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In a context of increasing climate change, this study evaluates the impact of climate variability on water resources. To 

achieve this, it analyses annual inflows were analysed at 15 stations located upstream of dams in the Côtier (Coastal) 

Constantinois East and Medjerda-Mellègue watersheds between 1958 and 2024. Several statistical methods were 

employed, including Pettitt's breakpoint test, the Mann-Kendall trend test, Sen's slope, the Standardised Runoff Index 

(SRI) and Innovative Trend Analysis (ITA). The results reveal a significant and persistent decrease in annual inflows, 

with breaks in the data identified as early as the 1970s in the south and from the 1990s onwards in the north. Reductions 

observed range from 38% to 47% in the north, exceeding 70% in the south. The SRI index indicates a predominance of 

drought periods in the south, whereas the north experiences a more balanced cycle of wet and dry periods. The Mann–

Kendall test and Sen’s slope estimator consistently indicate significant decreasing trends in annual inflows at most 

stations. This is further supported by the Innovative Trend Analysis (ITA), which confirms a generalized decline across 

the study area. These results emphasise the clear impact of climate change on regional hydrological regimes and 

the necessity of adapting water resource management strategies.  
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Introduction 

 

Documentary investigations into climate studies carried 

out in Mediterranean countries indicate a general trend 

towards rising temperatures, decreasing precipitation, 

an increased frequency of extreme weather events and 

more severe hydrological droughts (Spinoni et al., 2020; 

Méndez et al., 2023). Algeria is considered to be one of 

the Mediterranean countries that is most vulnerable to 

the effects of climate change. Numerous studies have 

been conducted to characterise the variability of hydro-

climatic parameters at the national level based on in-

depth statistical analyses (Taibi et al., 2013; Khoualdia et 

al., 2014; Drouiche et al., 2019; Regad and Tatar, 2019; 

Hallouz et al., 2019; Benzater, 2021; Berhail and 

Katipoğlu, 2023; Merabti et al., 2023; Kabour and 

Chebbah, 2023;  2024). These studies reveal that signs of 

significant climate change began to appear as early as the 

1970s. In their study of rainfall patterns in northern 

Algeria between 1936 and 2009, Taibi (2013) observed 

a significant decline in precipitation from the mid-1970s 

onwards, particularly in the western part of the country, 

where the rainfall deficit was between 16% and 43%. 

Khoualdia (2014), in analysing climate variability in 

the Medjerda river basin in north-east Algeria, also notes 

a reduction in rainfall and an increase in temperatures 

over the periods 1913–1938 and 1969–2007. In their 

study of rainfall patterns in northern Algeria between 

1936 and 2009, Taibi (2013) observed a significant 

decline in precipitation, particularly in the western part 

of the country, from the mid-1970s onwards. Drouiche 

(2019) reports that the Mitidja basin in northern Algeria 

experienced a drought from 1973 to 2001, resulting in 

an annual decrease in rainfall of between 16% and 24%. 

Hallouz (2019) also observed a decrease in precipitation 

and river flow, alongside a significant increase in 

maximum and minimum temperatures, in north-western 

Algeria between 1979 and 2013. Furthermore, Haouari 

(2024) demonstrates that the 2014–2023 period was the 

warmest decade ever recorded nationally, with 

an average temperature increase of 0.63°C above 

the estimated annual climate normal of 19.37°C. 

The author points out that the north of the country, which 

has a Mediterranean climate, is experiencing more 

pronounced warming than the Saharan regions in 

the south. Khoualdia et al. (2014) also notes a reduction 

in rainfall and an increase in temperatures over 

the periods 1913–1938 and 1969–2007 when analysing 

climate variability in the Medjerda river basin in north-

east Algeria. In the face of intensifying climate change, 

the variability of water resources is a serious concern 

(Bendjema, 2020; Khedimallah, 2021; Adjissi et al., 
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2025). This directly affects the supply of water to 

strategic hydraulic infrastructure such as dams (Berhail 

Berhail and Katipoğlu, 2024), thereby compromising 

the sustainable management of water resources in 

watersheds.  

