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Drought is a persistent challenge in Mediterranean regions, particularly in Algeria, which has endured several intense 

drought episodes over recent decades. These events have significantly affected both the environment and the country's 

economy. This study focuses on analyzing drought patterns across space and time within the Macta watershed. First, we 

identified the most homogeneous observation period (1969–2011) by applying homogeneity tests to data from 42 rainfall 

stations. This allowed for a consistent assessment of drought evolution using the 12-month Standardized Precipitation 

Index (SPI-12). The analysis revealed that the most significant drought events occurred between 1980 and 1990 and 

persisted into the mid-2000s. Dry episodes peaked in 1981, when 31 stations reported severe drought conditions. Other 

notable years include 1992, 1999, 1996, 1988, 1998, 1983, 1989, and 1993. Overall, droughts in the 1980s were more 

intense than those in the 1990s. In the 21st century, two major droughts were identified in 2004 and 2007, as evidenced 

by the spatial distribution of severity levels.  
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Introduction 

 

Drought is one of the most complex, harmful, and least 

understood climatic events, affecting the world with 

serious consequences on nature and human life (Wilhite, 

2020; Dai, 2013; Pavelková et al., 2023). It is a slow-

onset natural hazard with effects that accumulate over 

a considerable period (Zeroual et al., 2017). This 

insidious natural hazard may result in significant water 

shortages that affect agricultural systems, ecosystems, 

and urban water supplies (Spinoni et al., 2014). 

Drought is defined as a temporary natural imbalance in 

water availability and consists of persistent, below-

normal precipitation that is difficult to predict. Drought 

affects more people than any other disaster, making it 

the costliest natural phenomenon (Keyantash and 

Dracup, 2002). 

As one of the greatest environmental challenges of our 

time, climate drought is caused by a lack of precipitation 

that develops into a meteorological, agricultural and 

hydrological drought over time (Mishra and Singh, 2010; 

Oliveira et al., 2023). A meteorological drought occurs 

due to a lack of precipitation, leading to a drop in soil 

moisture content if it continues. This will affect plant 

growth and lead to an agricultural drought (Sun et al., 

2023). If such drought conditions continue, river runoff 

will decrease, leading to water shortages in cities and 

hydrological droughts (Park et al., 2020). Reduced runoff 

due to drought leads to restrictions on water use, and 

simultaneously causes significant damage to the aquatic 

ecosystem and the environment due to reduced water 

flow into reservoirs and diminished wetlands. Drought is 

the origin of reduced water and air quality, forest fires, 

land degradation, and reduced agricultural production 

(Vicente-Serrano et al., 2020). This situation can lead to 

water conflicts and people migration to more suitable 

areas. Therefore, drought monitoring and evaluation are 

essential to prevent and minimize its impact. 

In recent decades, drought events have increased in 

frequency and intensity in several regions of the planet, 

especially in North Africa, one of the world’s most water-

scarce regions (Tanarhte et al., 2024), causing significant 

losses in agricultural production and affecting various 

aspects of life, including economic output and 

demography. This region is likely to suffer the most 

devastating effects of climatic changes due to its 

geographical location, low institutional capacity to adapt 

to rapid environmental changes, low-income population, 

heavy reliance on climate-sensitive sectors, poor water 

resource management, and inadequate government 

mechanisms (IPCC, 2014a; b; Hamad et al., 2018). 

Climate change in North Africa threatens the region's 

socio-economic development and population (Schilling 

et al., 2020). The severity of climate change impacts in 

North African countries is closely linked to the region's 

unique geographic and ecological characteristics. 

The area's biophysical features, socioeconomic 

challenges, and technological underdevelopment are key 

https://www.sciencedirect.com/science/article/pii/S002216942200498X#b0275
https://www.sciencedirect.com/science/article/pii/S002216942200498X#b0275
https://www.sciencedirect.com/science/article/pii/S016980952300529X#bb0205
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drivers of its heightened vulnerability to climate change 

(World Bank, 2014). Covering approximately 5 million 

km², more than 90% of North Africa's land is classified 

as desert. The region's climate shows stark contrasts 

between coastal and inland areas. Coastal zones 

experience a Mediterranean climate, with moderate 

rainfall ranging from 400 to 600 mm annually, mild, wet 

winters, and warm, dry summers. In contrast, inland areas 

are dominated by semi-arid and arid desert climates, 

marked by extreme temperatures: summer highs reaching 

up to 50°C, winter lows dropping to -5°C and minimal 

precipitation: around 200 to 400 mm annually in semi-

arid zones and under 100 mm in desert regions (Taibi et 

al., 2017). North Africa is vulnerable to climate change 

impacts, particularly the Mediterranean regions, which 

have been identified as the "hot spot for climate change" 

(Giorgi and Lionello, 2008). Drought assessment 

involves various variables, such as temperature, wind, 

and relative humidity; however, the key factor is 

the difference between current precipitation levels and 

normal conditions.  

Several drought monitoring techniques have been 

developed, such as drought indices which are useful tools 

for monitoring and assessing different drought types 

(meteorological, agricultural, and hydrological drought). 

They facilitate communication of climate anomalies to 

various audiences. Depending on various variables, 

numerous indices have been developed to identify and 

quantify drought events, including the Palmer Drought 

Severity Index (PDSI) (Palmer, 1965, 1968), 

the Standardized Precipitation Index (SPI) (McKee et al., 

1993, 1995), the Standardized Precipitation 

Evapotranspiration Index (SPEI) (Vicente-Serrano et al. 

2010), and the Surface Water Supply Index (SWSI) 

(Shafer and Dezman, 1982).  

Meteorological drought is defined as a temporary period 

of lower-than-average precipitation, resulting in 

diminished water resource availability and reduced 

carrying capacity of the ecosystems. It impacts economic 

activities, human lives, and the environment (Tabari et 

al., 2012; Bayissa et al., 2015). Recognized by the World 

Meteorological Organization (WMO) as the best 

meteorological drought index, the SPI is also the most 

widely used and considered one of the most robust and 

effective indices for analyzing this type of drought, due 

to its simplicity and effectiveness in analyzing both wet 

and dry periods based on precipitation (Espinosa et al., 

2019). Furthermore, it can also be calculated for a variety 

of time scales, allowing the analysis of different drought 

categories (Espinosa et al., 2019). Additionally, the SPI's 

probabilistic nature makes it ideal for drought risk 

analysis (Merabti et al., 2018). Considering all of this, 

the SPI has been extensively applied in different 

countries. In Europe, countries like Spain and Italy have 

used the SPI to manage water resources and mitigate 

drought impacts (Vicente-Serrano et al., 2010; Hayes, 

2011; Spinoni et al., 2015; Lorenzo et al., 2024). SPI was 

used for regional drought evaluation in the United States 

(McKee et al., 1993; Logan et al., 2010). In South 

America, Brazil used SPI to analyze droughts in the semi-

arid northeastern region (Cunha et al. 2019; Oliveira et 

al. 2023). SPI was used in Asia by China and India for 

drought monitoring (Zhang et al., 2012; Ghosh et al., 

2019). In south Asia, SPI was used for meteorological 

drought forecasting for the north-western part of 

Bangladesh (Awal and Mamun, 2023). In African 

countries, such as South Africa, the SPI was used to 

analyze drought frequency and severity (Rouault and 

Richard, 2005). North African countries (Morocco, 

Algeria, and Tunisia) also applied it for drought analysis 

in arid and semi-arid regions (Abbes et al., 2018; Hadri 

et al., 2021; Berhail and Katipoğlu, 2023; Ben Othman 

and Abida, 2022). In southeastern Mediterranean 

countries, the SPI was used to analyze and identify 

drought events (Tsesmelisetal, 2023). Similarly, In 

Australia, SPI was used to characterize meteorological 

drought across South Australia (Rashid and Beecham, 

2019).  

