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Abstract

Drought poses significant environmental and socio-economic challenges in Mediterranean countries such as Algeria, where
rain-fed agriculture dominates, and climate change exacerbates water scarcity. In this paper, an investigation of meteoro-
logical drought in Northern Algeria in the period 1950-2022 was carried out focusing on its spatiotemporal characteristics.
The analysis focuses on drought events identification through the Standardized Precipitation Index (SPI), calculated at
several timescales with the run theory methodology. Using the Copernicus Climate Change Service high-resolution ERAS-
Land monthly data set, SPI values were computed across 3,983 grid points to derive key drought characteristics, including
frequency, and maximum duration values, severity, and intensity. An additional analysis was carried out to detect possible
temporal tendencies in the SPI across multiple time scales, ranging from short to long term. The findings reveal that while
drought frequency remains relatively consistent across timescales, shorter-term droughts exhibit lower maximum duration
and severity compared to longer-term events. In addition, maximum drought intensity tends to decrease as the SPI timescale
increases. The spatial granularity offered by the ERA5-Land data significantly enhances the precision of drought characteriza-
tion compared to traditional rain gauge networks, which are often unevenly distributed. Finally, a decrease in the 6- and the
12-month SPI values, meaning more severe droughts, has been identified in the north-western area. These insights underscore
the importance of scale-dependent analysis in drought assessment, and support more informed water resource planning and
climate adaptation strategies for vulnerable regions like Northern Algeria.
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Introduction

Drought in the Mediterranean basin has been extensively
researched, given the area’s high vulnerability to climate
change (e.g. Buttafuoco et al. 2018; Merabti et al. 2018).
Studies have evidenced more recurrent, longer and extreme
drought in the Mediterranean basin (Spinoni et al. 2014);
similarly, a substantial decrease in summer precipitation and
rising temperatures have also been highlighted (Giorgi and
Lionello 2008). These drying patterns are associated with
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stronger anticyclonic systems and a change in the Atlantic
storm tracks, moving toward the north. Projected future cli-
mate scenarios for North Africa suggest a rise in drought
severity caused by ongoing climate change and declining
precipitation levels (Balting et al. 2021; Driouech et al.
2020).

Drought is a phenomenon occurring when precipitation
levels fall below the norm with devastating consequences
on the environment and communities (Svoboda et al. 2012),
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especially when its duration is prolonged over an entire sea-
son. Furthermore, drought is considered a regional phenom-
enon owing to the diverse climatic characteristics of regions,
where it occurs (Buttafuoco and Caloiero 2014). It is also
historically proven that the types and duration of drought
can vary. For these reasons, drought has been classified in
different ways (Merabti et al. 2023). Most commonly, four
types of droughts have been identified (Zargar et al. 2011):
meteorological (temporary precipitation deficits), hydrologi-
cal (reduced surface and groundwater resources), agricul-
tural (lack of water for crop production), and socio-economic
(impacts related to water demand and usage in society).

Within such a framework, the present paper aims to inves-
tigate hydrological basins in Northern Algeria. According
to the FAO Water Reports No. 45 (FAO 2018), droughts in
Northern Algeria have reduced dam reserves, depleted rural
water sources, increased water salinity, and lowered grain
and fodder yields. The 1945-1947 drought devastated the
Ain Sefra region, with nearly 90% of cattle lost, 900,000
sheep perishing, and 3,000 fatalities from starvation out of a
population of 80,000. The year 1966 saw the region’s second
lowest rainfall amount since 1945, causing crop shortage and
agricultural losses. In addition, several dry spells occurred,
remarkably in 1910-1920, 1939-1948, and 1973-1992. The
latter period, marked by extreme dryness, severely affected
water resources, agriculture, and local populations, leading
to social unrest, wildfires, and famine.

Demmak (1982) compared rainfall data from 1974 to
1992 with those from 1913 to 1963, highlighting a trend
toward drier conditions in the more recent period, even
though isolated dry years occurred earlier as well (e.g., 1913
and 1940).

Such precipitation shortages has brought about major
challenges, such as drinking and irrigation water scarcity
(Khaldi 2005).

