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 ABS TRACT  

This study evaluates climate change impacts on river flows in northeastern Algeria using 
statistical analyses of hydrological data (1958–2023) from the Medjerda and Côtier 
Constantinois East catchments. Applying the Mann-Kendall test, Sen's slope estimator, and 
homogeneity analysis to monthly streamflow data revealed significant declining trends 
(34–68%) following hydrological breakpoints (2006–2015). The Standardized Streamflow 
Index (SSI) indicated persistent mild drought conditions, occurring during 58–68% of the 
study period. These findings demonstrate substantial reductions in water availability 
across all three monitored stations (Kébir: -68.4%; Medjerda: -34.6%; Mellegue: -65.6%), 
highlighting increasing hydrological stress in Mediterranean catchments under climate 
change. The results provide critical insights for water resource management in semi-arid 
regions facing similar climatic challenges. 
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INTRODUCTION 
 

Climate change is a major challenge for modern hydrology, 
affecting river flow regimes at the catchment scale. Changes 
in temperature and precipitation significantly alter the 
hydrological cycle, affecting both the quantity and quality of 
available water resources [1]. Runoff is the part of 
precipitation that leaves the surface of the ground and ends 
up in rivers and streams. Climate change is causing changes 
in rainfall patterns, which are becoming more intense and 
interspersed with longer periods of drought. These changes 
can radically alter the characteristics of runoff in the 
catchment. A number of studies have been carried out on the 
effects of climate change on the various elements of the water 
balance, such as temperature [2], precipitation [3], and  flow 
rates [4-6]. A number of studies have used a variety of 
statistical methods, such as classical analysis [7-9], or 
regression and time series analysis to quantify these changes 
and understand their implications. [10]. The integration of 
machine learning methods is helping to improve adaptation 
by providing advanced analytical tools for modelling 
catchment responses to climate perturbations. Analysis of 
remote sensing data also shows that urbanisation and human 
activities are exacerbating river flow variability by altering 
natural interception regimes and land use. A multi-scalar and 
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multi-disciplinary approach are therefore essential for 
effective and sustainable management of water resources in 
an era of climate change [11-13]. Climate change has had a 
significant impact on river flows in north-eastern Algeria 
[14]. Our findings align with [14, 18] in Algeria but contrast 
with [20], where larger basins showed dampened variability, 
underscoring regional heterogeneity Studies of various river 
basins, such as the Sebaou, Isser and Tafna, show a steady 
downward trend in river flows due to climate change [15, 16]. 
Projections suggest a reduction in rainfall, combined with a 
rise in temperatures, leading to a reduction in water 
resources and flow rates [17, 18]. Similarly, the sensitivity of 
the basins to climate change, with rising temperatures and 
decreasing rainfall, points to a hotter and drier future. These 
results underline the urgent need to adopt adaptive water 
resource management strategies to cope with the continuing 
effects of climate change, these results urge adaptive 
strategies (e.g., reservoir management) for northeast 
Algeria’s increasing drought frequency  [19]. Climatic 
variations and human activities have contributed to the 
decline of the Sebaou catchment area in northern Algeria, as 
shown by the analysis of hydrometeorological data, which 
show significant downward trends in streamflow [14]. 
Catchment runoff is the result of the interaction of several 
climatic parameters, mainly rainfall and temperature, as well 
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as vegetation cover, slope, soil type, length of the valley floor 
and the shape of the catchment (endoreic or exoreic); this 
combination is carried out according to a rather complex 
natural model [20]. Certain indices are also used to describe 
the severity of climatic drought [21], especially in terms of 
flow, using the standardised streamflow index (SSI), 
according to a table ranking the value of the SSI [22-24]. In 
this work, we have chosen to apply statistical tests (Mann-
Kendall, Pettitt, homogeneity) to the flow series (66 years) of 
three gauging stations located at the outlets of the three main 
wadis: Oued Kébir, Oued Medjerda and Oued Mellegue, 
located in the Côtier Constantinois East and Medjerda basins 
respectively. The role of these tests is to determine the impact 
of climate change on the flow series, through the presence of 
breakpoints, and to calculate the percentage variation in the 
future trend, whether positive or negative. The Standardised 
Streamflow Index (SSI) is also calculated to estimate the 
magnitude of the impact of climate change on flows over time, 
relative to the standard scale of values established for this 
purpose. Future work could integrate SPI/SPEI to disentangle 
precipitation-driven droughts from temperature effects, as in 
[21, 23]. 
 

