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Mapping drought characteristics in
northern Algerian Basins using the
ERA5-Land dataset

A. Ceppi*™, M. Achite?, A. K. Toubal? & T. Caloiero®

Over the past decades, drought events have led to significant agricultural losses and water shortages
in the Algerian catchments; these hydro-meteorological phenomena strongly affect the entire
Mediterranean region, and its frequency and intensity may increase due to climate change. The
purpose of this study is to investigate drought conditions in the northern region of Algeria using the
standardized precipitation index (SPI) at different monthly scales (3, 6, 12, 24 months), calculated
through the ERA5-Land monthly dataset, which provides a much more detailed mapping of drought
vulnerability across the country compared to observed rain gauge data, whose ground distribution

is sparse and whose data archive is neither homogeneous nor complete for the study area. The

main characteristics of drought events (e.g., quantity, duration, severity, and intensity), that have
historically affected several hydrological basins in the northern part of the nation, are examined using
the run theory applied to SPI values from 1950 to 2022. Although a high number of occurrences appear
at shorter timescales, the results indicate that these episodes generally have shorter durations and
lower severity compared to long-timescale droughts. Specifically, a decrease in the average number
of drought events as the timescale increases is found: from 69 events for the 3-month SPI, with an
average duration of about 2 months, to 17 events for the 24-month SPI, with an average duration

of approximately 8 months. By analysing the spatial and temporal distribution of drought features,
this approach aims to identify areas experiencing water stress and support more effective water
management and mitigation strategies.
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Abbreviations

FAO Food and Agriculture Organization
SPI Standardized precipitation index
WMO World Meteorological Organization

ECMWE  European Centre for Medium-Range Weather Forecasts
ANRH National Hydraulic Resources Agency

DD Drought duration

ADD Average drought duration
DS Drought severity

ADS Average drought severity
DI Drought intensity

ADI Average drought intensity
N Number of drought events

According to Svoboda et al.l, drought is an insidious plague that arises from a decrease in precipitation from
levels considered normal. When the phenomenon lasts for a whole season, or for a longer period, water
shortages affect the environment and human activities. Hence, drought must be considered a relative rather
than an absolute state, and it is indeed mainly a regional scale phenomenon, since each area has its own climatic
characteristics”®. Historically, these events can occur in different ways and time intervals; for this reason,
numerous drought classifications have been proposed®. One of the most common considers four various types
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of droughts?, i.e., meteorological (temporary lower-than-average precipitation), hydrological (scarcity in surface
and subsurface water supplies), agricultural (water shortage compared to typical needs for crops irrigation), and
socio-economic (referred to as global water consumption). In the territories located within the Mediterranean
basin, a region highly vulnerable to climate change, several studies have focused on droughts (e.g.,**). Spinoni
et al.° reported a significant increase in drought frequency, duration, and severity in the Mediterranean region,
while Giorgi and Lionello” found a pronounced decrease in precipitation associated with a noticeable warming,
mainly in the summer season. This drying condition is associated with an increased anticyclonic circulation,
which yields progressively stable conditions, and a northward shift of Atlantic storm tracks. Future projections
over north African regions exposed to the Mediterranean Sea suggest that such events will likely become more
frequent due to climate change and precipitation deficits®°.

In this context, the present study focuses on numerous hydrological catchments in northern Algeria where
several drought and precipitation analyses have already been carried out in the past!’. For instance, Demmak!!
compared rainfall departures from the average in the period 1974-1992 with the one from 1913 to 1963, and
he found drier conditions in the recent period, although some years were as dry as in the early series (e.g., 1913
and 1940). These rainfall deficits caused serious socio-economic problems, and anticipated future shortages that
led to an increasing pressure on the scarce Algerian water resources, particularly, for drinking and irrigation
supplies'?.