Due to its arid and semi-arid climate, Algeria, like other 

Mediterranean countries, faces significant challenges in 

managing its water resources. In recent decades, 

the northern regions of Algeria have been particularly 

affected by extreme droughts (Elouissi et al., 2017; Ziari 

and Medjerab, 2024).  

This study focuses specifically on drought analyses 

within the Macta basin in Northwest Algeria, a region 

highly susceptible to water resource stress and possessing 

a relatively dense meteorological network compared to 

the rest of the national territory. This network, 

comprising over 40active weather stations, provides 

a valuable opportunity for detailed drought analysis. 

To characterize and monitor drought in the Macta basin, 

the Standardized Precipitation Index (SPI-12 months) 

was calculated for each station during the study period 

(1969–2011). This index has an intensity scale for 

calculation. Positive and negative values are directly 

correlated with wet and dry years. Negative annual 

values indicate a drought period compared to the chosen 

reference period, while positive ones indicate a wet 

period. Studying drought spatiotemporal variability 

within the basin is important for analyzing and 

regionalizing this phenomenon. It relies on Geographical 

Information Systems (GIS), a well-known and useful tool 

applied in various studies. The results of this study are 

expected to contribute to effective regional water 

resource management strategies in Algeria and provide 

valuable insights for future research on drought indices 

and their application in similar arid and semi-arid 

environments. 

 

Materials and methods 

 

Study area 

 

Located in northwestern Algeria, the Macta watershed 

covers an area of approximately 14389 km2. It lies 

between 1°16′ and 0°58′ west longitude and 34°31′ and 

35°21′north latitude (Fig. 1). It is bounded by 

the Mediterranean Sea to the north, the Oran highlands 

(Algerian Atlas) to the south, the Chelif watershed to 

the East, and the Tafna watershed and the coastal Oranais 

to the West (Chibane et al., 2015). The Macta watershed 

is formed by the high plain of Sidi Bel Abbes, and 

the Habra  and Mascara  plains,  and is  bounded  by two  

https://www.sciencedirect.com/science/article/pii/S002216942200498X#b0045
https://www.sciencedirect.com/science/article/pii/S002216942200498X#b0045
https://www.sciencedirect.com/science/article/pii/S002216942200498X#b0045
https://www.sciencedirect.com/science/article/pii/S016980952300529X#bb0105
https://www.sciencedirect.com/science/article/pii/S016980952300529X#bb0105
https://www.sciencedirect.com/science/article/pii/S016980952300529X#bb0300
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Fig. 1.  Geographical situation of the Macta watershed and rainfall stations spatial 

distribution.  

 

 

parallel mountain ranges running southwest to northeast. 

These ranges consist primarily of the Beni-Cheugrane 

Mountains (altitude ranging from 540 and 900 m) and 

the Telagh and Saida Mountains (altitude ranging from 

600 to 1200 m). 

The Macta watershed, the most significant basin in 

western Algeria, provides the region's main water 

resources. Its elongated shape results in strong upstream 

surface flow. It is fed by two main rivers, the Mekerra 

and the Oued El-Hammam, which converge near 

the Mediterranean coast to form the Macta River. 

The Macta Basin is subject to the semiarid climate 

characterized by a cold winter and hot summer, it 

undergoes the Mediterranean influence in the North and 

the continental conditions in the South from where 

the precipitations are irregular in space and in time 

(Semari and Korichi, 2023). The average annual 

temperature in the basin is 17.7°C (2006–2017). This 

zone contains 6 states: Mascara (39/47 municipalities), 

Sidi Bel Abbes (43/52 municipalities), Saida (12/16 

municipalities), Mostaganem (10/32 municipalities), 

Tlemcen (1/53 municipalities), and Oran (1/26 

municipality) according to the National Agency for 

Hydraulic Resources “NAHR” (Semari, 2017). 

The population of the study area reached 1314973 

inhabitants in 2015. The potential agricultural area is one 

of the richest in the region. The main agricultural 

products are cirrus, market gardening, viticulture, 

and olive growing. Industry is considered a very 

important and diverse sector (HBA, 2015).  

The climate is continental to semi-arid with two main 

seasons. From September to May the weather is rainy 

and cold.  During the rest of the year, the weather is dry 

and hot.  

The average annual rainfall in the Macta watershed is 

estimated at 315 mm, varying between 280 mm in 

the south and 350 mm in the mountains of Beni-

Chaugrane. The wettest years may have rainfall 3 to 4 

times higher than the driest years (Khaldi, 2005). 

Data collection 

 

This study utilized precipitation data from 

42 meteorological and hydrological stations spanning 

the period from 1969 to 2011. These stations were 

selected from an initial network of approximately 

80 stations, with exclusions based on factors such as 

inoperability, missing records, insufficient observation 

periods, and significant data gaps. The final selection of 

stations met specific criteria related to data length, 

quality, and spatial representativeness. Notably, all 

stations in the dataset had a recording period of over 

30 years. Fig. 1 illustrates the spatial distribution of 

rainfall stations and the relief within the studied area. 

There is a higher concentration of stations in the central 

and eastern regions, particularly around Sidi Bel Abbes 

and Mascara, while coverage is sparse in the western and 

southern areas, especially in the elevated Oran High 

Plateaus and the southern border (Fig. 1). 

In this work, two approaches are used to analyze drought 

in the Macta basin: 

– This study analyzes drought conditions using the 12-

month Standardized Precipitation Index (SPI-12), 

calculated from rainfall data obtained from 

the National Agency for Hydraulic Resources 

“NAHR” and the National Meteorological Office 

(NMO). 

– The spatial distribution of drought within the study 

area was visualized and mapped using Geographic 

Information Systems (GIS). The methodological 

approach adopted in this study is presented in Fig. 2. 

 

Data processing 

 

Observation data analysis requires careful control and 

verification. Thus, this work primarily aims to collect all 

available precipitation data and relevant information 

related to the study area. Some of the selected stations 

had gaps that were corrected by calculating the mean 
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arithmetic value over ten years (Table 1). 