Building on previous research into the impacts of climate 

change, this study aims to characterise, analyse and 

quantify the effects of this phenomenon on the water 

supply to dams in two strategic watersheds in north-

eastern Algeria: the eastern Constantinois coastal basin 

and the Medjerda-Mellègue watershed. A statistical 

analysis covering the period from 1958 to 2024 was 

conducted to detect trends, quantify hydrological 

variations, and improve our understanding of how water 

resources respond to climate change. 

 

Materials and methods  

 

Presentation of the study area  

 

The study area consists of two neighbouring watersheds 

located in north-eastern Algeria, near the Algerian-

Tunisian border. It is part of hydrographic region (N°04): 

‘Constantinois-Sybouse-Mellègue’ (Fig. 1). These are 

the WS.03 (WaterShed) basin, known as ‘Côtier 

Constantinois Est’, and the WS.12 basin, called 

‘Medjerda-Mellégue’, named after the main wadis that 

cross it: the Medjerda wadi and the Mellégue wadi. These 

basins are bounded to the north by the Mediterranean 

Sea, to the south by Chott Melghir (06), to the east by 

the Tunisian border and to the west by the Seybouse 

basin (14) and the Constantinois Highlands (07).  

The Constantinois Coastal east Basin (WS 03) covers an 

area of 3203 km² between longitudes 8° 00' and 9° 60' E 

and latitudes 36° 40' and 37° 50' N. It is subdivided into 

four sub-basins: Oued Bounamoussa (code 03-15), Oued 

El-Kebir East (code 03-16), Oued Mafragh (code 03-17) 

and Côtiers La Calle (code 03-18). The Medjerda-

Mellègue watershed (WS 12) covers approximately 7877 

km² between meridians 7°40' and 8°50' E, and parallels 

35°30' and 36°40' N. It is divided into five sub-basins: 

the Oued Medjerda (code 12-01), the Oued Meskiana 

(code 12-02), the Oued Chabro (code 12-03), the Oued 

Mellègue Amont (code 12-04) and the Oued Mellègue 

Aval (code 12-05). These two basins are of the northern 

and exorheic type.They cover several wilayas, including 

Skikda, Annaba, El Tarf, Souk Ahras, Tébessa, 

Khenchela, Oum El Bouaghi and Guelma (Abdeddaim, 

2018). Surface water mobilisation in the study area relies 

on a series of hydraulic structures, primarily dams, which 

are located on the main wadis of the two catchment areas. 

Their locations and main characteristics are presented in 

Table 1 and (Fig. 1), based on data from the 'El Tarf–

Medjerda–Mellègue Water Transfer' project (hydrology 

section), which was carried out by the HPE (Hydro 

Projets Engineering) group. 

 

Data 

 

For this study, annual time series of inflows (in hm³) were 

used for the various dams located in the study area, as 

shown in Table 1 and (Fig. 1). These data were collected 

from fifteen stations (listed in Table 2) located upstream 

of the dams and distributed evenly throughout 

the relevant region, over the period from 1958 to 2024. 

The data were collected from several reliable sources, 

including the National Water Resources Agency 

(ANRH) in Algiers and Constantine, the technical 

documentation of the 'El Tarf-Medjerda Mellegue 

Transfer Study/Part 1: Hydrology' project and 

the  Northwest Knowledge Network website 

(https://climate.northwestknowledge.net/).   The   choice  

 

 

Fig. 1.  . Map showing the geographical location of the study area, the dams, and 

the observation stations.  

 

 

https://climate.northwestknowledge.net/
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Table 1.  Overview of dams located in the study area 

Watershed 

(WS) 
Dam name Affected wadis 

Controlled basin area 

[km²] 

Côtier 

Constantinois 

Est (WS.03) 

Cheffia 
O.Bounamoussa,O.El Kebir,O.Bouhdjar, 

O.Soudain 
575 

Mexa O.El Kebir Est 647 

Bougous O.Bougous 235 

Boukhroufa O.Boukhroufa 173.2 

Boulatane O.Boulatane 112 

Medjerda – 

Mellégue 

(WS.12) 

Ain Dalia O.Medjerda 175 

Djedra O.Djedra 119 

Ranem O.Ranem 191 

Ouldjet Mellegue 
O.Mellégue, O.Chabro, O.Ain Chabro, 

O.Ksob, O.Serdies, O.Fed Labba 
4350 

Chebabta O.Meskiana, O.Smar el houd, O.Melah 1326 

El K’seub 
O.El K’seub, O.El Heleiba, O.El Baiad, 

O.ElHarch, O.BouChekoua 
423 

 