According to the FAO water document number 45', the effects of drought mostly affect the northern
Algeria region, lowering dam water reserves, depleting rural drinking water sources, raising the salinity of water
retentions, and reducing grain and fodder production. According to government reports, Algeria went through
a devastating drought from 1945 to 1947. Nearly 90% of the cattle in the Ain Sefra region, south of Oran,
perished, with 900,000 sheep destroyed and around 3000 people (out of a population of 80,000) starving to
death. The lowest rainfall that Algeria had seen since 1945 occurred in early 1966, 20 years later, leading to poor
crop germination and production loss. Between 1922 and 1992, there were multiple dry spells in the north,
including 1910-1920, 1939-1948, and 1973-1992. They were marked by severe social unrest, wildfires, and
starvation. The years 1973-1992, in particular, were extremely dry, having a negative effect on water resources
due to decreased flows into dam storages, drops in groundwater levels, and dry springs and shallow wells. In
the last 4 decades, multiple extreme and severe drought events hit the northern Algerian areas with significant
impacts on agriculture, water resources, and local population!®. In particular, it is worth noting: (i the drought
in the 1980s which saw a prolonged and severe period in the north of the country: crop failures and livestock
losses were reported, and communities faced challenges in accessing sufficient water for domestic and irrigation
purposes; (i) the drought in the 1990s, another notable period affecting the north of Algeria and other regions
of the country; this drought led to significant decline in agricultural production, particularly in rain-fed
agriculture. Water scarcity became a concern with reduced availability in reservoirs and groundwater sources;
(#ii) the drought of the exceptionally warm year 2003 when the north of Algeria, and even other regions in
Europe!>!, experienced severe water shortages with devastating impacts on agriculture and water resources.
The lack of precipitation resulted in reduced crop yields, food famines, and increased prices of staple crops
leading to challenges in meeting domestic and agricultural water demands.

To evaluate drought assessment and trends, several drought indices have been used in literature, such as
the SPI, standardized precipitation-evapotranspiration index (SPEI), percentile index (PI), palmer drought
severity index (PDSI), rainfall anomaly index (RAI), combined drought indicator (CDI), standardized runoff
index (SRI), standardized soil moisture index (SSI), and vegetation condition index (VCI). Due to their large
variety, selecting the most appropriate index has been a key subject in recent research!’~1°. This selection process
also depends on the purpose of the drought analysis, which is often used as an indicator for risk assessment
and design purposes?»?!. Based on the existing literature, the SPI and SPEI are the most commonly and widely
used indices??. In this study, the SPI is chosen for its straightforward and simple approach since it relies only on
precipitation data to calculate drought characteristics.

Originally developed by McKee et al.?, it quantifies precipitation deficits and surpluses relative to the long-
term climatological average, providing a standardized measure of drought severity. The SPI is widely accepted
and applied throughout the world in both research and on the field, because it is normalized to a specific location
and time, thus allowing researchers to determine the rarity of a current drought event as well as the probability
of precipitation necessary to end that given drought?*. Nowadays, the World Meteorological Organization?® also
recommends it as drought indicator. The SPI is based on the probability of accumulated precipitation for different
time scales representing various types of drought: i.e., shorter time scales are used to assess meteorological
droughts, and are often applied to agricultural ones too, whereas larger time scales are more suitable to describe
hydrological and water resource droughts®®. The probability of the observed precipitation is then transformed
into an index enabling the evaluation of drought severity, and, potentially, offering an early warning for drought
or assessing the influences of climate change?-3!. The SPI can be considered a robust and effective clue for
evaluating meteorological droughts, and it remains a very popular choice among researchers to reveal dry
periods and to estimate the duration and intensity of drought events®. The SPI has, in fact, several advantages:
firstly, it is based on rainfall data only,consequently, in absence of other hydro-meteorological measurements,
drought assessment is still possible. Secondly, the SPI can be used to quantify precipitation deficit for multiple
timescales, making it possible to evaluate drought conditions in meteorological, hydrological and agriculture
applications. Finally, the standardization of the SPI index ensures that the frequency of extreme drought events
at any location and timescale is approximately constant®>>**,

Therefore, the SPI is here used to detail spatial and temporal variations of droughts, based on monthly
records for the period 1950-2022 using the ERA5-Land monthly dataset over several hydrological basins in the
north region of Algeria. This territory was the subject of various rainfall and drought studies, although mostly
dedicated to the north-western areas, and rarely to north-east of the country, where several authors®>-37 reported
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a decrease in precipitation totals. The idea to use the ERA5-Land spatially distributed gridded dataset, rather
than the instrumental ground observations coming from the National Hydraulic Resources Agency (ANRH),
is to cover the whole northern area with a complete and homogenized database to overall assess the number,
severity, intensity and duration of droughts in a 73-year record.