Generally used when there are no well-correlated stations 

with the studied series and can be accepted if missing 

data are not important, the method choice was influenced 

by the distance between the selected poorly correlated 

stations. After correcting the basic file, we studied data 

homogeneity by applying the Wilcoxon test (Wilcoxon, 

1945; Conover, 1999), a non-parametric test that uses 

the ranks series of the observations instead of the values 

series. The Wilcoxon test is based on the following 

principle: if the sample X comes from the same 

population as the sample Y, the union of the sample X 

and Y is also derived from this same population (Hayes, 

2011; Khaldi, 2005). The results obtained from this test 

indicated that all the stations were homogeneous, 

confirmed by calculating the statistical characteristics of 

the rainfall series (The average value, standard deviation, 

median value and coefficient of variability (CV)) as 

presented in the Table 2. 

 

 
Fig. 2.  Methodological flowchart of 

the approach adopted for the study area. 

 

 

Table 1.  Meteorological Stations 

with gap-filled precipitation 

data 

Rainfall stations Year Month 

Ras El Ma, Sid Ali Ben 

Youb, El Hacaiba, Sarno 

Bge, Sidi Bel Abbes, 

Hassi Daho, Mostefa Ben 

Brahim, Ain Trid, 

CheurfasBge, Merine 

2011 

April, May, 

June, July, 

August 

 
The Standardized Precipitation Index "SPI" 

calculation 

 

The Standardized Precipitation Index (SPI) reflects 

actual precipitation as a standardized baseline concerning 

the precipitation probability distribution function. 

Therefore, the index has gained importance in recent 

years as a potential drought indicator, permitting 

comparisons across space and time. Based on a long-term 

precipitation history, the SPI is widely used to 

characterize meteorological drought on a range of 

timescales from 1 month to 24 months or longer, 

depending on the drought type being monitored (Naresh 

et al., 2009; Spinoni et al., 2014). SPI has several good 

features, including its simplicity, as it is based only on 

precipitation and its temporal flexibility at different time 

scales.  These features clearly show the drought impacts 

on various sectors (McKee et al., 1993; Abbes et al., 

2018). The SPI index is expressed mathematically as: 
 

Si

XmXi
SPI


                  (1)

 
where 

Xi  is the cumulative precipitation for year i, 

Xm and Si  are the mean and standard deviation, 

respectively, of the annual precipitation 

observed for a given series. 
 

The computation of SPI requires long-term data on 

precipitation to determine the probability distribution 

function, which is then transformed into a normal 

distribution with a mean of zero and a standard 

deviation of one. Thus, the SPI values are expressed in 

standard deviations. Positive SPI values indicate 

greater than median precipitation, while negative 

values indicate less than median precipitation (Juliani 

and Okawa, 2017; Lorenzo et al., 2024). SPI can be 

compared across regions with markedly different 

climates. It quantifies observed precipitation as 

a standardized departure from a selected probability 

distribution function that models the raw precipitation 

data. The SPI computation in this paper follows the 

method proposed by McKee (McKee, 1993; 1995) to 

evaluate drought events (Table 2). 

 

 

Table 2.  Classification of drought 

sequences based on SPI 

(Mckee et al. 1993) 

Values of the SPI index The Sequence of drought 

SPI ≥ 2.0 Extremely wet 

from  1.5 to 1.99 Very wet 

from 1.0 to 1.49 Moderately wet 

from -0.99 to 0.99 Near normal 

from -1.0 to -1.49 Moderately dry 

from -1.5 to -1.99 Very dry 

-2 and less Extremely dry 

 
Results and discussion 

 

Precipitation 

 

In the Macta watershed, average annual precipitation 

ranges between 200 and 500 mm. The eastern and 

western parts of the basin, located at altitudes between 

750 and 1400 meters, receive higher rainfall amounts, 

ranging from 380 to 500 mm. In contrast, the northern, 

central, and southwestern parts of the basin, 

characterized by more varied elevations, receive 

the lowest average annual precipitation, between 200 and 

300 mm (Fig. 3).  
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Fig. 3.  Spatial Distribution of Average Annual Precipitation in the Macta Watershed  

(1969–2011). 

 

 

Nearly half of the total area of the basin receives less than 

290 mm of rainfall annually. The high-altitude zones, 

ranging from 750 to 1400 meters and representing about 

10% of the total surface area, are characterized by 

an average annual rainfall exceeding 290 mm. 

By applying the isohyetal method, the average rainfall 

across the entire basin was calculated to be 285 mm. 

The formula used is as follows: 

 

𝑃𝑎𝑣𝑔 =
∑𝐴𝑖𝑝𝑖

𝐴
                               (2) 

 
where 

𝑃𝑎𝑣𝑔 average precipitation over the basin [mm], 

A  total area of the basin [km2], 

𝐴𝑖  area between two isohyets i and i+1 [km2], 

𝑝𝑖    mean precipitation between two consecutive 

isohyets i and i+1 [mm].  

 
According to Table 3, the coefficients of variation for 

the 42 stations are relatively low, ranging from 23% for 

the Tizi station to 48% for the Beniane station, indicating 

a moderate level of consistency in rainfall patterns across 

the study area. The standard deviation values range from 

62.9 mm for the Sahouetouizert station to 166.2 mm for 

the Nesmoth station, indicating differences in the spread 

of rainfall values. Annual rainfall averages show low 

variability across the study area, varying from 200.3 mm 

at the Ras El Ma station to 500 mm at the Nesmoth 

station. 

 

Temporal variability of SPI 

 

The analysis of the SPI-12 index values for all 

the precipitation stations studied over the period 1969 to 

2011 demonstrates that the decade of the 1970s was 

marked by the observation of numerous positive values, 

frequently exceeding a value of 1, at the majority of 

stations. In contrast, from the 1980s to the mid-2000s, all 

stations experienced a significant rainfall deficit (SPI 

values negative and less than 1). This period is 

characterized by very dry or even extremely dry years 

(SPI-12< -1.5). This result is similar to that obtained on 

the Mediterranean basin and North Africa, on 

the southeastern Mediterranean countries, on Northern 

Algeria, on Moroco, on the United States and continental 

United States (Table 4). Thus, the decade from 1981 to 

1991 seems to mark the beginning of drought conditions. 

Towards the end of the observation period, there is 

an upward trend in rainfall, with index values sometimes 

exceeding 2 (El Hacaiba, Ras El Ma, Sid Ali Ben Youb 

and Sidi Bel Abbes). 

 

SPI classification 

 

Table 5 presents a summary of the Standardized 

Precipitation Index (SPI-12) classification results for 

the stations studied over the period 1969–2011. The table 

is designed to clearly illustrate the severity and frequency 

of drought years. Based on this summary, dry years are 

mainly occurring during the 1980s and 1990s. Notably, 

the frequency of extreme wet events exceeds that of 

extreme dry events. 

