A test statistic S is 
calculated based on the sign of the differences 
between pairs of values in the time series (Equation 
2). Each value in the time series is compared to those 
preceding it, giving a total of n(n−1)/2 pairs, where n 
is the number of observations in the series. Starting 
from zero, S is incremented by 1 when the difference 
is positive and decremented by 1 when it is negative. 
The premise is that if a trend is present, the value of 
S will tend to increase or decrease monotonically. A 
positive (negative) S designates an increasing 
(decreasing) trend. 
 

𝑆𝑆 = ∑ ∑ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖�𝑛𝑛
𝑗𝑗=𝑖𝑖+1

𝑛𝑛−1
𝑖𝑖=1 (2)  

 

where 𝑥𝑥𝑖𝑖 and 𝑥𝑥𝑗𝑗 denote observations at time 𝑖𝑖 and 𝑗𝑗 
respectively, with 𝑗𝑗 > 𝑖𝑖, and 𝑛𝑛 is the total number of 
observations. 

To quantify the reliability of the trend, the 
normalized test statistic Z is therefore calculated 
based on the values of S and its variance Var(S) 
(Equation 3).  
 

𝑍𝑍 = �
(𝑆𝑆 − 1) �𝑉𝑉𝑉𝑉𝑉𝑉(𝑆𝑆)⁄    𝑖𝑖𝑖𝑖  𝑆𝑆 > 0
                                0    𝑖𝑖𝑖𝑖  𝑆𝑆 = 0
(𝑆𝑆 + 1) �𝑉𝑉𝑉𝑉𝑉𝑉(𝑆𝑆)⁄   𝑖𝑖𝑖𝑖  𝑆𝑆 < 0

(3)  

 

Z is distributed normally 𝑍𝑍~𝛮𝛮(0,1). The trend is 
significant if the computed probability is less than the 
significance level (5 % as default). 

No pre-whitening procedure was applied, as 
precipitation series are generally characterized by 
weak persistence. A global analysis conducted by Sun 
et al. (2018) shows that more than 76 % of land-based 
precipitation records exhibit no significant lag-1 
autocorrelation. 
 

2.3.5. Sen's Slope trend magnitude estimator 
Originally proposed by Sen (1968), Sen’s slope 

method estimates the trend slope as the median of all 

pairwise slopes between data points (Equation 4). Its 
robustness to outliers and large fluctuations makes it 
particularly suitable for hydroclimatic time series. A 
positive (negative) value of the median slope 
indicates an increasing (decreasing) trend. 
 

𝑄𝑄(𝑖𝑖,𝑗𝑗) = �𝑥𝑥𝑗𝑗−𝑥𝑥𝑖𝑖�
(𝑗𝑗−𝑖𝑖)

  𝑤𝑤𝑤𝑤𝑤𝑤ℎ 1 ≤ 𝑖𝑖 <  𝑗𝑗 ≤ 𝑛𝑛 (4)  
 

𝑄𝑄(𝑖𝑖,𝑗𝑗) is the slope between data points 𝑥𝑥𝑖𝑖 and 𝑥𝑥𝑗𝑗. 
 

2.3.6. Innovative Trend Analysis  
The Innovative Trend Analysis (ITA) proposed 

by Şen (2012), is a non-parametric and widely used 
method (Serinaldi et al., 2020). Unlike classical tests, 
which evaluate a single monotonic trend over the 
entire time series (Hamed, 2008; Yue & Wang, 2004), 
a key advantage of ITA is its ability to reveal trend 
behaviors hidden in low, medium, and high values 
within the same dataset, which are often masked by 
global trend tests (Kisi & Ay, 2014; Öztopal & Şen, 
2017). This characteristic is very useful for rainfall 
analysis in a semi-arid Mediterranean climate, with 
high variability and very frequent extreme events. 
Furthermore, the ITA method provides a graphical 
representation that allows an intuitive interpretation 
of trends (Buyukyildiz, 2023). 

The procedure consists of dividing the time 
series into two equal sub-periods. Each sub-series is 
then sorted independently, and a scatter plot is 
constructed based on the first half (𝑥𝑥𝑖𝑖) and the second 
half (𝑦𝑦𝑖𝑖) (Addou et al., 2024). The 45° diagonal line 
represents the no-trend condition, points located above 
the diagonal indicate an increasing trend, whereas 
points below indicate a decreasing trend (Şen, 2014).  