MATERIALS AND METHODS 
 

Study Site and Data Presentation 
 

The Medjerda (WS10) and Côtier Constantinois East (WS03) 
catchments, located in northeastern Algeria on the Tunisian 
border, cover 7,877 km² [25]  [ and 2,848 km² [26, 27], 
respectively. These semi-arid Mediterranean regions 
experience seasonal rainfall (419–832 mm/year) and 
temperatures (16–18°C). The transboundary Medjerda Basin 
spans Algeria and Tunisia, while the Côtier Constantinois 
East, with its steep gradients and ephemeral wadis, is highly 
sensitive to climate variability. 

The selected monitoring sites are located in the study 
catchments, at the outlets of the largest wadis: point 1 on the 

Kebir Wadi, point 2 on the Medjerda Wadi and point 3 on the 
Mellegue Wadi (Figure 1, Table 1). These wadis are 39 km 
long for the first [26], 130 km long for the second and 308 km 
long for the third  [28]. 

The selected points receive water from several 
interconnected wadis as follows (Figure 1):  

Point 1 receives flow from over 10 tributaries, including W. 
Bounamoussa, W. Kebir East, W. Bou Ajallab, W. Boulatane, 
W. Guerguour, W. Zitouna, W. Soudan, W. El Kebir, W. 
Kemouna Zeid, and W. Bougous. 

Point 2 is fed by the W. Medjerda and its major tributaries, 
including W. Asnam, W. El Brous, W. Mjentel and W. El 
Nouara. 

Point 3 receives flow from the W. Mellegue and over 15 
tributaries, such as W. Meksouba, W. El Besbes, W. El Harcha, 
W. Bousbaa, W. Merah el Bel, W. Kebarit, W. Guetara, W. 
Meskiana, W. Smers El Eoud, W. Ksab, W. Sedrias, W. Ain 
Chabro, W. Fed Labba, W. Ahmed Ben Mohamed, W. Guergoub 
El Mellah and W. Djema Djellel. 

The data used in this paper consists of a 66-year streamflow 
series for each point (Daily streamflow), covering the period 
from 1958 to 2023. They were sourced from 
ClimateToolbox’s website: 
https://climatetoolbox.org/tool/data-download, aggregated 
to monthly means. 

Table 2 provides descriptive statistics to highlight the inter-
annual mean values for streamflow and temperature, which 
range from 16.35°C to 18.15°C, and the inter-annual mean 
values for annual precipitation totals, which range from 
419.90 mm to 832.13 mm. The maximum and minimum 
discharge values in each series are also presented, with 
values ranging from 0.000001239 m³/s to 0.00460 m³/s. The 
standard deviations of the mean annual flows are also 
calculated and range from 0.00000300 to 0.0000118, 
allowing the dispersion of the data sample with respect to its 
mean to be quantified. 

 

Table 1. Measuring points presentation (WS: Watershed, SbC: Subcatchment) 

Measuring points WS X Y Elevation (m) SbC Gauged Wadis 

Point 1 03 7º57’10.04’’E 36º50’32,17’’N 656 

0315 

0316 

0317 

W. Kébir 

and its tributaries 

Point 2 12 8º24’25.15’’E 36º24’48.61’’E 264 1201 
W. Medjerda 

and its tributaries 

Point 3 12 8º17’23.49’’E 35º57’28.23’’E 673 

1202 

1203 

1204 

1205 

W. Mellegue 

and its tributaries 

 

 

Table 2. Descriptive statistics of the data used 

Measuring 
point 

Series of 
measurements 

Pmean 

(mm) 