 

Spatial distribution of drought 

 

To spatially represent drought, we mapped the spatial 

distribution of the number of dry years by degree of 

severity (Fig. 4, Fig. 5, Fig. 6 and Fig. 7). Although 

the maps display evident spatial variability in both extent 

and severity of drought, no stable or recurring pattern is 

observed. Overall, the spatial distribution of drought 

lacks clear regionalization, indicating that dry years 

occur irregularly throughout the study area. This 

irregularity reflects the highly localized and variable 

nature of rainfall within the region. 



Nehal, L.: Drought study in the Macta watershed (North West of Algeria) using Standardized...  

 371 

Temporal patterns of dry and wet years 

 

We synthesized the temporal variability of dry and 

wet years from Table 4. The results are shown in Fig. 8a 

and 8b.  

The analysis of these histograms reveals several years 

characterized by significant drought conditions, where 

more than half of the stations recorded "dry" conditions. 

These years include: 1981, 1982, 1983, 1987, 1988, 

1989, 1992, 1993, 1994, 1996, 1998, and 1999. Similar 

results have been found in other regions, including 

the semi-arid Borana area of southern Ethiopia (Worku, 

2024), the Mediterranean (Polychroni and Nastos, 2017), 

and Europe (Ionita et al., 2021). The year 1981 stands out 

as the most severe drought year within the study period, 

affecting 31 out of 42 stations, followed by the years 

1992, 1999, 1996, 1988, 1998, 1983, 1989 and 1993. 

While both decades experienced drought years, the 1980s 

saw more frequent and widespread drought events. Thus, 

the 80s were notably drier compared to the 1990s. 

 

 

Table 3.  Statistical characteristics of the studied rainfall stations 

Name of stations Max Min Standard 

deviation 

Average Median Coeff. of 

variation 

Ras El Ma 456.4 31.2 90.8 200.3 178.2 0.43 

Sid Ali benyoub 660.2 79.6 119.3 355.5 367.7 0.34 

El hacaiba 530.8 110.8 99.3 307.6 293.3 0.32 

Sarno bge 634.2 170.5 106.2 361.1 367.0 0.29 

Sidi bel abbes 591.0 159.4 92.8 332.2 328.8 0.28 

Hassi daho 522.9 82.9 109.4 324.7 328.3 0.34 

Mostefa ben brahim 662.7 107.8 110.2 331.6 316.9 0.33 

Ain trid 692.1 127.5 121.8 407.4 392.0 0.29 

Cheurfasbge 537.9 153.0 96.3 321.9 311.4 0.29 

Merine 512.0 159.6 89.1 322.5 315.5 0.28 

Daoud youb 382.6 33.5 79.3 231.9 242.9 0.34 

Meftah sidi boubekeur 527.2 111.6 85.5 285.4 281.8 0.29 

Ain elhadjar 649.2 74.7 141.2 343.4 305.7 0.41 

Hammam rabi 531.9 101.7 103.1 277.6 252.7 0.37 

Oued taria 549.6 60.6 102.4 284.1 272.6 0.36 

Ain tifrit 598.6 131.2 101.9 359.9 354.2 0.28 

Tamesna 907.3 150.8 137.3 327.5 299.8 0.42 

Beniane 760.9 66.3 153.4 316.9 310.4 0.48 

Maoussa 654.0 154.9 92.2 300.8 298.6 0.31 

Froha 514.6 154.4 69.0 288.2 294.1 0.24 

Matemore 469.5 175.5 76.5 298.4 280.9 0.26 

Tizi 524.6 180.2 80.5 346.6 353.2 0.23 

Sidi kada 830.0 198.4 125.9 364.6 351.7 0.35 

Ain fares 775.5 171.0 135.7 410.9 379.9 0.33 

Nesmoth 1033.1 135.5 166.2 500.0 476.6 0.35 

Ghriss 695.1 144.0 108.6 303.5 277.5 0.36 

Mascara 654.0 125.8 109.3 337.8 325.8 0.32 

Sahouetouizert 369.2 130.0 62.9 252.4 274.1 0.25 

Bouhanifiabge 471.0 135.0 81.4 278.3 263.42 0.29 

Sfisef 540.2 149.0 105.2 334.2 334.9 0.31 

Hacine 500.5 173.2 82.5 318.9 326.7 0.26 

Mohammadia 469.9 172.9 76.1 313.1 307.2 0.24 

Trois Rivières 460.9 81.6 78.9 230.3 224.5 0.34 

Oggaz 487.4 78.0 87.1 260.5 258.8 0.33 

Bouhenni 381.6 144.2 63.3 252.0 253.8 0.25 

Fornaka 486.3 85.6 87.8 268.5 254.0 0.33 

Samouria 511.3 125.1 83.9 278.6 279.7 0.30 

Moctadouz 665.5 71.5 127.9 285.6 260.9 0.45 

Ferme blanche 611.0 111.8 101.8 305.7 302.2 0.33 

Bled taouria 538.8 133.6 97.6 324.1 311.0 0.30 

Marais de sirat 457.2 138.3 90.8 287.8 280.4 0.32 

Fermeassorain 514.5 129.0 101.9 327.2 323.8 0.31 
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Table 4.  Drought episodes in other regions 

Country/region Study period Reference 

United States 1980–1981 Weisman, 1985 

Mediterranean basin, Ireland, United Kingdom 1951–-2016 Caloiero et al., 2018 

Eastern Mediterranean 1901–2020 Tsesmelis et al., 2023 

Northern Algeria 1968–2021 Diaf et al., 2024 

Moroco 1981–2018 Elair et al., 2025 

Continental United States 1925–2003 Konstantinos et al., 2006 

 

 

Table 5.  Summary of the class percentages of the SPI for the studied period (1969–2011) 

Stations EW EW 

[%] 

VW VW 

[%] 

MW MW 

[%] 

NN NN 

[%] 

MD MD 

[%] 

VD VD 

[%] 

ED ED 

[%] 