Quantitative indicators can be derived to 
support graphical interpretation. The ITA trend 
indicator 𝐷𝐷 (Equation 5) is defined as the mean of the 
normalized differences between the two sub-series. 
Normalization is performed using the mean of the 
first half, considered the reference period for change 
detection. 
 

𝐷𝐷 = 1
𝑛𝑛
∑ 10(𝑦𝑦𝑖𝑖−𝑥𝑥𝑖𝑖)

𝑥̅𝑥
𝑛𝑛
𝑖𝑖=1 (5)  

 

where 𝑛𝑛 represent the number of observations in each 
sub-series, 𝑥𝑥𝑖𝑖 and 𝑦𝑦𝑖𝑖 are the sorted values of the first 
and the second halves, respectively, and 𝑥̅𝑥 is the mean 
of the first half. 

The ITA trend slope SITA is estimated using 
equation 6 (Modaresi et al., 2025; Şen, 2017). 
 

𝑆𝑆𝐼𝐼𝐼𝐼𝐼𝐼 = 2(𝑦𝑦�−𝑥̅𝑥)
𝑁𝑁

(6)  
  

where N denote the total number of data, 𝑥̅𝑥 and 𝑦𝑦� are 
the means of the two halves, 𝐶𝐶𝐶𝐶1−𝛼𝛼 is the confidence 
limit at the 𝛼𝛼 percent significance level, 𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐 is the 
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critical value of the Gaussian distribution function, 
𝜎𝜎𝑠𝑠 is the standard deviation of all data, and 𝜌𝜌𝑦𝑦,𝑥𝑥 is the 
correlation coefficient of the two sub-series. 
 

3. RESULTS  
 

3.1. Spatiotemporal rainfall variability 
 

3.1.1. Annual variability 
The exploratory statistical analysis over the 

1970 - 2022 period reveals strong interannual 
variability of total rainfall in all stations (Figure 4). 
Exceptionally rainy years, such as 1995/1996 and 
2009/2010, contrast sharply with dry years including 
1994/1995 and 2015/2016. Mean annual rainfall 
increases from 496 mm at the centrally located 
Chacha N’Amellah station (S3) to 691 mm at the 
Tamchachat station (S6) in the upstream mountainous 
areas (Figure 1). The standard deviation (SD) shows 
more pronounced variability at Tamchachat (S6) with 
higher values (250.7 mm), compared to Chacha 
N’Amellah (S3), which exhibits the lowest SD (162.4 
mm). The Coefficient of Variation (CV), which 
quantifies relative dispersion, ranges between 32.3 % 
at Tarhat (S5) and 36.3 % at Tamchachat (S6). 

 
3.1.2. Seasonal variability  
Table 2 shows that winter, the wettest season, 

records average rainfall exceeding 200 mm at all 
stations, with a maximum of 280.6 mm at station S6. 
The CV exhibits significant interannual variability (59 
- 66 % depending on the station). Autumn and spring 
show comparable intermediate rainfall levels but differ 
in their variability; autumn is characterized by higher 
CV (> 60 %) than spring (54 - 60 %). Summer rainfall 
remains marginal (> 50 mm) but is distinguished by 
extremely high variability (CV can exceed 100 %). 

 
3.2. Drought analyses based on SPI 

 
3.2.1. Annual SPI results 
The annual SPI series (Figure 5) shows that dry 

years represent about 44 to 54 % of the observation period 
across the basin (Table 3). Two humid phases can be 
clearly identified. The first spans the 1970s decade, at the 
beginning of the record, during which positive SPI values 
dominate across all stations. It is followed by a prolonged 
dry period from 1980/81 to 2007/08, with negative SPI 
values prevailing. Although, several isolated wet years 
are embedded within. A second humid phase is observed 
from 2008/09 to 2018/19. It is characterized by relatively 
high humidity levels at its onset, followed by a gradual 
decrease in positive SPI values over time. Toward the end 
of the record, this humid phase transitions into a dry 
period beginning in 2019/20.  

Table 2. Descriptive statistics (in mm) of seasonal 
rainfall series at the six stations (S1–S6). 