Since the 1980s, Northern Algeria has experienced
multiple severe droughts (Achite et al. 2024a). Significant
drought examples include: a prolonged and severe drought
in the 1980s, which caused widespread agricultural losses,
water shortages with crop failures, livestock death, and
communities struggling to access water for sustenance and
agriculture; the 1990s one with a considerable reduction in
crop yield, particularly non-irrigated farming. Hydric stress
intensified, with decreased reservoir and underground water
levels; in 2003, exceptional heat caused drought followed
by harsh water insufficiencies across Northern Algeria and
areas in Europe (Ciais et al. 2005; Rebetez et al. 2006). This
event resulted in diminished crop productivity, food supply
shortages, and elevated staple crop prices, further intensify-
ing both domestic and agricultural water demands.

A widely utilized tool in the analysis of prolonged dry
conditions is the SPI. It measures precipitation deficits,
offering a consistent measure of drought severity (McKee
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et al. 1993). Its widespread use stems from its normalization,
which allows for consistent evaluation across different loca-
tions and timeframes (Wu et al. 2007). The WMO (2006)
endorses the SPI as a drought indicator. Shorter timeframes
are applied to meteorological and agricultural droughts,
while longer time scales focus on hydrological droughts
and water resource impacts (Mishra and Singh 2010). The
SPI’s simplicity, reliance solely on precipitation data, and
flexibility across multiple timescales make it an invaluable
tool for drought assessment (Lloyd-Hughes and Saunders
2002; Hayes et al. 1999).

This study utilizes the SPI to assess the spatial and tem-
poral drought variations over Northern Algeria from 1950
to 2022, utilizing the ERAS5-Land monthly data set. Unlike
ground-based observations from Algeria’s National Hydrau-
lic Resources Agency (ANRH), the ERAS-Land data set pro-
vides comprehensive, homogenized data covering the entire
northern region. This approach enables a detailed assess-
ment of the drought frequency, and of the maximum values
of severity, intensity, and duration over 73 years. Thus, the
current paper sets out to validate the different behaviour of
the drought characteristics for different SPI timescales, and
to identify possible trends in the SPI values to detect drought-
prone areas. The innovative aspect of this investigation lies in
its integration of the run theory with high-resolution ERAS5-
Land data to overcome the limitations posed by previous
gauge-based studies. Therefore, this study offers a fresh
understanding of drought behaviour in a climate-vulnerable
region. These findings have important effects on sectors, such
as agriculture, water resource management, disaster prepar-
edness, and socio-economic planning in Northern Algeria
and similar semi-arid regions. By identifying drought risks
and patterns, this research aims to support decision makers in
mitigating water shortages, enhancing resilience, and imple-
menting effective strategies for drought-prone regions.

Study area

The study area, i.e., 16 basins of North of Algeria, presents
peculiar geographical and topographical conditions, which
cause precipitation and temperature to vary significantly. The
period July to October corresponds to the dry season, whereas
rainfall mostly occurs between October and April (Ghenim
and Megnounif 2016), typical of Mediterranean climates,
where winters are mild and wet, and summers dry and hot.
The selected 16 basins of Northern Algeria span an area
of 294,700 km?. These basins are geographically delineated
by the Mediterranean Sea to the north, the Moroccan border
to the west, the Tunisian border to the east, and the Sahara
Desert forming the southern boundary. This region boasts
a diverse landscape, featuring 1200 km of coasts along the
Mediterranean Sea, two Atlas Mountain ranges whose peaks
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reaching 1000-1800 m above sea level, respectively, as well
as vast high plateaus and plains (Fig. 1 and Table 1).

Materials and methods

Drought occurrences across Northern Algeria have been
examined in this section through the analysis of precipitation
data across 3,983 grid points over an extended time series. A
flowchart has been added as Supplementary Material to help
the reader to understand the steps of the research (Figure S1).

The ERA5-Land reanalysis

The ERAS5-Land reanalysis data set offers high-resolu-
tion climate data for multiple climate parameters. In this
research, the data set has been employed to evaluate SPI val-
ues to characterize drought patterns in terms of frequency,
severity, duration, and intensity across several catchments in
Northern Algeria. The data set delivers a consistent repre-
sentation of land variables over numerous years, with a 9 km
(0.08°) heightened spatial resolution. Readers may refer to
Muiioz-Sabater et al. (2021) for further details.