 

Table 2.  Characteristics of used stations 

Watershed 

(WS) 
Station Type 

Code 

stations 
X Y 

Observation 

period 

inflows 

[hm³] 

Côtier 

Constantinois 

Est (WS.03) 

Cheffia Hydrometric 031501 8.03 36.62 1958–2024 126.51 

Bouhadjar Rain gauge 031503 8.10 36.50 1958–2024 42.99 

Ramel El Souk Rain gauge 031602 8.53 36.79 1958–2024 211.35 

Bougous Rain gauge 031603 8.45 36.67 1958–2024 133.57 

Ain Kerma Rain gauge 031604 8.19 36.59 1958–2024 49.47 

Bouteldja Rain gauge 031718 8.18 36.78 1958–2024 57.81 

Medjerda – 

Mellégue 

(WS.12) 

Ain Segniour Rain gauge 120103 7.87 36.32 1958–2024 55.49 

Ain Dalia Hydrometric 120114 7.78 36.24 1958–2024 25.4 

Ranem Hydrometric / 8.23 36.28 1958–2024 24.08 

Meskiana Rain gauge 120201 7.66 35.63 1958–2024 57.98 

Hamamet Rain gauge 120304 7.95 35.44 1958–2024 109.44 

Bekkaria Rain gauge 120307 8.23 35.37 1958–2024 90.41 

Ouldjet 

Mellegue 01 
Hydrometric 120309 7.98 35.68 1958–2024 34.23 

Ouldjet 

Mellegue 02 
Hydrometric 120404 7.87 35.89 1958–2024 71.66 

K'seub Rain gauge 120521 8.02 35.87 1958–2024 8.99 

 

 

 

of stations was primarily based on the availability of 

long, continuous series an essential requirement for 

consistent statistical evaluation. Five of the stations are 

hydrometric and have direct measurements of inflows; 

for the remaining ten stations, inflows were estimated 

indirectly from rainfall data using empirical formulas 

identified through extensive bibliographic research. In 

the absence of direct hydrometric measurements, 

estimates of inflows are often based on empirical 

formulas derived from the relationship between climatic 

or hydrological parameters and the volume of flowing. In 

Algeria, several equations of this type are commonly 

used to reconstruct runoff series, particularly when data 

is limited  (Kabouya, 1990; Meskine, 2009; Aouachria, 

2023).  

Methodology 

 

Data were sourced from hydrometric stations 

and rain gauges, with empirical formulas (Medinger's 

method) being used to estimate inflows 

where direct measurements were unavailable (Meskine, 

2009).  

This formula is the most frequently used in Algeria, 

particularly for small catchments, as it provides reliable 

estimates in contexts where data is limited. It is expressed 

as follows: 
 

𝐿𝑒 = 1.024 (𝑃 − 0.26)²                                                        (1) 
 

𝐴 = 𝐿𝑒. 𝑆 
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Le: water level [mm], 

P: average rainfall [m], 

A: average annual input in [hm³], 

S: catchment area in [km²]. 

 

Statistical analysis of hydro-climatic time series is 

a fundamental tool for studying climatic variability and 

detecting changes in hydrological regimes (Lubes-Niel et 

al., 1998; Kabour and Chebbah, 2023). From a statistical 

perspective, climate change can be identified when 

a significant shift occurs in the mean or variance of a time 

series at a particular time (Haidu, 2006). This study 

employed a multi-method statistical approach to evaluate 

the impact of climate change on inflows (measured in 

hm³) to dams within the Côtièr Constantinois Est and 

Medjerda-Mellègue catchments between 1958 and 2024. 

The Pettitt test (Pettitt, 1979) was used to detect 

breakpoints in the hydrological series (Boni et al., 2024; 

Boursali et al., 2025), revealing abrupt changes in inflow 

patterns. Trend analysis was conducted using the Mann–

Kendall test (Mann,1945; Kendall, 1975) and Sen's slope 

estimator (Sen, 1968; Fossou at al., 2014) to identify and 

quantify monotonic trends. Meanwhile, the Standardised 

Runoff Index (SRI) characterised wet and dry periods, 

providing insights into drought dynamics (Shukla and 

Wood, 2008; Wu et al., 2018). Additionally, Innovative 

Trend Analysis (ITA) was employed to visually assess 

trends by comparing sub-series (Şen, 2012; Alifujiang 

et al., 2020). 