The characterization of the SPI index proposed in this study aims to provide valuable information for various
sectors, including economy, agriculture, water resource management, social-ecological systems, and disaster
preparedness. In particular, it can help decision-makers and stakeholders understand drought conditions,
estimate risks, plan for potential water shortages, and implement appropriate mitigation strategies over strategic
basins of the country.

Study area

The study area is located in the northern part of Algeria, and it includes sixteen basins (Table S1, in the
Supplementary Material): Cheliff, Algerian Coastal, Constantine Coastal, Oran Coastal, El-Hodna, Melrhir
Chott, Constantine High Plateaus, Ech Chergui Chott, Isser, Kebir Rhumel, Macta, Medjerda Mellegue, Seybous,
Soummam, Tafna, and Zahrez. This region extends from 2° 15’ 13” W to 8° 40’ 10” E and from 37° 7’ 2" N to 32°
42" 4" N: it is delimited to the north by the Mediterranean Sea, to the west by Morocco, to the east by Tunisia,
and to the south by the Sahara Desert (Fig. 1).

Northern Algeria offers a rich mosaic of landscapes due to its 1200 km of Mediterranean coastline, its twin
Atlas Mountain chains with high altitudes, and its extensive high plateaus and plains, with different land cover
characteristics (as shown in Table S2 and Figure S1 in the Supplementary Material). The region, with a total area
of approximately 294,700 km?, represents about 19.46% of the country.

Due to its geographic location and complex topography, the research area exhibits substantial spatial
variability in precipitation and temperature. In fact, Algeria is subject to unfavourable hydro-climatic conditions,
typically of arid and semi-arid regions, characterized by climate that varies from south to north: desert in the
south Sahara, a semi-arid continental on the high plateaus, and Mediterranean along the northern fringe of the
country, marked by harsh winters, torrential and irregular rainfall, and hot, dry summers. This dry season in
northern Algeria lasts from July to October with most of the precipitation amount between October and April®8,
a common characteristic of the Mediterranean, with mild, wet winters and hot, dry summers.

8°E
s P3N
36°N{ - faeN
357N +35°N
34°N+ F34°N
ongd) 01 Cheliff basin Legend | nno
33°N 02 Algerian coastal basin * 33°N
03 Constantine coastal basin Town center
04 Oran coastal basin
05 £l Hodna basin []Basin boundary
06 Melrhir Chott basin
07 Constantine high plateaus basin water su rfa ce
2] 0 G ot b — Main wadi b oon
= {10 Kebir Rhumel basin . - -
11 Macta basin | ngh'zsls m
12 Medjerda Mellegue basin
» iﬁzm;'??,'l.n Low:-70 m
16 Tafna basin
— 17 Zahrez basin ; 240
stk 0 -25-50---100---150- - - 200 ' oI
‘ : - — —
2°W 1"W 0° 1°E 2°E 3°E 4°E 5°E 6°E 7°E 8°E
Fig. 1. Geographical map (elaborated with the ArcGIS® software) of the northern Algerian catchments; the
numbers identify the code of the hydrological basin according to the ANRH classification.
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Furthermore, the hydrological regimes are dominated by extremely irregular seasonal and inter-annual
flows, violent and rapid flooding, and significant erosion and sediment transport. The investigated basins are
characterized by predominantly marly geological formations, impermeable soils, accentuated relief, and sparse
plant cover. The groundwater in the north is practically at the limits of its exploitation, and surface water, which
accounts for two-thirds of the country’s resources, remains irregular, making it difficult to withdraw considerable
volumes. Although resource scarcity is a reality, this problem is exacerbated by poor spatial distribution of water
resources and the mismatch between supply and demand, requiring major water transfers to meet the needs of
less well-endowed regions. Additional challenges include the seasonal and inter-annual irregularity of runoff,
the silting up of dams, and enormous water losses due to aging infrastructure and poor management. Thus, the
distribution of water resources across the country is closely linked to rainfall patterns, which exhibit a gradient of
variation from east to west and from north to south. Figure 2 shows the precipitation data over the investigated
hydrological basins in the period 1950-2022 calculated with the ERA5-Land dataset. In particular, accumulated
precipitation follows a latitudinal distribution with higher records around 1000 mm in a year in northeastern
basins, close to the Mediterranean Sea, while, moving south, average yearly rainfall dramatically drops to desert
values, lower than 200 mm. However, significant variabilities in precipitation from year to year may be present,
leading to various periods of drought which are here evaluated thought the SPI index and characterized at
catchment scale.