Ras El Ma 3 6.9 1 2.3 2 4.6 33 76.7 3 6.9 1 2.3 0 0 

Sid Ali Ben 

Youb 
2 4.6 1 2.3 2 4.6 32 74.4 4 9.3 1 2.3 1 2.3 

El Hacaiba 1 2.3 3 6.9 4 9.3 28 65.1 6 13.9 1 2.3 0 0 

Sarno Bge 1 2.3 3 6.9 3 6.9 29 67.4 5 11.63 2 4.6 0 0 

Sidi Bel Abbes 1 2.3 2 4.6 4 9.3 28 65.1 6 13.9 2 4.6 0 0 

Hassi Daho 0 0.0 3 6.9 5 11.6 25 58.1 8 18.6 1 2.3 1 2.3 

Mostefa Ben 

Brahim 
1 2.3 2 4.6 5 11.6 28 65.1 6 13.9 0 0.0 1 2.3 

Ain Trid 1 2.3 3 6.9 3 6.9 29 67.4 6 13.9 0 0.0 1 2.3 

CheurfasBge 1 2.3 3 6.9 4 9.3 27 62.7 4 9.3 4 9.3 0 0 

Merine 2 4.6 1 2.3 6 13.9 28 65.1 4 9.3 2 4.6 0 0 

Daoud Youb 0 0.0 1 2.3 6 13.9 28 65.1 4 9.3 3 6.9 1 2.3 

Meftah Sidi 

Boubekeur 
1 2.3 4 9.3 0 0.0 30 69.7 6 13.5 1 2.3 1 2.3 

Ain El Hadjar 3 6.9 3 6.9 1 2.3 32 74.4 3 6.9 1 2.3 0 0 

Hammam Rabi 2 4.6 2 4.6 3 6.9 31 72.0 3 6.9 2 4.6 0 0 

Oued Taria 2 4.6 3 6.9 1 2.3 33 76.7 1 2.3 2 4.6 1 2.3 

Ain Tifrit 2 4.6 1 2.3 4 9.3 29 67.4 4 9.3 2 4.6 1 2.3 

Tamesna 2 4.6 0 0.0 3 6.9 33 76.7 5 11.6 0 0.0 0 0 

Beniane 2 4.6 1 2.3 2 4.6 32 74.4 5 11.6 1 2.3 0 0 

MaouVDa 1 2.3 1 2.3 3 6.9 31 72.0 6 13.9 1 2.3 0 0 

Froha 1 2.3 2 4.6 2 4.6 30 69.7 5 11.6 3 6.9 0 0 

Matemore 3 6.9 1 2.3 5 11.6 27 62.7 5 11.6 2 4.6 0 0 

Tizi 1 2.3 1 2.3 4 9.3 29 67.4 4 9.3 3 6.9 1 2.3 

Sidi Kada 2 4.6 1 2.3 1 2.3 33 76.7 6 13.9 0 0.0 0 0 

Ain Fares 2 4.6 3 6.9 1 2.3 31 72.0 5 11.6 1 2.3 0 0 

NesmothMf 1 2.3 1 2.3 2 4.6 33 76.7 5 11.6 0 0.0 1 2.3 

Ghriss 2 4.6 2 4.6 3 6.9 32 74.4 4 9.3 0 0.0 0 0 

Mascara 2 4.6 0 0.0 5 11.6 28 65.1 7 16.2 1 2.3 0 0 

Sahouet Ouizert 0 0.0 3 6.9 4 9.3 27 62.7 6 13.9 3 6.9 0 0 

Bou HanifiaBge 3 6.9 1 2.3 3 6.9 31 72.0 4 9.3 1 2.3 0 0 

Sfisef 0 0.0 4 9.3 3 6.9 29 67.4 5 11.6 2 4.6 0 0 

Hacine 1 2.3 2 4.6 3 6.9 29 67.4 6 13.9 2 4.6 0 0 

Mohammadia 

Grha 
1 2.3 3 6.9 3 6.9 29 67.4 3 6.9 4 9.3 0 0 

Trois Riviéres 2 4.6 0 0.0 3 6.9 29 67.4 8 18.6 1 2.3 0 0 

Oggaz 2 4.6 4 9.3 0 0.0 30 69.7 5 11.6 1 2.3 1 2.3 

Bou Henni 1 2.3 4 9.3 1 2.3 30 69.7 4 9.3 3 6.9 0 0 

Fornaka 1 2.3 3 6.9 3 6.9 27 62.7 7 16.2 1 2.3 1 2.3 

Samouria 1 2.3 3 6.9 3 6.9 28 65.1 7 16.2 1 2.3 0 0 

Mocta Douz 3 6.9 0 0.0 3 6.9 31 72.0 4 9.3 2 4.6 0 0 

Ferme Blanche 2 4.6 1 2.3 3 6.9 32 74.4 3 6.9 2 4.6 0 0 

Bled Taouria 1 2.3 2 4.6 4 9.3 29 67.4 3 6.9 4 9.3 0 0 

Marais De Sirat 0 0.0 4 9.3 4 9.3 27 62.7 4 9.3 4 9.3 0 0 

FermeAssorain 0 0.0 4 9.3 2 4.6 29 67.4 4 9.3 4 9.3 0 0 

EW: Extremely Wet – MW: Moderately Wet – VW: Very Wet 

ED: Extremely Dry – MD: Moderately Dry – VD: Very Dry 

NN: Near Normal 
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Fig. 4.  Spatial Distribution of 

the number of years in the Near Normal 

category at rainfall stations during 1969–

2011 

 

 

 

 
 

Fig. 5.  Spatial Distribution of 

the number of Moderately dry years at 

rainfall stations during 1969–2011. 

 

 

 
Fig. 6.  Spatial Distribution of 

the number of years in the Very dry 

category at rainfall stations during 

1969–2011. 

 

 

 

 
Fig. 7.  Spatial Distribution of 

the number of years in the Extremely dry 

category at rainfall stations during 1969–

2011. 
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Fig. 8.  a) Number of dry and wet years recorded at each station, b) Distribution of 

the number of stations affected by drought. 

 

 
 

Analysis of the spatial distribution of drought severity 

reveals that certain stations consistently experienced 

drier conditions. In the 21st century, two main drought 

events were detected specifically in 2004 and 2007. This 

result closely aligns with findings from studies conducted 

in Khuzestan province, Southwest Iran (Adib et al., 

2024), and across other semi-arid regions of Iran 

(Hamarash et al., 2022). The following stations 

experienced the driest conditions, with an average of nine 

dry years: Sahouet, Ouizert and Trois Rivere stations 

(eastern region), Hassi Daho (western region) and 

Fornaka (northern region). In contrast, Merine and 

Matemore stations recorded more wet years, indicating 

spatial variability in rainfall patterns. Comparable 

results have been reported in Greece by Kourtis et al. 

(2023). 

The Standardized Precipitation Index (SPI-12) analysis 

further supports the findings from the histograms, 

highlighting distinct temporal trends: the 1970s were 

characterized by a surplus of rainfall followed by 

a prolonged deficit period spanning from 1980 to 2004, 

corroborating the observation that the 1980s and 

early 1990s were particularly dry. The period from 2005 

to 2011 indicates a return to more normal 

rainfall conditions. 

 

Drought years mapping 

 

In order to visualize the spatial distribution of climatic 

drought within the study area, the spatial distribution of 

Standardized Precipitation Index (SPI-12) was mapped 

for the driest years: 1981, 1988, 1992, 1996, 1998, and 

1999 (Fig. 9, Fig. 10, Fig. 11, Fig. 12, Fig. 13 and 

Fig. 14). Analysis of the SPI-12 maps reveals significant 

spatial variation in drought extent across the study area, 

both east-west and north-south. Notably, in 1981, 

the entire study area was affected by drought of 

varying severity, ranging from very dry to extremely dry 

(SPI-12 < -2) across all regions. The 1992, 1996, and 

1999 maps reveal a northward and east-central shift in 

drought occurrence, with SPI values in the east-central 

regions reaching as low as -1.00 and occasionally 

exceeding -2.00. These typically well-watered regions 

support rainfed vegetable and cereal crops. Conversely, 

the 1988 and 1998 maps highlight significant drought in 

the central and southwestern areas. 
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Fig. 9.  Standard Precipitation 

Index (SPI) map for 1981. 