 

Pettitt Test 

 

The Pettitt test is based on two hypotheses: data 

homogeneity (H₀) and the existence of a change point 

(H₁). If H₀ is rejected, this indicates a significant change 

occurring at a specific date (Merniz, 2021): 

 

𝑈𝑡, 𝑁 = ∑ ∑ 𝐷𝑗𝑖 𝑁
𝑗=𝑡+1

𝑡
𝑖=1                                     (2) 

 

with, i=1, N and with  j=t+1, N  

or 

𝐷𝑖𝑗 = 𝑠𝑔𝑛(𝑥𝑖 − 𝑥𝑗) 
with,                          sgn (z) = 1 si z > 0 

                                  sgn(z) = 0 si z=0 

                                  sgn(z) = -1 si z < 0 

 

with, (z=xi - xj). 

 

Standardized Runoff Index (SRI)  

 

Is a hydrological drought index whose principle is similar 

to that of the Standardized Precipitation Index (SPI) 

(Sediqi and Komori, 2024). It is computed using 

the following formula: 

 

𝑆𝑅𝐼 =  
𝑋𝑖−𝑋𝑗

𝜎
                                                                   (3) 

with, 

xi: represents the runoff for the period under 

consideration, 

xj:  is the mean of the series, 

𝜎:  is the standard deviation of the series. 

Man-Kendall test 

 

It is based on two hypotheses: the null hypothesis (H₀), 

which assumes the absence of a significant trend, and 

the alternative hypothesis (H₁), which suggests 

the existence of a significant trend, either increasing or 

decreasing (Ahmad et al., 2015). It is calculated as 

follows: 

 

𝑆 =  ∑ ∑ 𝑠𝑖𝑔𝑛 (𝑥𝑗  −  𝑥𝑖
𝑥
𝑗=𝑖+1

𝑥−1
𝑖=1 )                                         (4) 

 

and:  

𝑠𝑖𝑔𝑛 ( 𝑥𝑗 − 𝑥𝑖  ) =  {

 1  𝑖𝑓 ( 𝑥𝑗 − 𝑥𝑖  )  > 0 

0  𝑖𝑓  ( 𝑥𝑗 − 𝑥𝑖  )  = 0

−1  𝑖𝑓  ( 𝑥𝑗 − 𝑥𝑖  )  < 0

  

 

with: 𝑥𝑖 and 𝑥𝑗 are the observations at times i and j, 

respectively. 

The Z statistic is then calculated using S and the variance 

𝑉𝑎𝑟(𝑆).  

 

𝑉𝑎𝑟(𝑆) =  
𝑛(𝑛−1)(2𝑛+5)−∑ 𝑡𝑘 (𝑘−1)(2𝑘+5)

𝑛
𝑘=1

18
                                     (5) 

 

𝑍𝑀𝐾 = 

{
 
 

 
 

𝑆 − 1

√𝑉𝑎𝑟(𝑆)
  𝑖𝑓 𝑆 > 0

0         𝑖𝑓   𝑆 = 0
𝑆 + 1

√𝑉𝑎𝑟(𝑆)
  𝑖𝑓  𝑆 < 0

                                  

 

Results and discussion 

 

Table 2 shows data from 15 hydrological stations 

associated with dams and located across the two 

catchment areas within the study region (Fig. 1). 

The Côtier Constantinois Est basin (WS.03) has six 

stations and the Medjerda-Mellègue basin (WS.12) has 

nine stations. Inflows are estimated using Medinger's 

empirical formula or measured directly by 

the hydrometric stations. The average volumes recorded 

vary significantly from station to station. The stations 

with the highest average inflows are Ramel El Souk, 

Bougous and Cheffia, with volumes of 211.35 hm³, 

133.57 hm³ and 126.51 hm³ respectively. In contrast, 

stations such as K'seub (8.99 hm³) and Ramel 

(24.08 hm³) had much lower volumes. 

 

Pettitt test 

 

The Pettitt test (Table 3) was used to analyse the time 

series of annual inflows (1958–2024), revealing 

significant breaks in the majority of the studied stations. 