Materials and methods

In this section, a detailed overview of the employed dataset and associated methodology to evaluate climatological
data is provided. The SPI is used to characterize drought conditions in the north of Algeria by analysing 3983
grid points for a long series of precipitation data.

The ERA5-Land reanalysis
The ERA5-Land dataset, developed by the European Centre for Medium-Range Weather Forecasts (ECMWF)
under the framework of the Copernicus Climate Change Service Programme, provides high-quality reanalysis
data for various climate variables, including precipitation. This dataset is here applied to analyse the SPI values,
which provide insights into the severity, intensity, and duration of drought conditions in northern Algerian
catchments. The ERA5-Land is a reanalysis database with a consistent view of the evolution of land variables for
several decades at an enhanced spatial resolution of 9 km (0.08°). For a detailed description of the ERA5-Land
dataset, the reader can refer to Mufioz-Sabater et al.*®, and the online documentation: https://confluence.ecmwf
.int/display/CKB/ERA5-Land%3A+data+documentation, accessed on 1 December 2023.

In this paper, we analyse all values at monthly time scale from 1 January 1950 until 31 December 2022, i.e.,
73 years of data are considered. Indeed, it is a complete archive, useful to understand climate variability, mainly
in terms of temperature and precipitation for hydrological purposes and water resources over the investigated
area. In addition, since the ground distribution of observed rainfall is scarce in the investigated territory, mostly
under desert conditions, and the available historical data are not homogenous and complete, the ERA5-Land
values are here used as they stand, without any post-processing algorithm; however, a comparison with existing
rainfall series is added in the Supplementary Material section.
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Fig. 2. Yearly average precipitation in the 1950-2022 period over northern Algeria using the ERA5-Land
dataset; the map was elaborated with the ArcGIS® software.
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The SPlindex

Following Angelidis et al.*’ in the SPI calculation, the gamma function is considered as the most appropriate
equation in fitting the frequency distribution of the accumulated precipitation at each time scale. Consequently,
for each month of the year and for each time aggregation, the shape and scale parameters are estimated using the
approximation of Thom*!. Moreover, in order to consider the zero values that occurred in the sample set, since
the gamma distribution is undefined for a null rainfall amount, a modified cumulative distribution function
(CDF) is used (Eq. 1):

H(z)=q+(1-q) G(z), (1)

where G(x) is the CDE and g is the probability of zero precipitation, given by the ratio between the number of
zero in the rainfall series () and the number of observations ().

Afterwards, by using the approximate conversion provided by Abramowitz and Stegun?, the CDF is changed
into the standard normal distribution (Egs. 2 and 3):

co + c1t + cot? 1
=SPI=—|t- t=q|In{——=] f H (x) < 0. 2
e ( 1+d1t+d2t2+d3t3)’ n((H(x))2> or 0 <H(x) <05, @

co + cit + cat? 1
— SPJI = — =4y/In| —— f . H <1 3
z=9 +(t 1+d1t+d2t2+d3t3>’t \/n((l—H(x))2> or05<H() <1, G

where Cp Cp Cp dl, dz and d3 are mathematical constants.
Although the first SPI classification referred to drought periods only, nowadays the SPI is also used in the

classification of wet periods as reported in Table 1.