 

 

 
Fig. 10.  Standard Precipitation 

Index (SPI) map for 1988. 

 

 

 
Fig. 11.  Standard Precipitation 

Index (SPI) map for 1992. 

 
Fig. 12.  Standard Precipitation 

Index (SPI) map for 1996. 

 

 

 
Fig. 13.  Standard Precipitation 

Index (SPI) map for 1998. 

 

 

 
Fig. 14.  Standard Precipitation 

Index (SPI) map for 1999. 
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Conclusion 
 

Drought is a global natural phenomenon that adversely 

affects several areas and sectors, such as agriculture, 

health, environment and even natural reserves and 

resources. In this study, several statistical methods were 

employed to assess whether drought trends are region-

wide or localized across the study area. The annual 

rainfall totals for the period between 1969 and 2011 show 

a low inter-annual variability, with averages ranging 

from 200.3 mm to 500 mm and coefficients of variation 

from 0.23 to 0.48.  

Over this 43-year period, analysis using the 12-month 

Standardized Precipitation Index (SPI-12) highlights 

a significant drought trend. The most intense and 

widespread drought events occurred during the 1980s 

and 1990s, with particularly severe years including 1981, 

1983, 1988, 1989, 1992, 1993, 1996, 1998, and 1999. 

Among these, the 1981 drought was the most extensive, 

affecting over 80% of the study area. While the 1980s 

were marked by more extreme drought conditions, two 

notable events were also detected in the early 21st 

century, in 2004 and 2007. 

Using Geographic Information Systems (GIS), drought 

severity was mapped to identify the most affected zones 

within the Macta basin. The spatial analysis revealed no 

clear regionalization of drought occurrence, indicating 

that dry years are randomly distributed across the study 

area, reflecting the highly variable and localized nature 

of rainfall. 

The findings indicate a clear increasing trend in drought 

severity over recent decades. Drought has become 

a dominant feature of northwestern Algeria and 

a characteristic of the semi-arid Mediterranean climate. 

This intensifying aridity has led to a persistent water 

deficit, disrupting the balance between water availability 

and demand. The impact on water resource management 

has been more pronounced than on agriculture or 

vegetation. These results underscore the importance of 

robust drought monitoring and assessment systems as 

essential tools for mitigation and sustainable resource 

planning. 

Further research is recommended to incorporate more 

recent climatic data and additional variables, using 

advanced analytical and remote sensing approaches to 

improve understanding of drought dynamics in northern 

Algeria. 

 

Acknowledgements 

 

The authors would like to thank the numerous people who 

helped in the preparation of this paper especially Prof. 

Mahi Habib, Center of Space Techniques (CTS)-Algeria. 

 

References 

 
Abbes, M., Hamimed, A., Lafrid, A., Mahi, H., Nehal, L. 

(2018): Use of high spatial resolution satellite data for 

monitoring and characterization of drought conditions in 

the Northwestern Algeria. Mining Science, vol. 25, 85–

113. 

ABH (1970–2015): Data provided by the water basin agency. 

Internal report. 

Adib, A., Soleimani, M., Ashrafi, S. M., Lotfirad, M., Sofla, 

M. S. D., Liaghat, A. (2024): Monitoring annual 

meteorological drought in arid and semi-arid watersheds 

by SPI12 drought index and spatial autocorrelation pattern 

analysis: a case study of the Khuzestan province, 

Southwest Iran. Sustainable Water Resources 

Management, vol.10, no. 5, 160. 

Awal, M. A., Mamun, M. M. (2023): Long Term 

Meteorological Drought Forecasting for North-western 

Region of Bangladesh Using Wavelet Artificial Neural 

Network. Revista Brasileira de Meteorologia, vol. 37, 

453-465. 

Bayissa, Y., Moges, S., Xuan, Y., Van Andel, S., Maskey, S., 

Solomatine, D., Griensven, A., Van Tadesse, T. (2015): 

Spatio-temporal assessment of meteorological drought 

under the influence of varying record length: The case of 

Upper Blue Nile Basin, Ethiopia. Hydrological Sciences 

Journal. vol. 60, 1927–1942. 

Ben Othman, D., Abida, H. (2022): Monitoring and mapping 

of drought in a semi-arid region: Case of the Merguellil 

watershed, central Tunisia. Environmental Monitoring 

and Assessment, vol. 194, no. 4, 287. 

Berhail, S., Katipoğlu, O. M. (2023): Comparison of the SPI 

and SPEI as drought assessment tools in a semi-arid 

region: case of the Wadi Mekerra basin (northwest of 

Algeria). Theoretical and Applied Climatology, vol. 154, 

no. 3, 1373–1393. 

Caloiero, T., Veltri, S., Caloiero, P., Frustaci, F. (2018): 

Drought analysis in Europe and in the Mediterranean basin 

using the standardized precipitation index. Water, vol. 10, 

no. 8, 1043. 

Chibane, B., Bentchakal, M., Medjerab, A., Benfares, B. 

(2015): Etude de la variabilité et de la structure de pluie 

annuelle dans une region semi-aride: cas du bassin versant 

de la Macta (Nord-Ouest Algerien). Larhyss Journal, vol. 

23, 213–229. 

Conover, W. J. (1999): Practical Nonparametric Statistics, 3rd 

edition. John Wiley & Sons. 

Cunha, A. P. M., Zeri, M., Deusdará Leal, K., Costa, L., 

Cuartas, L. A., Marengo, J. A., Ribeiro-Neto, G. (2019): 

Extreme drought events over Brazil from 2011 to 2019. 

Atmosphere, vol. 10, no. 11, 642. 

Dai, A. (2013): Increasing drought under global warming in 

observations and models Nat. Climatic Change. Vol. 3, 

52–58. 

Diaf, A., Djellouli, F., Henim, A. N. (2024): Analysis of 

extreme climatic phenomena in northern Algeria. 

Environmental Earth Sciences, vol. 83, no. 23, 1–20. 

Elair, C., Chaham, K. R., Karaoui, I., Hadri, A. (2025): 

The Spatio-Temporal Analysis of Droughts Using 

the Standardized Precipitation Evapotranspiration Index 

and Its Impact on Cereal Yields in a Semi-Arid 

Mediterranean Region. Applied Sciences, vol. 15, no. 

1865, 1–21. https://doi.org/10.3390/ app1504186. 

Elouissi, A., Habi, M., Benaricha, B., Boualem, S. A. (2017): 

Climate change impact on rainfall spatio-temporal 

variability (Macta watershed case, Algeria). Arabian 

Journal of Geosciences, vol. 10, 1–14. 

Espinosa, L. A., Portela, M. M., Rodrigues, R. (2019): Spatio-

temporal variability of droughts over past 80 years in 

Madeira Island. Journal of Hydrology: Regional Studies, 

vol. 25, 100623. 