Analysis of the time series of annual inflows at stations 

in the WS.03 (Constantinois East Coastal watershed) 

revealed significant breaks (P-value ≤ 0,05) in 1987, 

1993 and 2006, respectively, at the Ramel El Souk, 

Bouteldja and Bougous stations. These were followed by 

a marked decrease in inflow volumes. Conversely, no 

breaks were detected (P-value > 0.05) in the time series 

at the Cheffia, Bouhadjar and Aïn Kerma. 
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Table 3.  Results of the Pettitt test applied to the annual series of inflows (1958–2024) 

Station Code Alpha P-value 
Break 

year 

Mean 

before 

BP 

Mean 

after 

BP 

Reduction 

rate  

[%] 

Cheffia 031501 0.05 0.66 / / / / 

Bouhadjar 031503 0.05 0.602 / 
/ 

 
/ / 

Ramel El Souk 031602 0.05 0.0118 1987 273.30 161.11 41.05 

Bougous 031603 0.05 0.0326 2006 152.80 81.24 46.83 

Ain Kerma 031604 0.05 0.4872 / 
/ 

 
/ / 

Bouteldja 031718 0.05 0.0142 1993 70.06 43.57 37.81 

Ain Segniour 120103 0.05 0.0094 2004 66.75 29.02 56.52 

Ain Dalia 120114 0.05 0.0006 1987 36.05 16.77 53.48 

Ranem / 0.05 0.008 1985 30.89 19.20 37.84 

Meskiana 120201 0.05 0.039 1977 89.68 44.49 50.39 

Hamamet 120304 0.05 0.0074 1977 228.99 58.57 74.42 

Bekkaria 120307 0.05 0.0066 1997 133.03 27.26 79.51 

Ouldjet Mellegue 

01 
120309 0.05 0.0001 1973 85.87 18.03 79.00 

Ouldjet Mellegue 

02 
120404 0.05 0.0034 1970 164.61 49.29 70.06 

K'seub 120521 0.05 0.0216 1973 25.87 3.69 85.74 

 

 

 

For the stations in WS.12 (the Medjerda-Méllegue 

watershed), all of the analysed stations show a significant 

break. The Ouldjet Mellegue 01 and 02 hydrometric 

stations, and the K'seub, Meskiana, and Hammamet 

rainfall stations all exhibited significant disruptions in 

the 1970, particularly in 1970, 1973, and 1977. 

Conversely, the Ranem and Aïn Dalia stations exhibited 

significant breaks in 1985 and 1987, respectively. 

A marked break was also observed in the estimated series 

of inflows from the Bekkaria station in 1997 and the Aïn 

Segniour station in 2004. 

 

Cartographic and quantitative analysis of the decrease 

in inflows 

 

Figure 2 shows a marked spatial variability of inflows in 

the WS.03 and WS.12 basins. Before the breakpoint, 

volumes ranged from 25.87 to 273.30 hm³, with higher 

values in the northeastern area and in the mountainous 

regions of the Medjerda basin. After the breakpoint, they 

dropped to 3.69–161.11 hm³, indicating a generalized 

decrease, more pronounced in the Medjerda basin 

(WS.12), particularly in its southern parts. 

The map (Fig. 03) illustrates this reduction in terms of 

the reduction rate, stations located in the north, such as 

Bougous, Bouteldja and Ramel El Souk, show moderate 

reductions of between 38% and 47%. In contrast, 

a significant reduction of over 70% is observed at dams 

located in the south of the Medjerda basin, notably at 

Hammamet (74.42%), Ouled Mellegue (70.06% and 

79.01%), Bekkaria (79.51%), and up to 85.73% at 

K'seub. 

Identifying hydrological crises and water surpluses 

using the SRI Index 

 

The SRI (Standardized Runoff Index) makes it possible 

to detect both hydrological crises (dry periods) and 

excess water (wet periods) based on standardized water 

inflows. Depending on the drought index category used, 

SRI values ≥0 indicate wet conditions; values between 

−0.99≤SRI<0 correspond to mild drought; values 

between −1.49≤SRI<−1.00 indicate moderate drought; 

values between −1.99≤SRI<−1.50 indicate severe 

drought, and SRI values ≤−2.0 indicate extreme 

drought (Soľáková et al., 2022; Rattayová et al., 2024). 