Tmean 

(ºC) 

Qmean 

(m3/s) 

Qmax 

(m3/s) 

Qmin 

(m3/s) 

Standard 
deviation 

Point 1 1958-2023 832,13 18,06 0,00001501 0,00006140 0,000002584 0,0000118 

Point 2 1958-2023 796,09 16,35 0,000006420 0,000025122 0,000001239 0,000005184 

Point 3 1958-2023 419,90 18,15 0,00000455 0,00001926 0,00000226 0,00000300 
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Figure 1. Location of the Medjerda, Côtier Constantinois East 
catchments and monitoring sites 
 
Methodology 
 

The methodology employed in this study integrates rigorous 
statistical approaches to analyze hydrological changes in 
northeastern Algerian catchments. For the Medjerda (7,877 
km²) and Côtier Constantinois East (2,848 km²) basins, we 
collected 66 years (1958-2023) of daily streamflow data from 
three key gauging stations, obtained from ClimateToolbox's 
verified hydrological database. After quality control 

procedures, we applied a suite of statistical analyses. The 
Mann-Kendall test (implemented in XLSTAT), was chosen for 
its robustness, served as our primary trend detection tool, 
evaluating both the direction (through Kendall's τ coefficient) 
and significance (Z-score at 95% confidence level) of 
hydrological changes. We complemented this with Sen's slope 
estimator to quantify trend magnitudes in m³/s/year, 
calculated as the median of all pairwise slopes. Breakpoint 
detection utilized the Pettitt test, identifying significant 
regime shifts when the K statistic exceeded p<0.05 
thresholds. Homogeneity was verified through SNHT and 
Buishand tests to ensure data stationarity. For drought 
characterization, we computed the Standardized Streamflow 
Index (SSI) using a 12-month moving window, normalizing 
flows by their long-term means and standard deviations. This 
multi-method approach provided cross-validation, with MK 
trends verified against Sen's slopes, Pettitt breakpoints 
compared against U-statistic plots. The Standardized 
Streamflow Index (SSI) complements these by characterizing 
drought severity, providing a holistic view of hydrological 
changes under climate variability. Together, these methods 
address trend detection, magnitude estimation, breakpoint 
analysis, and drought assessment, ensuring comprehensive 
hydrological evaluation. While comprehensive, we 
acknowledge limitations including the inability to fully 
separate climate and anthropogenic influences, and the 
potential smoothing effects of monthly data aggregation on 
extreme flow events. The integrated methodology offers a 
robust framework for assessing climate impacts on 
Mediterranean catchments, balancing statistical rigor with 
practical hydrological applications. 
 

RESULTS AND DISCUSSION 
 

Statistical analysis of hydrometeorological time series is one 
of the tools used to identify climate variability. This analysis 
mostly consists of the implementation and interpretation of 
these tools. There are several statistical tests available for the 
analysis of time series. We have selected four, whose results 
and interpretations correspond to our objectives. 
 

Applying Statistical Tests 
 

The Mann-Kendall test was chosen for its robustness in 
detecting monotonic trends in hydroclimatic data [29, 33, 34], 
while the Pettitt test identifies abrupt changes [31–33]. The 
Sen slope quantifies trend magnitude [29, 30], and 
homogeneity tests ensure data consistency [9, 39, 40]. 
 

Interpreting Statistical Test Results 
 

Statistical methods are often applied to time series data to 
identify anomalies that are interpreted as climatic changes or, 
more commonly, breaks. This approach was applied to the 
three selected sites in the eastern coastal catchments of 
Côtier Constantinois East and Medjerda. Since the calculated 
p-value is above the significance level α = 0.05, the null 
hypothesis H₀ cannot be rejected at the 99% confidence level. 
The results are presented in Table 3 and the graphs in Figure 
2. 