The run theory

The run theory was first proposed by Yevjevich®®, and it is still considered one of the most effective methods in
the analysis of time series*!. It refers to the occurrence of similar events, like droughts, and makes it possible to
describe each episode by assessing some characteristics such as duration, severity, and intensity. An example of
the run theory for a specified threshold level is shown in Fig. 3. In this paper, the SPI threshold equal to —1 is
selected to consider drought, only from moderate to extreme classes, because mild drought is often classified
as normal conditions. For this reason, all episodes below this threshold are grouped as drought events with a
minimum duration of 1 month.

Afterwards, the drought time series is analyzed using the proposed methodology of the run theory, wherein
consecutive values constantly above or below the threshold are defined as runs. Positive runs are observed when
values remain above this threshold, while negative runs occur when values persistently fall below it*>. Once the
drought events (runs) are identified, various drought characteristics are evaluated. In particular, the drought
duration (DD) refers to the period during which drought values consistently remain below threshold and can be
measured in weeks, months, years, or any other defined period.

DD = (t2 — t1), (4)
where t, and ¢, are the onset and termination time of drought. The average drought duration (ADD) is computed

by summing up the DD for all events and dividing it by the total number of events, denoted by N.
Similarly, the accumulated drought values for each event represent drought severity (DS).

DS = Z: —(sPIL), (5)

where SPI, is the SPI value in the defined time period. The average drought severity (ADS) is obtained by
summing up the DS of all events and dividing it by N.
To assess the drought intensity (DI) for each event, the ratio between DS and DD is computed.

SPI value Class Probability (%)
SPI>2.0 Extremely wet 23
1.5<SPI<2.0 Severely wet 4.4
1.0<SPI<1.5 Moderately wet 9.2
0.0<SPI<1.0 Mildly wet 34.1
-1.0<SPI<0.0 Mild drought 34.1
—-1.5<SPI< -1.0 | Moderate drought | 9.2
—-2.0<SPI< -1.5 | Severe drought 4.4
SPI<-2.00 Extreme drought 23

Table 1. Climate classification according to the SPI values and their probability of occurrence.
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Fig. 3. Example of the drought characteristics evaluated using the run theory for a given threshold level.
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Consequently, the average drought intensity (ADI) is derived by summing up the DI of all events and dividing it
by N. In this study, the SPI series at different temporal scales (3, 6, 12, 24 months) is applied to estimate drought
duration, severity, and intensity using the theory of runs, and, thus, the results express the DD in terms of
months.

Results
This section depicts the main achievements found over the northern area of Algeria. Spatial and temporal
analyses are described for different SPI values to assess drought characteristics in the investigated basins.

First, to evaluate the accuracy of the ERA5-Land dataset in reproducing rainfall across the study area, a
validation is conducted. Among the various metrics commonly applied to assess the skill of rainfall reproduction,
this study uses the Pearson correlation coefficient which is an important measure widely employed in climate
sciences to evaluate data from independent sources, such as rainfall values from gauge stations and reanalysis
datasets?®*’. Since the study area is a data-scarce region, the validation is performed on three rainfall series only,
based on the availability of weather station data, at either monthly or annual scale. The results yield correlation
values higher than 0.5 which are reported in Figure S2 in the Supplementary Material. These findings align with
similar results obtained in other African regions (e.g.,*®), and worldwide (e.g.,*?) in areas with sparse rain gauge
networks where the ERA5-Land dataset has nonetheless proven to be one of the best-performing reanalysis
methods and a valuable tool for assessing climate evolution.

Temporal analysis of drought events

The percentages of grid points with SPI values lower than — 1 for each month in the observation period and for
each temporal aggregation (SPI 3, 6, 12, 24) are illustrated in Fig. 4. Generally, dry events can be identified in
every decade for all the temporal aggregations, but they are more frequent and extensive from 1980 onwards,
when peaks of percentages higher than 90% can be observed. In particular, as regards the 3-month SPI, more
than 90% of grid points showed drought conditions in the years 1954, 1956, 1960, 1964, 2002, 2016 and,
especially 2000 when, in March, all the study area was affected. As regards the 6-month SPI, values lower than
—1 are identified in more than 90% of the grid point in 1954, 1956, 1958, 1962, 1964, 1997, 2001 and 2008. As
regards both the 12-month and 24-month SPIs, the 2000-2002 period was one of the periods with the most
frequent and extensive dry events. In particular, considering the 12-month SPI, more than 90% of the grid points
show drought conditions in 1957, 1962, 1983, 2000 and 2002, while for the 24-month SPI these percentages are
detected from 2000 onwards, in 2001, 2002, 2021 and 2022.