Giorgi, F., Lionello, P. (2008): Climate Change projections for 

the Mediterranean region. Global and Planetary Change, 

vol. 63, 90–104. 

Ghosh, S., Chakrabarti, A., Biswas, S. (2019): Application of 

standardized precipitation index for monitoring 

agricultural drought: A case study from Eastern India. 

Environmental Earth Sciences, vol. 78, no. 2, 54. 



Nehal, L.: Drought study in the Macta watershed (North West of Algeria) using Standardized...  

 377 

https://doi.org/10.1007/s12665-019-8065-6 

Hadri, A., Saidi, M. E. M., Boudhar, A. (2021): Multiscale 

drought monitoring and comparison using remote sensing 

in a Mediterranean arid region: a case study from west-

central Morocco. Arabian Journal of Geosciences, vol. 14, 

1-18. 

Hamad, A., Baali, F., Hadji, R., Zerrouki, H., Besser, H., 

Mokadem, N., Hamed Y. (2018): Hydrogeochemical 

characterization of water mineralization in Tebessa-

Kasserine karst system (Tuniso-Algerian transboundry 

basin). Euro-Mediterranean Journal for 

EnvironmentalIntegration, vol. 3, no. 1, 7. 

Hamarash, H., Hamad, R., Rasul, A. (2022): Meteorological 

drought in semi-arid regions: A case study of Iran. Journal 

of Arid Land, vol. 14, no. 11, 1212–1233. 

Hayes, M. J. (2011): Comparison of major drought indices: 

introduction. National Drought MitigationCenter, 

http://drought.unl.edu/Planning/Monitoring/Comparisono

fIndicesIntro.aspx 

HBA. (2015): Data provided by the hydrographic basin 

agency. Internal report. 

Ionita, M., Nagavciuc, V. (2021): Changes in drought features 

at the European level over the last 120 years. Natural 

Hazards and Earth System Sciences, vol. 21, no. 5, 1685–

1701. 

IPCC. (2014a): Climate Change 2014: Impacts, Adaptation, 

and Vulnerability. Part A: Global and Sectoral Aspects. 

Contribution of Working Group II to the Fifth Assessment 

Report of the Intergovernmental Panel on Climate Change 

[Field, C. B. V. R., Barros, D. J., Dokken, K. J., Mach, M. 

D., Mastrandrea, T. E., Bilir, M. Chatterjee, K. L., Ebi, Y. 

O., Estrada, R. C., Genova, Girma, B., Kissel, E. S., Levy, 

A. N., MacCracken, S., Mastrandrea, P. R., White, L. L. 

(eds.)]. Cambridge University Press, Cambridge, United 

Kingdom and New York, NY, USA, 1132 p. 

http://www.ipcc.ch/report/ar5/wg2/. 

IPCC. (2014b): Climate Change 2014: Impacts, Adaptation, 

and Vulnerability. Part B: Regional Aspects. Contribution 

of Working Group II to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change [Barros, V. 

R.C. B., Field, D. J., Dokken, M. D., Mastrandrea, K. J., 

Mach, T. E., Bilir, M., Chatterjee, K. L., Ebi, Y. O., 

Estrada, R. C., Genova, B., Girma, E. S., Kissel, A. N., 

Levy, S., MacCracken, P. R., White, L.L. (eds.)]. 

Cambridge University Press, Cambridge, United 

Kingdom and New York, NY, USA, 688 pp. 

http://www.ipcc.ch/report/ar5/wg2/. 

Juliani, B. H. T., Okawa, C. M. P. (2017): Application of a 

standardized precipitation index for meteorological 

drought analysis of the semi-arid climate influence in 

Minas Gerais, Brazil. Hydrology, vol. 4, no. 2, 26. 

Keyantash, J., Dracup, J. (2002): The quantification of 

drought: an evaluation of drought indices, Bulletin of the 

American Meteorological Society, vol. 83, no. 8, 

11671180. 

Khaldi, A. (2005): Impacts de la sécheresse sur le régime des 

écoulements souterrains dans les massifs calcaires de 

l’Ouest Algérien " Monts de Tlemcen - Saida". Thèse de 

Doctoratd’Hydrogéologie, Université d’Oran. 

Konstantinos, M Andreadis., Dennis, P Lettenmaier. (2006): 

Trends in 20th century drought over the continental United 

States. GeaophysicalReserach Letters. Vol. 33, no. 10, 1-

4. https://doi.org/10.1029/2006GL025711. 

Kourtis, I. M., Vangelis, H., Tigkas, D., Mamara, A., 

Nalbantis, I., Tsakiris, G., Tsihrintzis, V. A. (2023): 

Drought assessment in greece using SPI and ERA5 

climate reanalysis data. Sustainability, vol. 15, no. 22, 

15999. 

Logan, K. E., Brunsell, N. A., Jones, A. R., Feddema, J. J. 

(2010: Assessing spatiotemporal variability of drought in 

the US central plains. Journal of Arid Environments, vol. 

74, no. 2, 247-255. 

Lorenzo, M. N., Pereira, H., Alvarez, I., Dias, J. M. (2024): 

Standardized Precipitation Index (SPI) evolution over the 

Iberian Peninsula during the 21st century. Atmospheric 

Research, vol. 297, 107132. 

Mckee, T., Doesken, N., Kleist J. (1993): The relationship of 

drought frequency and duration to time scales. In 

proceedings of the 8th conference on applied climatology; 

American Meteorological Society Boston MA, USA, 

1993, vol. 17, 179-183. 

Mckee, T. B., Doesken N. J., Kleist J. (1995): Drought 

monitoring with multiple time scales. In: proceedings of 

the ninth conference on applied climatology, Am. 

Meteorol. Soc. Boston, 233-236. 

Merabti, A., Meddi, M., Martins, D. S., Pereira, L. S. (2018): 

Comparing SPI and RDI applied at local scale as 

influenced by climate. Water resources management, vol. 

32, no. 3, 1071-1085. 

Mishra, A. K., Singh, V. P. (2010): A review of drought 

concepts. Journal of hydrology, vol. 391, no. 1-2, 202-

216. 

Naresh Kumar, M., Murthy, C. S., Sesha Saib, M., Royb., P. 

S. (2009): On the use of standardized precipitation index 

(SPI) for drought intensity assessment. Meteorol. Appl, 

vol. 16, 381-389. 

Oliveira, T. A. D., Souza Filho, F. D. A. D., Vasconselos, F. 

D. C. (2023): Análise da Relação entre Diferentesíndices 

de Seca: Caso de Estudona Bacia do Alto 

Jaguaribe. Revista Brasileira de Meteorologia, vol. 38, 

e38230014. 

Palmer., W. C. (1968): Keeping track of crop moisture 

conditions, nationwide: the new crop moisture index. 

Weatherwise, vol. 21, 156-161. 