Table 1 Selected basins in Northern Algeria

Basin code Basin name

01 Cheliff basin

02 Algerian coastal basin

03 Constantine coastal basin
04 Oran coastal basin

05 El Hodna basin

06 Melrhir Chott basin

07 Constantine high plateaus basin
08 Ech Chergui Chott basin
09 Isser basin

10 Kebir Rhumel basin

11 Macta basin

12 Medjerda Mellegue basin
14 Seybous basin

15 Soummam basin

16 Tafna basin

17 Zahrez basin
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Fig. 1 Northern Algeria catchment map, with numbers indicating hydrological basin codes based on the ANRH classification system
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The present analysis covers monthly data (January 1,
1950-December 31, 2022) encompassing 73 years over 3983
grid points. The comprehensive data set is invaluable for under-
standing climate variability, particularly regarding heat and rain-
fall, for hydrological and water resource studies in the region
under analysis. Because the availability of observed rainfall data
is limited, uneven distribution, and the incomplete nature of
archival records in the predominantly desert study area, ERAS-
Land values are used directly without applying post-processing
algorithms or comparisons with rain gauge measurements. At
any rate, Ceppi et al. (2025) recently validated the ERA5-Land
data set’s accuracy in representing rainfall over the study area.

The SPl index

Based on Angelidis et al. (2012), to calculate the SPI, the
gamma function has been used to fit the historical precipita-
tion data, and its parameters have been estimated for every
month and aggregation considering the Thom’s (1958)
approximation. Moreover, after adjusting the cumulative
distribution function (CDF) of the gamma distribution, to
properly handle zero precipitation values in the data set, the
new CDF is converted into a standard normal distribution
(Abramowitz and Stegun 1970):

+c it + cyf?
SPI=—<t U L )

1+ dit+dor? + dy

r= ln< 12> for 0 < H(x) = 0.5
(H(x))

(1)
sPl=+(1— co+c1t+62t2 ’
1 +dt+d,> +dy8?
1 @)
=4/In <—2> for 0.5 < Hx) =1
(1 -HX)

Table 2 SPI value-based climate classification and their occurrence
probability

SPI value Class Probability (%)
SP1>2.0 Extremely wet 2.3
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 341
—1.0<SPI<0.0 Mild drought 34.1
—-1.5<SPIL-1.0 Moderate drought 9.2
—-2.0<SPI<-1.5 Severe drought 4.4
SPI< -2.00 Extreme drought 2.3
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where ¢; and d; (with i=0, 1 and 2 and j=1, 2 and 3) are
constants.

The SPI classification is applied to classify both wet and
dry period periods, as Table 2 evidences.

The run theory

The run theory, introduced by Yevjevich (1967), offers an
objective and statistically rigorous approach to the evalu-
ation of drought events and it is, therefore, paramount for
drought analysis. At its core, the theory provides a struc-
tured way to define and analyse sequences of hydrological
data, such as rainfall or streamflow, falling below a prede-
termined threshold. This is particularly useful in detecting
the beginning and end of droughts, which can often be chal-
lenging to identify precisely without a systematic approach.
Rather than relying on visual inspection or arbitrary judg-
ment, run theory offers a consistent method for determining
drought periods based on well-defined criteria. What makes
run theory especially powerful is its capacity to quantify
key characteristics of droughts. By identifying continuous
sequences (or “runs”) of low values, the method allows for
the calculation of important metrics, such as drought dura-
tion, frequency, and deficit volume. These parameters are
not only useful for research analysis; they are fundamental
for practical water resource management and risk planning.
In fact, understanding the frequency of droughts, about how
long they typically last, and how severe they are, can inform
policies, infrastructure design, and emergency response
strategies. Furthermore, the run theory relies on probabilistic
principles, enabling a statistical treatment of drought data.
This is valuable for modelling drought behaviour, estimat-
ing recurrence intervals, and evaluating the likelihood of
future events, essential for long-term planning and design-
ing systems resilient to climate variability. The statistical
framework allows drought analysis in the context of risk and
uncertainty, rather than as isolated historical events.
Another strength of the run theory lies in its adaptability.
It can be applied across various types of hydrological data,
whether it is precipitation, streamflow, or soil moisture, and
the threshold used to define a drought can be tailored to dif-
ferent environmental or operational contexts. This flexibility
makes it suitable for diverse regions and climate conditions.
Finally, since the run theory is a standardized and reproduci-
ble method, it facilitates meaningful comparisons of drought
characteristics across different regions and time periods.
This comparative capability is increasingly important as
we seek to understand how climate change may be altering
drought patterns globally. By applying a consistent analyti-
cal framework, researchers and policymakers can draw more
accurate conclusions about trends, vulnerabilities, and the
effectiveness of mitigation strategies. Figure 2 illustrates the
use of the run theory applied to a specific threshold level.
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In this work an SPI threshold of —1 has been considered
to identify drought events, focusing exclusively on moderate
and extreme categories, as mild droughts are often consid-
ered part of normal conditions. As a result, any event with
SPI value falling below (or above) —1 is considered a run,
provided it lasts at least 1 month. Values above or below
the threshold characterize positive (wet periods) or nega-
tive (dry periods) runs, respectively (Caloiero et al. 2021).
Once the runs are identified, several drought features are
examined. Drought duration (DD) denotes the consistent
time length of below-the-threshold values, time length can
be weekly, monthly, yearly or custom measured. Drought
frequency (DF) results from the percentage of dry spells
over the investigation period. Drought severity (DS) is rep-
resented by the accumulated drought values for each event.
The DS to DD ratio for every single event determines the
Drought intensity (DI).