Statistics of the drought characteristics
The statistics associated with different drought characteristics N, ADD, ADS, and ADI are assessed using box
plots (Fig. 5).

Obviously, N decreases with the increase of the time scale. In fact, an average and a maximum of 68 and
84 events, respectively, are detected in the observation period (1950-2022) for the 3-month SPI; instead, as
regards the 24-months SPI, the average and the maximum number of events correspond to 17 and 34 events,
respectively. The statistics of the ADD show an opposite behavior than N, with the lowest values corresponding
to the 3-month SPI, and the highest to the 24-month SPI. Moreover, different spreads are evident among the
different scales. In fact, while for the 3-month SPI, the ADD does not present a large range of values (between
1.7 and 2.6 months), conversely, for the 24-month SPI, the ADD maximum value is higher than 18 months. A
behavior similar to ADD is detected for the ADS at different temporal scales. The mean ADS value ranges from
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Fig. 4. Time behavior of the percentage of grid points showing SPI values less than — 1.

about 3 (3-month SPI) to 12.5 (24-month SPI). In addition, the ADS spread rises increasing the temporal scale,
with minimum and maximum values ranging from 1.7 to about 4 for the 3-month SPI, and from about 4 to
more than 32 for the 24-month SPL. Finally, there are not many differences in the ADI values among the various
temporal scales, with an average value of about 1.3 months.

Spatial distribution of the drought characteristics

In the following pictures (6, 7, 8, and 9), the spatial distributions about N, ADD, ADS, and ADI are displayed
considering the 3-, 6-, 12-, 24-SPI index values shown in the upper left, upper right, bottom left, and bottom
right corner in each figure, respectively. Regarding the spatial distribution of N (Fig. 6) for the 3-month SPIL, the
highest N values (also higher than 80) are observed in the northern part of the study area: i.e., in the Tafna basin
(ID 16), in the Oran (ID 4), and in the Algerian coastal basins (ID 2). Similar spatial distributions are obtained
for the 6-, 12- and 24-month SPI with the highest N reaching values higher than 60, 40 and 30, especially in the
northeastern side of the study area for the 6-, 12- and 24-month SPI, respectively. As regards the 6-month SPI,
the Oran coastal basin (ID 4), the Tafna basin (ID 16), the Macta basin (ID 11), the Cheliff basin (ID 1), and
the Algerian coastal basin (ID 2) are identified as the mostly affected areas by drought events. In addition to
these latter basins cited for the 6-month SPI, with respect to the 12-month SPI, a high number of drought events
(between 55 and 60) is detected in the Melrhir Chott (ID 6) and El Hodna (ID 5) basins as well. Finally, for the
24-month SPI, only the Cheliff (ID 1) and the Melrhir Chott (ID 6) basins showed remarkable N values (> 30).
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Fig. 5. Characterization through boxplots of the number of drought events (N), average drought duration
(ADD), average drought severity (ADS), and average drought intensity (ADI). The top and bottom of the boxes
are the third and second quartiles, respectively; the band inside the box is the median, and the ends of the
whiskers represent the minimum and maximum of all data.

Concerning the spatial distribution of the ADD (Fig. 7), it is evident that the more frequent episodes are those
with lowest durations; in fact, the areas with the highest ADD are concentrated in the regions presenting the
lowest N values. In particular, the 3- and the 6-month SPI show the highest ADD (more than 2.5 and 3.5 months,
respectively) mainly in the eastern part of the study area: i.e., in the Melrhir Chott (ID 6), the Constantine high
plateaus (ID 7), the Medjerda Mellegue (ID 12), and in the Seybous (ID 14) basins. On the contrary, for the
12- (greater than 6.5) and 24-month SPI (greater than 14) the highest ADD are located in the western part of
northern Algeria, in the Tafna (ID 16), the Macta (ID 11), and in the Ech Chergui Chott (ID 8) basins.