The graphs in Figure 4 show a clear alternation between 

dry and wet periods within the study area. In the Eastern 

Constantinois Coastal watershed, the stations generally 

experienced wet conditions during the early decades, 

particularly at Bouhadjar (1958–1965), Aïn Kerma 

(1958–1978), Ramel El Souk (1958–1987), and 

Bougous. The latter recorded a prolonged wet phase 

between 1971 and 1999, framed by two dry periods 

(1958–1970 and 2000–2024). In contrast, the Bouteldja 

station shows a gradual transition toward mild to 

moderate drought conditions over the period 1994–2024. 

A similar pattern is observed in the northern part of 

the Medjerda-Mellegue basin, particularly at Aïn Dalia, 

Aïn Segniour, and Ranem stations. Furthermore, the 

stations located in the southern parts of the study area, 

belonging to the Medjerda-Mellegue basin—such as 

Meskiana, K’seub, Hammamet, Bekkaria, as well as 

Ouldjet Mellegue 01 and 02–exhibit a prolonged 

drought period from the 1970s to 2024, reflecting a more  
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Fig. 2.  Spatial distribution of mean 

annual inflows before and after 

breakpoints (1958–2024). 

 

 

pronounced structural drought in this part of the basin. 

The analysis of hydrological condition frequencies based 

on the SRI index reveals a widespread predominance of 

mild drought conditions across all stations in the two 

studied basins (Fig. 5). In the eastern coastal 

Constantinois basin, wet periods remain relatively 

moderate (36% to 45%), while mild drought conditions 

dominate (43% to 60%), with limited but noticeable 

occurrences of moderate drought (1% to 12%). In 

contrast, the Medjerda basin exhibits a more critical 

situation, characterized by a low proportion of wet 

periods (21% to 43%) and a strong dominance of dry 

conditions, reaching up to 79%, particularly at 

the Meskiana, Hamamet, Bekkaria, and K’seub stations. 

These results indicate an intensification of hydrological 

deficit in this basin, reflecting a higher hydrological 

vulnerability compared to the eastern coastal 

Constantinois basin. 

 

Man-Kendall test  

 

The application of the non-parametric Mann-Kendall test 

to the annual series of inflows (1958–2024) revealed 

a decreasing trend (Z<0) across the entire study area 

(Table 4). Nine stations, namely: Ramel El Souk, 

Bougous, Ain Segniour, Hammamet, Bekkaria, K'seub, 

Bouteldja, Ain Dalia and Ramel. These stations show 

a significant decreasing trend (Z<0 and p<0.05). 

The results  obtained  from  the Sen slope  were  used  to  

 
Fig. 3.  Spatial distribution map 

showing the reduction rates of inflow at 

dams in the study area between 1958 and 

2024. 

 

quantify the annual trend in inflows to the dams in 

the two basins within the study area. Analysis revealed 

a negative slope at all stations, with significant drops 

at most of them and annual losses of up to -2.035 

hm³ year-1 (Ramel El Souk station). These results 

indicate a marked downward trend, which is confirmed 

by the significant results of the Mann–Kendall test. 

 

Innovative trend analysis (ITA)  

 

The results of the Innovative Trend Analysis (ITA) of 

the water inflow series, presented in Fig. 6, show that 

the majority of the stations exhibit a decreasing trend, 

characterized by a concentration of data points below 

the 1:1 line. In the East Constantine Coastal watershed, 

the Aïn Kerma station shows data points generally 

concentrated around the 1:1 line, indicating the absence 

of a significant trend. The Bougous station presents 

a similar configuration, with a slight displacement of 

points below the reference line, suggesting a weak 

decreasing trend. The Bouteldja and Ramel El Souk 

stations exhibit a more pronounced negative trend, with 

a progressive change in intensity ranging from low to 

moderate for Bouteldja and from low to high for Ramel 

El Souk. The Cheffia and Bouhadjar stations also display 

a decreasing trend in water inflows, despite the presence 

of a few points above the 1:1 line, indicating slight 

increases in high-flow values. In the Medjerda–Mellegue 

watershed,  all  stations  exhibit  a significant  decreasing  
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Fig. 4.  Diagrams of the temporal distribution of the SRI for the annual series of 

inflows (1958–2024). 