  Mean Max Min SD CV (%) 

A
ut

um
n 

 S1 146.2 481.3 1.5 98.9 67.6 
S2 122.1 367.8 0.0 79.2 64.9 
S3 116.9 389.5 13.0 79.8 68.3 
S4 126.6 408.5 7.3 89.9 71.0 
S5 133.8 345.9 11.0 83.7 62.6 
S6 164.1 489.2 0.0 101.2 61.7 

W
in

te
r  

S1 237.4 703.0 41.6 140.3 59.1 
S2 206.2 691.9 45.7 124.0 60.1 
S3 201.6 638.6 39.2 126.1 62.5 
S4 221.9 697.3 46.8 140.3 63.2 
S5 224.9 617.0 58.8 135.6 60.3 
S6 280.6 952.5 36.9 183.7 65.5 

Sp
rin

g 
 

S1 185.5 578.9 26.1 105.9 57.1 
S2 168.5 328.1 23.4 91.9 54.6 
S3 156.2 295.2 22.5 83.9 53.7 
S4 170.5 351.3 35.4 97.8 57.4 
S5 173.1 364.4 25.7 93.8 54.2 
S6 207.5 488.7 28.7 124.0 59.8 

Su
m

m
er

  
S1 22.1 99.1 0.0 21.8 98.8 
S2 17.2 85.8 0.0 17.0 98.8 
S3 21.5 97.4 0.7 22.1 103.0 
S4 31.5 93.9 0.0 24.3 77.1 
S5 45.7 238.7 0.5 43.3 94.8 
S6 38.9 151.0 0.0 33.8 86.9 

 
Table 3. Percentage of Wet and Dry years according 
to SPI. 

 Wet 
years  

Dry 
years 

Categories among Dry yr (%)  
mild  moderate Severe  

S1 50.0 50.0 69.2 15.4 15.4 
S2 53.9 46.2 58.3 37.5 4.2 
S3 46.2 53.9 67.9 17.9 14.3 
S4 50.0 50.0 65.4 23.1 11.5 
S5 50.0 50.0 65.4 15.4 19.2 
S6 55.8 44.2 52.2 34.8 13.0 

 
A strong spatial synchrony is observed among 

the six stations, characterized by the near-
simultaneous occurrence of wet and dry years across 
the basin. Regarding drought severity classes, mild 
dry conditions clearly dominate across all stations, 
accounting for more than half of the dry years. 
Moderately dry conditions show greater spatial 
variability, representing between 15.4 % (S1&S5) 
and 37.5 % (S2) of dry years. Severely dry conditions 
remain comparatively infrequent at all stations but are 
more pronounced at S5 (19.2 %). No extremely dry 
conditions (SPI < −2) were recorded at any station 
over the study period. 

 
3.2.2. Seasonal SPI results 

Seasonal SPI results (Figure 6) show values 
exceeding the critical thresholds of −4 or even −5 
sporadically in the spring of 1998/99 (S1) and in the 
autumns of 1981/82 (S2) and 2001/02 (S6). A 
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persistence and clustering of deficits have been 
observed recently. These are particularly pronounced 
during the winter (Figure 6b) and autumn (Figure 6c) 
of the last years (2018 - 2022). Spring displays the 
lowest record with an SPI close to −6. The graph in 
Figure 6d shows that summer is characterized by a 
very marked contrast in SPI values from one year to 
the next and from one station to another. This 
contrast, very evident graphically, is manifested by 
both the magnitude and the sign of the SPI index. 

3.3. Mann-Kendall and Sen’s slope Trend 
analyses 

 
3.3.1. Annual Rainfall Trend 
The Mann-Kendall (MK) test results (Table 4) 

reveal a consistent decreasing tendency in annual 
rainfall across all six stations, as indicated by negative 
Z values. However, this downward trend is statistically 
significant at the 5 % level only at Tamchachat (S6), 
with a Z of −2.52 and a p-value of 0.01. 

 

 
Figure 4. Annual rainfall (mm) at the six stations S1–S6 from 1970/71 to 2021/22. The dashed line represents the 

interannual mean (Pm), SD and CV (%) denote the standard deviation and the coefficient of variation, respectively.