The spatial distribution of the ADS (Fig. 8) is very similar to the one of the ADD with the highest ADS values,
mainly in the eastern part of the study area for the 3- (higher than 3.5) and 6-month SPI (higher than 5.5), and
in the western part for the 12- (higher than 10) and 24-month SPI (higher than 18). Differently from the ADD
spatial distribution, high ADS values are also identified in the Tafna (ID 16), the Macta (ID 11), and in the Ech
Chergui Chott (ID 8) basins for the 3-month SPI, while in the Cheliff (ID 1) and in the Constantine coastal
basins (ID 3) for the 24-month SPI.
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Fig. 6. Spatial distribution of the number (N) of drought events over northern Algeria.

As regards the spatial distribution of the ADI values (Fig. 9), the highest ones are localized in small regions
randomly distributed in the study area for almost all the time scales, reaching values higher than 1.55 months™
for the 3- and 6-month SPI, and higher than 1.5 for the 12- and 24-month SPL In particular, the highest ADI
values are mainly identified in the Cheliff basin (ID 1) the 3-month SPI, in the Algerian coastal basin (ID 2) for
the 6-month SPI, and in the Constantine coastal basin (ID 3) for the 12- and 24-month SPI.

Discussion

In most African countries, the agricultural sector is especially susceptible to the negative impacts of drought
hazards. Nearly 80% of all direct consequences of drought fall on this sector, resulting in significant economic
losses and food scarcity for local populations®®>!. In particular, northern Algeria, presenting a Mediterranean
climate, experienced significant variability in precipitation and recurrent drought events that had profound
effects on water resources, agriculture, and socio-economic stability. Therefore, conducting a thorough drought
analysis in this region is essential for developing effective water management strategies and ensuring sustainable
development.

Several studies on meteorological drought in Algeria have been recently carried out using the SPI>*~>*, but
only at the basin scale, without an in-depth investigation at large scale. Differently from the past, in this study,
meteorological droughts are analyzed in the whole northern part of country, using the SPI index throughout
various accumulation periods, namely 3, 6, 12, and 24 months, examining precipitation data coming from the
ERAS5-Land database in the period 1950-2022. This gridded dataset turned out to be a useful tool, since ground
rainfall observations are often unavailable and scarce in the investigated basins to perform an accurate analysis,
especially important in this region with limited and erratically distributed natural water resources.

In addition, the study selected the SPI, which uses only rainfall data to assess drought characteristics, due
to its simplicity and straightforward methodology. The SPT’s main strength lies, in fact, in its well-accepted
probability distribution fitting and the transformation of resulting probabilities to the standard normal
distribution. Its weakness, however, is the treatment of zero-precipitation records, assigning them the probability
of zero precipitation, which can incorrectly classify them as moderately to extremely wet if zero precipitation
is normal for a region®. Although SPEI may lead to more robust drought analysis, particularly in arid regions,
there is an acceptable level of agreement between SPI and SPEI ratings at all timescales®®. Hence, it is reasonable
to assume that the SPI can be used to assess droughts in the study area to make knowledge-driven decisions®’.

The analysis of the temporal behaviour of the percentage of grid points with SPI values less than — 1 allowed
us to identify the major drought events that have increasingly impacted the region, particularly from around
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Fig. 7. Spatial distribution of the average drought duration (ADD) over northern Algeria.

1980 onwards, due to the significant decline in precipitation occurred from the late 1970s, as reported by several
studies (e.g.,*®), and during the first decade of the 2000s, consistent with patterns across the entire Mediterranean
region according to Hoerling et al.*. These conditions had a severe impact on agriculture and water resources,
leading to reduced crop yields and strained water supplies.