In the present paper, various time-scale SPI series (3, 6,
12, and 24 months) are used to calculate the drought dura-
tion, maximum values, severity, and intensity based on the
run theory; as a result, DD is expressed in months, while DS
and DI are dimensionless.

Trend analysis

To identify trends in time series data, the non-parametric
Mann—Kendall test is frequently utilized due to its robust-
ness and reliability (Mann 1945; Kendall 1962). It evaluates
whether there is a consistent trend (upward or downward)
without requiring the data to follow a specific distribution.
This test is widely applied in environmental and climate
studies to assess the sign and the significance of trends over
time. In particular, in this study, to assess the presence of a
trend, a two-sided test has been applied considering a sig-
nificance level equal to 95%.

Results

The number of grid points with lower-than -1 SPI values,
for every month and time aggregation over the observation
period, is illustrated in Fig. 3. The yellow, orange and red
lines represent the thresholds corresponding to the 70%, 80%
and 90% of the grid points, respectively.

In general, dry events are observed every 10 years for all
time aggregations, with a notable increase in frequency and
extent from 1980 onward, when several peaks exceeding the
90% threshold are recorded. Specifically, for the 3-month
SPI, drought conditions affected more than 90% of the grid
points in several years before 1980 (i.e., 1954, 1956, 1960,
and 1964), but also in 2002, 2016, and especially in 2000,
when drought conditions were widespread across the whole
study area in March. For the 6-month SPI, many drought
events exceeding the three thresholds have been identified.
In particular, more than 90% of the grid points experienced
drought conditions in 1954, 1956, 1958, 1962, 1964, 1997,
2001, and 2008, thus confirming the results obtained for
the 3-month SPI. For both the 12-month and 24-month SPI,
the period from 2000 to 2002 stands out as the one when
the thresholds were exceeded the most. In particular, 1957,
1962, 1983, 2000, and 2002 were the years when drought
characterised more than 90% of the grid points for the
12-month SPI. From 2000 onward, including 2001, 2002,
2021, and 2022, similar percentages were observed for the
24-month SPL

Figure 4 presents a synthesis of the DF and of the maxi-
mum values of DD, DS, and DI for every time aggregation.
Box plots offer a concise visual summary of how drought
characteristics vary across space and time. For example, in
aregion like Northern Algeria, which spans coastal, moun-
tainous, and semi-arid zones, the distribution of drought
duration or severity may differ significantly from one sub-
region to another. A box plot allows these differences to

Fig.2 Example of the run + Run Runs sum (Deficit)
theory to evaluate drought char- A
acteristics for a fixed threshold
3
2
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Fig.3 Number of grid points showing drought conditions. The yellow, orange and red lines represent the thresholds corresponding to the 70%,

80% and 90% of the grid points, respectively

be seen at a glance by displaying the median, interquartile
range, and potential outliers in each zone. This is especially
important when dealing with data derived from ERAS5-Land,
which offers detailed spatial and temporal information. A
simple average might obscure local extremes, whereas a
box plot reveals the full range of variability. Moreover, to
highlight the areas most frequently affected by drought, the
drought characteristics were spatially distributed across the
basins of Northern Algeria (Figs. 5, 6, 7, and 8). The maps
facilitate the identification of patterns and anomalies in the
data. For example, if a particular region consistently exhibits
longer drought durations or larger deficit volumes, this may
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indicate greater vulnerability or increased climate sensitiv-
ity. Such insights are essential for regional water manage-
ment strategies, as they assist decision makers in prioritizing
areas for targeted intervention or infrastructure development.
The mean DF values do not reveal significant variances
among the various time scales (from about 16.2% to about
15.4%, for the 3- and the 24-month SPI, respectively); how-
ever, different ranges are apparent among the various scales.
In effect, DF values range between 13.1% and 18.4% are
present for the 3-month SPI; on the other hand, DF values
range between 10 and 20% for 24-month SPI (Fig. 4).
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and the maximum values