In Table 2 we see that the Pettitt test indicates the presence 
of a breakpoint year for each series tested: 2006 for the first 
point, 2015 for the second point and 2011 for the third point. 
The calculation of the breakpoint allowed us to determine the 
rate of reduction of the discharge values for each point: 
68.37% for point 1, 34.57% for point 2 and 65.56% for point 
3, corresponding to 0.00038937 m³/s, 0.00000456 m³/s and 



761 Environ Res Tec, Vol. 9, Issue 4, pp. 758-765, August 2026 
 

 

0.00000167 m³/s respectively (Table 3). Although these 
values are low, they represent significant rates in relation to 
the series. Application of the Mann-Kendall test yielded 
Kendall Z, all of which are less than -1.96 (Table 3). This 
indicates the presence of a significant negative trend 
(downward trend), which is confirmed by a P value of less 
than 0.05 [29]. It can also be used to compare the value of p 
with that of α, where p < α [30, 31]. This confirms the 
presence of a break year for all the series examined. The 
percentage reduction in annual flows can be estimated by 
calculating the mean values of the series before and after the 
break.  

The Sen's slope test revealed significant declines in flow rate 
(−3.94E−07 to −6.78E−09 m³/s/year) for all three series, 
with negative values confirming a downward trend (Table 3) 
[29]. 

The graphical representation of the variable U from the Pettitt 
test (Figure 2) allows us to make two striking observations: 
first, the presence of four distinct trends on the graph for each 
point: an initial increasing trend (weak slope of short 
duration) from 1958 to 1974 at point 1, for the other points it 
ends in 1973; second, the presence of a probable break point 
(secondary) in 1973 for all points. A second downward trend 
(steep slope of short duration) is observed from 1974 to 1980 
for all points. A third upward trend (long-term average slope) 
is observed from 1980 to 2008 for all points, followed by a 
fourth downward trend (short-term steep slope) from 2008 
to 2023 for all points. 
 

Standardized Streamflow Index (SSI) 
 

The Standard Streamflow Index (SSI or SSFI) was introduced 
by McKee (1993) for the analysis of meteorological drought. 
It is based on a scale of values corresponding to each degree 
of wetness or dryness [32] (Table 4). It is statistically similar 
to the Standardised Precipitation Index (SPI), which is widely 
used to assess the impact of climate change on the temporal 
variation of precipitation. The SSI for a given series is defined 
as the difference between the runoff and the mean runoff 
divided by the standard deviation. It can also be used to 
identify significant changes in the index, which can be used to 
analyse the impact of specific climatic or hydrological events 
on runoff [24, 33-35].  

The results of applying the SSI to the three-streamflow series 
of the Mellah, Mellegue and Medjerda wadis for the period 
1958-2023 are shown in Table 4 and Figure 3. The degree of 
extreme and severe drought is equal to 0%, while mild 
drought, ranging from 0 to -1, is the most widespread. It is 
present for 58% (38/66 years) at point 1, 61% (40/66 years) 
at point 2 and 68% (45/66 years) at point 3. 

In second place is the class 0 to 1, interpreted as low humidity, 
with 21% at point 1 and points 2 and 3, and 24% at point 2.  

The graphs in Figure 3 show the variation of the Standardised 
Stream Index (SSI) over the period 1958 to 2022. They show 
large variations in river flow over time. They show alternating 
periods of drought and flooding, with an apparent negative 
trend towards an increase in hydrological extremes in recent 
decades. We also note that: 

→ For point 1, a remarkable value of 3.931 is recorded in 
1984, indicating an event with relatively high flows. The 
dry periods range from 1960-63, 1974-80, 1992-95 and 
2016-23, with a single wet period between 2003 and 
2006. The rest is irregular, with peaks and troughs, 
suggesting periods of low flow. 

→ For point 2, the years 1958-1980 show numerous periods 
of drought (negative SSI). After 1980, there was an 
increase in floods (positive SSI), with notable peaks in the 
early 2000s. These peaks are particularly visible in 1973, 
1984 and especially in 2003 (when the SSI exceeded 3). 
Recurrent droughts are observed after 2010 and seem to 
be more frequent and longer after 2016. 