 
Figure 5. Annual Standardized Precipitation Index (extracted from SPI-12).
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Figure 6. Seasonal Standardized Precipitation Index for: (a) Autumn, (b) Winter, (c) Spring, and (d) Summer.
 
The magnitude of the detected trends, 

estimated using Sen’s slope, varies across the basin. 
Decline rates range from −1.49 to −2.62 mm/yr at five 
stations, while a markedly stronger decrease is 
observed at S6, with a Sen’s slope of −6.3 mm/yr. 

 
3.3.2. Seasonal Rainfall Trend 
The MK results (Table 5) reveal varying trend 

directions observed within the same station 
depending on the season. Overall, a non-significant 

 
Table 4. Mann–Kendall (MK) and Sen’s slope (S) 
results for annual rainfall (1970–2022). 
 MK (z) P-value Significance 

(5%) 
S 

(mm/y) 
S1 -1.17 0.24 - -2.38 
S2 -0.96 0.33 - -1.49 
S3 -1.25 0.21 - -1.74 
S4 -0.97 0.33 - -1.86 
S5 -1.50 0.13 - -2.62 
S6 -2.52 0.01 + -6.30 
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Table 5. Mann–Kendall and Sen’s slope results for seasonal rainfall trends. 
  Autumn Winter Spring Summer 

MK 
(Z) 

p-value Sen MK 
(Z) 

p-value Sen MK 
(Z) 

p-value Sen MK 
(Z) 

p-value Sen 

S1 1.03 0.30 1.04 -1.40 0.16 -1.90 -0.75 0.45 -0.74 -1.16 0.25 -0.15 
S2 0.73 0.46 0.56 -1.32 0.19 -1.27 -0.80 0.42 -0.76 0.88 0.38 0.09 
S3 0.84 0.40 0.48 -1.40 0.16 -1.35 -0.99 0.32 -0.95 0.73 0.47 0.10 
S4 0.49 0.62 0.37 -1.05 0.29 -1.06 -0.91 0.36 -0.86 -0.46 0.65 -0.09 
S5 0.78 0.43 0.60 -1.16 0.25 -1.24 -0.72 0.47 -0.61 0.35 0.73 0.13 
S6 -0.61 0.53 -0.55 -1.05 0.29 -1.70 -2.31 0.02 -2.40 -3.02 0.00 -0.73 

Table 6. Results of Mann–Kendall test and Sen’s slope estimates for monthly rainfall. 
 MK (Z) p-value slope  MK (Z) p-value slope  MK (Z) p-value slope 
 SEP  OCT  NOV 
S1 0.24 0.81 0.01 