Spatially, the drought frequency significantly differs
across the basins and for the different time scales consid-
ered (Fig. 5). In fact, for the 3-month SPI the highest DF
values have been identified in the eastern side of the inves-
tigated area, in particular in the Melrhir Chott (ID 06) and
the E1 Hodna (ID 05) basins, but also in the Cheliff basin
(ID 01). As regards the 6-month SPI, the highest frequen-
cies have been detected in the Seybous (ID 14) and the Ech
Chergui Chott (ID 08) basins, placed in the northeastern

and in the southwestern sides of the study area, respec-
tively. The 12-month SPI displayed an analogous behavior
than the 6-month SPI, with the western side of the region
featuring the highest drought events frequency of drought
events involving especially the Macta (ID 11) and the Ech
Chergui Chott (ID 08) basins. The 24-month SPI presented
both the highest and the lowest DF values, with the first
ones involving the mountain areas of the Melrhir Chott
basin (ID 06) and the latter the southern area of the same
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basin and the Cheliff (ID 01), the Oran coastal (ID 04) and
the Tafna (ID 16) basins (Fig. 5).

MDD statistics evidence that the 3-month SPI has
the lowest values, while 24-month SPI has the high-
est. The analysis revealed a mean and maximum MDD
of 6 and 12 months, respectively, in Northern Alge-
ria in the 3-month SPI observation period, whereas 18
and 55 months, respectively, have been observed for the
24-month SPI (Fig. 4).

The spatial analysis showed that for the 3- and 6-month
SPI the MDD did not reveal any particular behaviour
(Fig. 6). In contrast, the 12- and 24-month SPI spatial dis-
tribution of the MDD allowed us to identify the areas in
which the longest drought events occur. In fact, the MDD
maximum values have been detected in the south—west of
Northern Algeria, and specifically in the Ech Chergui Chott
basin (ID8) for the 12-month SPI, and in the whole western
side for the 24-month SPI. In particular, this latter outcome
mainly involved the Ech Chergui Chott (ID8), the Macta (ID
11) and the Cheliff (ID 01) basins (Fig. 6).

MDS displayed a similar behaviour to MDD at differ-
ent time scales, with average values spanning between 11.1
(3-month SPI) and more than 57 (24-month SPI). Fur-
thermore, in the case of the MDS the larger the time span
the wider the spread, minimum and the maximum values
in the range between more than 7 and about 17.5 for the
3-month SPI, and between more than 24 and about 110 for
the 24-month SPI (Fig. 4).

The similar behaviour between MDD and MDS has been
also identified by performing the spatial analysis of the MDS
values. In fact, the short-time SPI did not show any particu-
lar behaviour of the MDS, while the western side of the
region has been identified as the one with the highest sever-
ity values for the long-time SPI (Fig. 7). Specifically, the Ech
Chergui Chott basin (ID8), showed the highest MDS values
for both the 12- and the 24-month SPI, while the Macta (ID
11) and the Cheliff (ID 01) catchments presented the highest
severity for the 24-month SPI (Fig. 7).

Spain "

Mediterranean Sea

Spain /
{ Mediterranean Sea

Algeria S

Morocco ‘> Algeria ‘\\ Morocco Algeria ‘\\
4 Nl .
0 75 150 300 450 600 3-monthSPI |0 75 150 300 450 600 6-month SPI
-_— - K _-— T il
P N B N
Spain W<€%E Spain ! W%E
Mediterranean Sea { Mediterranean Sea

Morocco Morocco \) Algeria ~
— \\ — 5 N
0 75 150 300 450 600 12-month SPI [0 75 150 300 450 600 24-month SPI
B <m0 Ja2e3 [ 4o [ 167 [ (-8
OF vz [ Jre-1e [ts-t6 []17-1s

Fig.5 Spatial distribution of DF over Northern Algeria

@ Springer



Euro-Mediterranean Journal for Environmental Integration

Morocco

Algeria

0 75 150 300 450 603

Spain W%E
Mediterranean Sea

\/\// Tunisia

O N {
L 2, é
N "
/),\J j///
- N L - 4 = }
< /IL/‘/ = 20 a J//Tunisia
] e 7 \ /(/
L// - B —
Morocco Algeria
75 150 300 450 eo}gv 6-month SPI