Palmer., W. C. (1965): Meteorological drought, research paper 

No. 45, U.S. Department of 

commerceweatherbureau,Washington, DC. 

Park, S. Y., Sur, C., Lee, J. H., Kim, J. S. (2020): Ecological 

drought monitoring through fish habitat-based flow 

assessment in the Gam river basin of Korea. Ecological 

indicators, vol. 109, 105830. 

Pavelková, D., Kandra, B., Tall, A., Hlavatá, H., Gomboš, M. 

(2023): Comparison of meteorological drought over two 

normal periods. Acta HydrologicaSlovaca, vol. 24, no. 2, 

221–231. 

Polychroni, I., Nastos, P. (2017, April): Standardized 

Precipitation Index (SPI) over the Mediterranean region 

based on high resolution gridded data. In EGU General 

Assembly Conference Abstracts, 1002 p. 

Rashid, M. M., Beecham, S. (2019): Characterization of 

meteorological droughts across South 

Australia. Meteorological Applications, vol. 26, no. 4, 

556-568. 

Rouault, M., Richard, Y. (2005): Intensity and spatial extent 

of droughts in southern 

Africa. Geophysicalresearchletters, vol. 32, no. 15. 

Semari, K. (2016): Forme des lits pour les cours d’eau du 

bassin versant de la Macta. Thèse de doctorat, université 

de Mascara - Algérie, 180p. 

Semari, K., Korichi, K. (2023): Water erosion mapping using 

several erosivity factors in the Macta Basin (North-West 

of Algeria). Acta HydrologicaSlovaca, vol. 24, 101-112. 

Shafer, B. A., Dezman, L. E. (1982): Development of a surface 

water supply index (SWSI) to assess the severity of 

drought conditions in snowpack runoff areas. In 

Proceedings of the Western Snow Conference, Fort 

Collins, CO, 164–175. 

Schilling, J., Hertig, E., Tramblay, Y., Scheffran, J. (2020): 

https://doi.org/10.1007/s12665-019-8065-6
http://www.ipcc.ch/report/ar5/wg2/
https://doi.org/10.1029/2006GL025711


Acta Hydrologica Slovaca, Volume 26, No. 2, 2025, 366 – 378 

378 

Climate change vulnerability, water resources and social 

implications in North Africa. Regional Environmental 

Change, vol. 20, 1-12. 

Spinoni, J., Naumann, G., Carrao, H., Barbosa, P., Vogt, J. 

(2014):  world drought frequency, duration, and severity 

for 1951- 2010. Int. J. Climatol, vol. 34, 2792-2804. 

Spinoni, J., Naumann, G., Vogt, J. V., Barbosa, P. (2015): The 

biggest drought events in Europe from 1950 to 

2012. Journal of Hydrology: Regional Studies, vol. 3, 

509-524. 

Sun, P., Liu, R., Yao, R., Shen, H., Bian, Y. (2023): Responses 

of agricultural drought to meteorological drought under 

different climatic zones and vegetation types. Journal of 

Hydrology, vol. 619, 129305. 

Taibi, S., Meddi, M., Mahé, G., Assani, A. (2017): 

Relationships between atmospheric circulation indices 

and rainfall in Northern Algeria and comparison of 

observed and rcm-generated rainfall. Theor appl climatol, 

vol. 127, 241- 257. 

Tabari, H., Abghari, H., Hosseinzadeh., Talaee, P. (2012): 

Temporal trends and spatial characteristics of drought and 

rainfall in arid and semi-arid regions of Iran. Hydrol. 

Process, vol.  26, 3351–3361. 

Tanarhte, M., De Vries, A. J., Zittis, G., Chfadi, T. (2024): 

Severe droughts in North Africa: A review of drivers, 

impacts and management. Earth-Science Reviews, 

104701. 

Tsesmelis, D. E., Leveidioti, I., Karavitis, C. A., 

Kalogeropoulos, K., Vasilakou, C. G., Tsatsaris, A., 

Zervas, E. (2023): Spatiotemporal application of the 

standardized precipitation index (SPI) in the eastern 

Mediterranean. Climate, vol. 11, no. 5, 95. 

Vicente-Serrano, S., Beguería, S., López-Moreno, J. (2010): 

A multi-scalar drought index sensitive to global warming:  

 

The standardized precipitation evapotranspiration index-

SPEI. J. Clim. Vol. 23, 1696–1718.  

Vicente-Serrano, S. M., Quiring, S. M., Peña-Gallardo, M., 

Yuan, S., Domínguez-Castro, F. (2020): A review of 

environmental droughts: Increased risk under global 

warming. Earth-Science Reviews, vol. 201, 102953. 

Weisman, R. A. (1985): The 1980-81 Drought in Southeastern 

New York. American meteorological society, vol. 66, no. 

7,788-794. 

Wilcoxon, F. (1945): Individual comparisons by ranking 

methods. Biometrics Bulletin, vol. 1, no. 6, 80–83. 

Wilhite, D. A. (2020): Drought as a natural hazard: concepts 

and definitions. D.A. Wilhite (Ed.), Droughts: Global 

Assessment, Routledge, London (2000), 3-18 

Worku, M. A. (2024): Spatiotemporal analysis of drought 

severity using SPI and SPEI: case study of semi-arid 

Borana area, southern Ethiopia. Frontiers in 

Environmental Science, vol. 12, 1337190. 

World Bank (2014): Turn down the heat: confronting the new 

climate normal Washington, DC: World Bank. Licence: 

CC BY-NC-ND 3.0 IGO. 

http://documents.worldbank.org/curated/en/31730146824

2098870/Main-report. 

Zhang, Q., Li, J., Singh, V. P., Bai, Y. (2012): SPI-based 

evaluation of drought events in Xinjiang, China. Natural 

Hazards, vol. 64, 481-492. 

Zeroual, A., Assani, A., Meddi, M. (2017): Combined analysis 

of temperature and rainfall variability as they relate to 

climate indices in Northern Algeria over the 1972-2013 

Period. Hydrol Res, vol. 48, 584-595. 

Ziari, A., Medjerab, A. (2024): Impact of Drought in 

Northeastern Algeria: Comparative Study of the SPI and 

SPEI Índices. Revista de GestãoSocialeAmbiental, vol. 

18, no. 9, e06591-e06591. 

 

 

 

 

 

Laounia Nehal, PhD 

Research on Biological Systems and Geomatics Laboratory  

University Mustapha Stambouli of Mascara 

BP 305 Mamounia 

29000, Mascara  

Algeria 

 

 

Khadidja Semari, PhD (* corresponding author, e mail: semari_khadidja@yahoo.fr) 

Naouel Bouregba, PhD 

Laboratory of Water Sciences and Techniques  

University Mustapha Stambouli of Mascara 

BP 305 Mamounia Street 

29000, Mascara  

Algeria 

 

 

Malika Abbes, PhD 

Hydrometeorological Institute for Training and Research 

Bp 7019  Ibnou Rochd 

Oran 

Algeria 

 

 

 