 
0.81 0.42 0.18 

 
1.13 0.26 0.57 

S2 0.00 1.00 0.00 
 

0.64 0.52 0.13 
 

0.65 0.51 0.28 
S3 -0.01 0.99 0.00 

 
0.64 0.52 0.15 

 
0.99 0.32 0.39 

S4 -1.11 0.27 -0.10 
 

0.68 0.49 0.14 
 

0.97 0.33 0.40 
S5 -0.64 0.52 -0.07 

 
0.09 0.93 0.02 

 
1.18 0.24 0.60 

S6 -1.29 0.20 -0.17 
 

-1.84 0.07 -0.40 
 

0.62 0.53 0.37 
 DEC  JAN  FEB 

S1 -0.62 0.53 -0.32 
 

-0.96 0.34 -0.60 
 

-0.68 0.49 -0.30 
S2 -0.33 0.74 -0.15 

 
-1.04 0.30 -0.52 

 
-0.49 0.62 -0.17 

S3 -0.64 0.52 -0.28 
 

-0.74 0.46 -0.43 
 

-1.21 0.23 -0.46 
S4 -0.52 0.60 -0.25 

 
-0.81 0.42 -0.42 

 
-0.91 0.37 -0.39 

S5 -0.51 0.61 -0.30 
 

-1.14 0.25 -0.43 
 

-1.00 0.32 -0.39 
S6 -0.61 0.54 -0.44 

 
-0.66 0.51 -0.36 

 
-0.65 0.51 -0.48 

 MAR  APR  MAY 
S1 -0.44 0.66 -0.20 

 
-0.96 0.34 -0.38 

 
-0.39 0.70 -0.06 

S2 -0.29 0.77 -0.10 
 

-0.81 0.42 -0.45 
 

-0.46 0.65 -0.08 
S3 -0.31 0.76 -0.14 

 
-1.16 0.25 -0.45 

 
-0.90 0.37 -0.16 

S4 -0.15 0.88 -0.08 
 

-0.81 0.42 -0.41 
 

-0.78 0.43 -0.16 
S5 -0.10 0.92 -0.06 

 
-0.68 0.50 -0.31 

 
-0.68 0.49 -0.13 

S6 -1.15 0.25 -0.48 
 

-2.59 0.01 -1.16 
 

-2.03 0.04 -0.53 
 JUN  JUL  AUG 

S1 -2.20 0.03 -0.08 
 

0.09 0.93 0.00 
 

1.04 0.30 0.00 
S2 -0.95 0.34 0.00 

 
1.09 0.28 0.00 

 
1.90 0.06 0.00 

S3 -2.15 0.03 -0.13 
 

2.15 0.03 0.00 
 

2.12 0.03 0.08 
S4 -2.68 0.01 -0.24 

 
1.58 0.11 0.00 

 
2.13 0.03 0.11 

S5 -1.82 0.07 -0.16 
 

1.97 0.05 0.01 
 

2.49 0.01 0.15 
S6 -3.96 0.00 -0.60 

 
-0.76 0.45 0.00 

 
0.57 0.57 0.00 

(p > 0.05) downward trend is observed during winter 
and spring, although Sen’s slopes are lower in spring. 
In autumn, a slight, non-significant upward trend is 
observed for the majority of stations. In summer, the 
results appear more heterogeneous, with a positive 
trend at stations S2, S3, and S5 and a negative trend 
at S1, S4, and S6. However, most summer slopes 
remain close to zero, indicating non-significant and 
minor changes. Overall, the observed trends are not 
statistically significant except at station S6. It exhibits 
a significant decrease in precipitation in the spring (p 
= 0.02) and summer (p = 0), with corresponding Sen 
slopes of −2.4 mm/season and −0.73 mm/season. 

 
3.3.3. Monthly Rainfall Trend 
From December to June, a near-generalized 

downward trend is observed (Table 6). The decrease 
observed remains statistically insignificant, with a 
Sen's slope not exceeding −0.60 mm/month at almost 
all stations. From July to September, there is globally 
no trend (Sen's slope ≈ 0). However, October and 
November show a generalized non-significant upward 
trend, with a slope reaching +0.6 mm/month. Station 
S6 remains an exception at the basin scale. It shows, 
relatively, a marked and significant reduction in 
precipitation, notably in April (Sen's slope = −1.16). 
 

3.4. Innovative Trend Analysis 
 

3.4.1. Annual ITA results 
The results of the ITA method show a negative 

trend in annual precipitation. The trend slope S values 
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are negative in all stations, reaching −3.66 at S6. In 
contrast, station S3 exhibits a notable stability (S = 
−0.016; D = −0.008), with data points closely 
clustered around the 1:1 reference line. 

Graphical analysis of scatter plots (Figure 7) 
reveals contrast within the different categories of 
values. Indeed, while low values points fall below the 
1:1 line, indicating a decreasing trend, high values are 
frequently positioned above (except at station S5), 
which signifies an increasing trend. Medium values 
are stable. Station S6 exhibits a strong decrease in 
annual precipitation (S = −3.666 and D = −1.29). It 
affects all rainfall categories low, medium, and high. 

 
3.4.2. Seasonal ITA results 
In autumn, despite the decrease in the Low 

category, an overall positive trend is observed at most 
stations (Table 7). During winter, although some 
stations (e.g., S1 and S2) display increasing 
tendencies in high-intensity precipitation, the general 
seasonal slopes remain negative, with relatively weak 
values (from −0.08 to −0.61). Spring rainfall is 
characterized by a steeper downward trend, with 
stronger negative slopes (−2.44 at S6). The decrease 
affects the Medium and mainly the High category. In 
summer, the total trend is near-stable, with slopes 

close to zero, despite the relatively pronounced 
decline in high-intensity events (up to −14.23). 