→ For point 3, notable flood peaks occur in particular in 
1973, 1984 and 2003, with an SSI greater than 5, 
indicating a very exceptional flood event. Periods with a 
negative SSI are quite frequent, especially since 1974. 
After 2010, the frequency and intensity of droughts 
appear to be increasing, although the intensity remains 
below -1. Before 1980, droughts were present but less 
pronounced than after 1980. The frequency of droughts 
after 2010 could reflect climate change or changes in the 
use of water resources. 

 

 

Table 3. Results of applying statistical methods 

Measurement point  Point 1 Point 2 Point 3 

Year of rupture (BP)  2006 2015 2011 

Mann-Kendall test 

Kendall rate 

Z 

S 

P-value 

Alpha 

-0,07319 

-157 

32651,667 

0,388 

0,05 

-0,112 

-240 

32650,667 

0,186 

0,05 

-0,071 

-151 

32641 

0,406 

0,05 

Pettitt test 

Q (m3/s) 

K 

p-value 

267 

0,735 

292 

0,519 

229 

0,910 

Sen's slope test  

mm/year 
 -3,94E-07 -2,43E-08 -6,78E-09 

Mean Before BP  0,001231 6,97E-06 4,85E-06 

Mean after BP  0,000842 2,41E-06 3,18E-06 

Reduction rate 
% 68,37 34,57 65,56 

m3/s 0,00038937 0,00000456 0,00000167 
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Figure 2. Temporal evolution of the flows, the Pettitt variable and determination of the breakpoint in the series by analysing 
its homogeneity 
 

Table 4. SSI application results 

Class 
Number of years 

Degree of humidity or drought 
Point 1 Point 2 Point 3 

> = 2 3 5% 3 5% 3 5% Extreme humidity 

1,5 à 2 1 2% 1 2% 2 3% High humidity 

1 à 1,5 6 9% 6 9% 2 3% Moderate humidity 

0 à 1 14 21% 16 24% 14 21% Light humidity 

0 0 0% 0 0% 0 0% Normal 

De 0 à -1 38 58% 40 61% 45 68% Light drought 

De -1 à -1,5   4 6% 0 0% 0 0% Moderate drought 

De -1,5 à 2 0 0% 0 0% 0 0% Severe drought 

< = -2 0 0% 0 0% 0 0% Extreme drought 

Total number 66 100% 66  66   
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Figure 3. Standardized Streamflow Index (SSI) plots 
 

CONCLUSIONS 
 

An analysis of the impact of climate change on the flow of the 
Oued Kébir and its tributaries, the Oued Medjerda and its 
tributaries, and the Oued Mellegue and its tributaries, which 
flow into the Medjerda (WS10) and Côtier Constantinois East 
(WS03) catchments, was carried out using statistical 
approaches over the period 1958-2023, i.e. 66 years. This 
analysis revealed anomalies in the discharge series. The 
Mann-Kendall (MK) test, the Pettitt test and the hydrogenite 
test were used to identify breakpoints in the flow series for all 
points measured in these catchments. The breakpoint for 
point 1 was identified in 2006, the second for point 2 in 2015 
and for point 3 in 2011. The rate of flow reduction varies 
between 34% at point 2 and 68% at point 1. The application 
of the Standardised Streamflow Index (SSI) shows a 
predominance of mild drought, ranging from 0 to -1, with 
58% for point 1, 61% for point 2 and 68% for point 3. It also 
shows a marked hydrological variability, with alternating 
periods of flood and drought. However, after 1980, droughts 
became more frequent, especially after 2010, with negative 
SSIs indicating flow deficits. This trend towards more 
frequent droughts could be attributed to climatic factors or to 
changes in water resource management. The observed 
decline in rainfall (34–68%) and the frequency of droughts 
highlight the need for adaptive strategies, such as reservoir 
management and drought contingency plans. Incorporating 
SPI/SPEI into future studies could help to further clarify the 
role of climatic drivers, thereby supporting policy decisions 
in semi-arid regions. 
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