 

 

 

 

 

 
Fig. 5.  Graphs of the frequencies of dry and wet periods detected by the SRI index 

(1958–2024). 

 

 

trend in water inflows. Most of the data points are 

distributed below the 1:1 line, reflecting a generalized 

decline in inflow volumes. The change in direction 

observed in several graphs indicates a progressive 

intensification of the negative trend, generally ranging 

from low to moderate intensity. 
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Table 4.  Results of the Mann-Kendall test applied to the annual series of inflows  

(1958–2024), (*): Significant trend 

Station Code Z P-value Alpha (α) Sen's slope Trend 

Cheffia 31501 -1.07 0.284 0.05 -0.596 Negative 

Bouhadjar 31503 -0.32 0.745 0.05 -0.068 Negative 

Ramel El Souk 31602 -2.11 0.035 0.05 -2.035 Negative* 

Bougous 31603 -2.01 0.044 0.05 -0.792 Negative* 

Ain Kerma 31604 -1.02 0.309 0.05 -0.227 Negative 

Bouteldja 31718 -1.96 0.050 0.05 -0.401 Negative* 

Ain Segniour 120103 -2.26 0.024 0.05 -0.463 Negative* 

Ain Dalia 120114 -3.84 0.000 0.05 -0.361 Negative* 

Ranem / -2.47 0.014 0.05 -0.234 Negative* 

Meskiana 120201 -1.15 0.251 0.05 -0.050 Negative 

Hamamet 120304 -2.5 0.012 0.05 -0.652 Negative* 

Bekkaria 120307 -3.27 0.001 0.05 -0.825 Negative* 

Ouldjet Mellegue 01 120309 -0.83 0.408 0.05 -0.108 Negative 

Ouldjet Mellegue 02 120404 -1.61 0.107 0.05 -0.445 Negative 

K'seub 120521 -2.63 0.009 0.05 -0.050 Negative* 
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Fig. 6.  Graphs illustrating the application of Innovative Trend Analysis (ITA) 

to the annual series of inflows (1958–2024). 

 

 

Conclusion 

 
The analysis of annual inflow series (1958–2024) from 

15 stations located upstream of dams within the Eastern 

Constantinois Coastal and Medjerda-Mellegue basins 

revealed a significant and structural decline in water 

resources. The Pettitt test identified statistically 

significant change points in most stations, occurring 

earlier in the southern part of the study area (from 

the 1970) and later in the northern part (mainly from 

the 1990). These breakpoints were followed by 

substantial reductions in inflow volumes, with moderate 

decreases in the northern stations (38–47%) and much 

stronger declines in the southern, sometimes exceeding 

70%. 

The results of the SRI analysis reveal a clear spatial 

contrast in hydrological drought conditions across 

the study area. The northern sector of the Eastern 

Constantinois Coastal basin exhibits a relatively balanced 

alternation between wet and dry periods, whereas 

the southern and southeastern parts of the Medjerda-

Mellegue basin are dominated by persistent drought 

conditions, with dry periods reaching up to 79% of 

the observation period. These findings indicate that 

the southern sub-basins, particularly the stations of 

Meskiana, K’seub, Hammamet, Bekkaria, and Ouldjet 

Mellegue, represent the most vulnerable areas and are 

the most exposed to the impacts of climate change. 

The Mann–Kendall test reveals significant decreasing 

trends in the majority of the analyzed stations. 

The magnitude of this decline, estimated using Sen’s 

slope, ranges from −2.035 to −0.050 Mm³ year-1, 

indicating a heterogeneous but overall marked reduction 

in inflows. The Innovative Trend Analysis (ITA) method 

confirms this pattern, showing a predominance of 

negative trends across all-time series. 

Overall, the combined application of different statistical 

methods highlights a widespread degradation in water 

resource availability across the studied basins. 

The results indicate a persistent decrease in hydrological 

inflows throughout the study area, with a more 

pronounced intensity in the southern part. This spatial 

variability suggests a higher sensitivity of the southern 

sectors to the impacts of climate change. These findings 

underscore the growing vulnerability of the Medjerda–

Mellègue basin and emphasize the urgent need to 

implement adaptation strategies and sustainable water 

resource management practices in order to mitigate 

future hydrological stresses in northeastern Algeria. 
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