 
3.4.3. Monthly ITA results 
The heatmap (Figure 8) shows a widespread 

negative trend from February to April. All stations 
show negative values, with a sharp minimum in April 
at S6 (S = −1.77). The period from May to October 
shows weaker and more contrasting trends. 
Conversely, it become clearly positive in the rest of 
the months (November to January), particularly in 
November and December, where all stations exhibit 
positive slopes, reaching S=1.36 in S1.  

 
4. DISCUSSION 

 
The high rainfall variability evidenced by the 

results in the study area fits the semi-arid climate of 
the Mediterranean region in North Africa (Achite et 
al., 2024; Yavaşlı, 2025). The high coefficient of 
variation, at both annual and seasonal scales, reflects 
a structural irregularity rather than an anomaly in the 
region. This variability is also spatial, manifesting as 
a gradient between stations depending on altitude. 
The oscillatory aspect of drought and humid periods 
identified through the SPI reflects the non-linear 

 
Figure 7. ITA annual trend results. 

 
Table 7. Seasonal Innovative Trend Analysis (ITA) results as trend slopes at the six stations. 

 
Autumn Winter Spring Summer 

L M H Total L M H Total L M H Total  L M H Total 
S1 -1.57 3.21 10.92 1.54 -0.71 -3.36 10.47 -0.61 0.02 -4.99 -26.36 -1.22 -0.13 -1.47 -4.78 -0.39 
S2 -1.47 2.68 6.19 0.82 -0.31 -1.12 25.65 -0.35 -1.06 -2.10 -39.38 -1.21 0.26 -0.47 -7.34 -0.03 
S3 -0.54 1.85 7.14 1.31 -1.39 -0.68 2.72 -0.33 0.10 -4.28 -45.33 -1.01 0.19 -0.95 -1.73 0.01 
S4 -1.87 1.16 9.81 1.38 -0.55 -1.03 -3.16 -0.35 0.07 -4.43 -37.20 -1.49 -0.25 -0.79 -2.43 -0.28 
S5 -1.59 3.18 8.94 1.18 -0.85 -0.73 -7.23 -0.41 -0.01 -2.49 -11.93 -1.50 1.00 0.07 -4.00 -0.16 
S6 -3.67 -2.10 9.38 -0.06 -0.30 -0.12 1.40 -0.08 -3.64 -8.42 -22.95 -2.44 -2.36 -1.55 -14.23 -1.09 



241 

 
Figure 8. Heatmap of monthly overall ITA trend slope (S) 

per station. 
 
rainfall dynamics documented across the Mediterranean 
region (Singla et al., 2010; Tramblay et al., 2019). It is 
worth noting that extreme seasonal SPI values falling 
below −4 or even −5 should not necessarily be 
interpreted as strict probabilistic rarities under normal 
distribution assumptions. They reflect an extreme 
relative moisture deficit that appears in seasons with 
inherently low precipitation totals and strong variability. 

While local variability can be explained by the 
topographic factor linked to the orography of the basin 
(Atlas Mountains), the temporal evolution of 
precipitation suggests the influence of large-scale 
atmospheric circulation. Similar patterns have been 
observed in the Middle Atlas and other Moroccan basins 
(Chaqdid et al., 2023; Driouech, 2010). In particular, 
phenomena controlling moisture transport toward North 
Africa, such as the North Atlantic Oscillation (NAO) 
and the Western Mediterranean Oscillation (WeMO), 
play a crucial role (Hakam et al., 2025; Mathbout et al., 
2020). Positive phases of the NAO are generally 
associated with decreased precipitation in North Africa 
(Boughdadi et al., 2023), while negative phases promote 
increased moisture input (Lamb & Peppler, 1987; 
Marchane et al., 2016). Similarly, the WeMO has been 
shown to strongly influence precipitation variability in 
the western Mediterranean, particularly in autumn and 
winter (Lopez-Bustins & Lemus-Canovas, 2020). The 
synchronization of rainfall anomalies between stations 
also confirms the predominance of regional climatic 
influences (Driouech, 2010). 