The use of the run theory method to analyze meteorological drought better reflects actual water resource
issues. In fact, by analyzing historical values, different drought characteristics (i.e., the number of drought events,
the average drought duration, the average drought severity, and average drought intensity) are investigated
as a tool to assess the impact at different temporal and spatial scales on human activities, such as agriculture
and water resource management in northern Algerian catchments, where water scarcity is an actual concern.
Outcomes of the run method let us to detect the most drought-prone areas in the northern part of the country.
As a result, for various drought features and for different SPI time scales, the Cheliff, the Tafna and the Macta
basins are identified as the main catchments affected by drought. This result is particularly relevant, given
the importance of the watersheds involved. In fact, the Cheliff is the largest river basin in the whole nation.
Supplying water for irrigation and supporting various crops, including cereals, vegetables, and fruits, is crucial
for agricultural activities, but frequent droughts have led to reduce river flow, decrease reservoir levels, and
significant agricultural losses®’. The Tafna is another important basin for local agriculture and water supply, but
it experienced several droughts as well, resulting in reduced water availability for irrigation and domestic use,
amplified by the cross-border water management issues with Morocco®!. The Macta basin and its associated
wetlands are critical for agriculture and biodiversity, even though drought conditions led to significant reductions
in water levels, affecting both agricultural activities and wetland ecosystems®. These findings agree with past
studies that identified some of the most drought-prone areas. Taibi and Souag®® noted that the northwestern
and central highland regions suffered severe droughts during the 1970s and 1980s. Derdous et al.* highlighted
substantial inter-annual rainfall variability in the Cheliff Basin, also in northwestern Algeria. This catchment
underwent a long-wet cycle from 1938 to 1976, which was followed by a prolonged drought one from 1977 to
2008, featuring a rainfall deficit of approximately 20%.

Lastly, it is worth highlighting that numerous investigations have aimed to determine which climatic factors
are connected with droughts. Many researchers®®-% offered evidence that rainfall and drought are strongly
linked to general atmospheric circulation patterns in the Mediterranean regions, such as the El Nifio Southern
Oscillation (ENSO), the Mediterranean Oscillation (MQ), the Western Mediterranean Oscillation (WeMO),
and especially, the North Atlantic Oscillation (NAO) indices®),all these indices are negatively correlated with
precipitation in Algeria®®. Except for the WeMO, all the others are identified as primary atmospheric drivers
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Fig. 8. Spatial distribution of the average drought severity (ADS) over northern Algeria.

for rainfall variability in northwestern Algeria,on the contrary, rainfall and drought variability in northeastern
Algeria did not appear to be associated with any of the recognized atmospheric circulation patterns.

Conclusions
The north of Algeria experienced periods of severe drought in the past, leading to environmental degradation, a
reduction in agricultural activity, and a depletion of water supplies, particularly from 1980 onwards.

The aim of this study was to analyse some of the main characteristics (quantity, duration, severity, and
intensity) of drought events that affected the northern part of the country between 1950 and 2022, using the
SPI values calculated from the ERA5-Land dataset at short (3- and 6-month) and long (12- and 24-month)
timescales. Monthly precipitation data were examined to determine which basins were most affected by droughts
over the last 70 years. This is an essential information, particularly in a dry region, for assessing climate patterns
and human activities such as water resource management and agricultural strategies within the framework of
global warming.

According to the climatological data from the ERA5-Land reanalysis, results clearly indicate that, when
considering the 3- and 6-month SPI, which reflect droughts affecting vegetation and agricultural practices,
several drought episodes could be expected, though they tend to be of short duration and low severity. On
the contrary, when considering the 12- and 24-month SPI, which serve as a broad proxy for water resource
management, fewer but more severe drought events could have an impact on the Algerian territory. Finally,
based on the spatial distribution of drought characteristics, catchment areas facing water stress, such as the
Cheliff, the Tafna, and the Macta, are identified. This highlights the need for a strong adaptation strategy in those
areas, along with reliable monitoring and forecasting systems for drought events.

Further investigations could be conducted to enhance the present drought analysis by detecting additional
drought features such as maximum duration, maximum severity, maximum intensity, and rapidity; this latter
being particularly hazardous for flash droughts. Lastly, analysing decadal climatic predictions, the proposed
methodology could provide drought scenarios to support long-term planning and management over these
Algerian hydrological basins.
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Data availability
The dataset generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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