The Mann-Kendall test and the ITA confirm a 
general downward trend in mean annual rainfall, a 
pattern that Vicente-Serrano et al. (2025) attribute to 
high interannual variability rather than to a robust long-
term trend across the Mediterranean. Through this large-
scale spatiotemporal study covering the Mediterranean 
region, the authors also recognize the possibility of 
observing trends at the local scale. The more significant 
decrease observed at the high-altitude station (S6) 
suggests that mountainous regions may be more 
sensitive to climate variability (Stefanidis & 
Chatzichristaki, 2017). This could result from complex 

interactions between topography and changes in 
atmospheric circulation patterns (Tramblay et al., 2012). 
Seasonal analysis reveals that the overall annual trend is 
related to a downward tendency in winter and spring 
rainfall. In addition, the observed upward trend in 
autumn confirms an intra-annual redistribution of 
precipitation. The results of the study conducted by 
Kassabi et al. (2022) in the neighboring Sebou basin 
corroborate our findings. 

While the MK and ITA methods show overall 
agreement in their results, their combination provides a 
more comprehensive understanding of rainfall dynamics. 
They cover different aspects of trends. The MK test, by 
its monotonic nature, treats the time series as a whole and 
ignores hidden trends within sub-categories, unlike the 
ITA method, which possesses this capability. Thus, the 
latter was able to highlight a reduction in low events, with 
a relative persistence or localized increase in high values. 
Consequently, rainfall patterns are becoming less 
predictable (Nadeem et al., 2025). Similar tendencies 
have been observed in other Mediterranean basins, where 
precipitation is increasingly erratic and characterized by 
more pronounced extremes (Bouizrou et al., 2022). 
Although the ITA method has graphical advantages, it 
still has certain limitations. The results are sensitive to 
highly subjective choices, especially for short series with 
outliers (Nayak & Villarini, 2016); indeed, dividing the 
time series into two sub-periods and sorting them 
independently does not allow for the full exploitation of 
the temporal continuity of the entire series. This approach 
focuses on changes in the intensity of the values in the 
two halves without taking into account their exact 
chronology. The dates associated with the events are lost 
in this analysis. Furthermore, it is noted in particular that 
the method is sensitive to the definition of the thresholds 
for the low, medium, and high categories, which can 
affect the interpretation, especially in the presence of 
outliers. Additionally, the absence of p-values associated 
with the graphical slope constitutes a shortcoming 
compared to the Mann–Kendall test with regard to the 
quantification of statistical significance. 

The alteration of rainfall patterns directly results 
in hydrological disturbances. In a semi-arid 
environment such as the Upper Oum Er-Rbia basin, 
water resources are highly dependent on seasonal 
rainfall. Reduced rainfall in winter and spring, key 
periods for groundwater recharge, affects aquifer 
renewal, leading to a gradual decline in piezometric 
levels (Tanarhte et al., 2024). This reduction also affects 
river flows and, consequently, inflows to dams, 
compromising water availability for agricultural, 
domestic, and industrial uses. In the long term, this 
dynamic exacerbates the imbalance between water 
supply and demand, increasing the vulnerability of 
ecosystems. These observations challenge traditional 
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models for mobilizing, planning, and managing water 
resources. They highlight the need to explicitly integrate 
climate variability and its associated uncertainties to 
develop more flexible and integrated management 
strategies. Such adaptive approaches appear essential to 
strengthening the resilience of hydrological systems to 
climate change. 

 
5. CONCLUSION 

 
The results of this work revealed a shift in the 

precipitation regime over the last five decades in the 
Upper Oum Er Rbia basin. Indeed, high variability was 
observed at both spatial and temporal levels. It confirms 
the fluctuating character of the semi-arid climate in 
Morocco. Moreover, the basin shows a predominance of 
prolonged periods of drought, with increased rainfall 
irregularity. Furthermore, the study highlighted a 
decrease in annual precipitation, with an intra-annual 
redistribution. While rainfall increases in autumn, it 
decreases in winter and spring, which explains the 
annual trend. The observed changes in precipitation 
patterns worsen the fragility of water resources in a 
Mediterranean environment, already characterized by 
critical climatic conditions. The combination of 
declining rainfall totals, increased unpredictability, and 
recurrent droughts directly threatens water supplies and 
ecosystem stability. These findings highlight the 
necessity of updating water management strategies to 
meet climate change challenges and strengthen 
adaptation measures and resilience. 
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