3-month SPI

N

Spain W+E
Mediterranean Sea

S

BN NGy P—

PV o1 o BN et
/fgfm“l{iz%—/ e &cv \f%ﬁj 37

=
Nl

e

Spain W%E
Mediterranean Sea

Spain W<$>E
Mediterranean Sea

Morocco Algeria Morocco Algeria
0 75 150 300 450 600 12-month SPI 75 150 300 450 600 24-month SPI
—-— Ki e} Ki
B <s [ J1o-15 [ ]20-25 [ 30-35 >40
MDDDs-m [ J15-20 [ 25-30 35-40

Fig. 6 Spatial distribution of MDD over Northern Algeria

Finally, the various time scale revealed a slight decrease
in the MDI values, whose mean values are between 1.83 and
2.33 for the 24- and the 3-month SPI, respectively (Fig. 4).

Spatially, both the short- and the long-time SPI did not
show any particular behaviour of the MDI, with only the
Zahrez basin (ID 17) showed relevant results for the 3-month
SPI (Fig. 8).

Figures 9 and 10 show the main findings of the MK test
applied to the 6- and 12-month SPI values. Specifically, for
the 6-month SPI, two distinct periods were analysed: the
dry season (spring and summer) and the wet season (autumn
and winter).

As a result, a decrease in the SPI values, meaning more
severity droughts, has been identified in the northwestern
side of the study area for both the 6- and the 12-month SPIL.
A further decrease has also been identified in the southeast-
ern part of the watershed but only for the 6-month SPI dur-
ing the wet period. These results are particularly important,
because these areas are not interested by the highest values
of the drought characteristics. This means that in the future

drought may hit the areas that have not suffered from it until
the present day.

Discussion

One reason why the SPI remains highly suitable for this
kind of investigation is that, despite its simplicity, it is
statistically robust. It turns rainfall data into a normalized
distribution, enabling the comparison of drought severity
across different climates, from arid to humid zones, with-
out requiring complex calibration. This makes it especially
useful in regions with varying climatic conditions, such as
Northern Algeria, where temporal and spatial precipita-
tion variability is significant. Moreover, its ability to be
computed over different timescales (e.g., 3, 6, 12, and
24 months) enhances its analytical power. Short timescales
capture meteorological and agricultural drought, while
hydrological or socio-economic impacts are best evalu-
ated through longer timescales. This multi-scale capability
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Fig. 7 Spatial distribution of MDS over Northern Algeria

allows SPI to reflect the duration and cumulative effects
of rainfall deficits, giving it a broader scope than the sim-
plicity of its formula might suggest. Critically, the SPI is
also data efficient. In regions where comprehensive hydro-
logical or soil moisture data is lacking, which is often the
case in developing countries or areas with sparse station
networks, the SPI can still be reliably computed using only
precipitation records. When used with gridded data sets
like ERAS5-Land, it provides even more comprehensive
spatial coverage.

Recent research on meteorological drought in Algeria
has primarily employed the SPI (Berhail et al. 2022; Fellag
et al. 2021; Haied et al. 2023). However, these studies have
been limited to basin-level analyses, lacking a broader per-
spective (e.g. Achite et al. 2024b). Vice versa, this study
examines drought across the entire northern part of Alge-
ria, utilizing the SPI over various aggregation periods.
ERAS5-Land precipitation data, from 1950 to 2022, were
used for this analysis. This gridded data set proved invalu-
able tool due to the lack and inconsistency of land-based

@ Springer
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rainfall observations in the area, a critical consideration
given the region's limited and unevenly distributed natural
water resources.

The time trends examination in terms of grid points
with SPI values below —1 percentage highlights the most
important drought events that have gradually affected this
area, especially since approximately 1980. This escalation
aligns with a marked rainfall reduction observed from the
late 1970s, as noted in literature (e.g., Meddi et al. 2014),
and during the early 2000s, reflecting broader Mediterranean
patterns (Hoerling et al. 2012). These drought conditions
have significantly affected farming and water resources,
resulting in worse crop output and heightened pressure on
water supplies.

Findings from the run method highlighted the western
region of the study area as Northern Algeria's most drought-
vulnerable zone, considering the different drought character-
istics and the different SPI time scales. These results agree
with past studies such as the ones by Taibi and Souag (2011)
and by Derdous et al. (2021) that identified the northwestern
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and central highland regions of Algeria as the ones affected
by severe droughts.

Finally, it should be noted that numerous studies have
sought to identify the climatic factors associated with
droughts. Research by Derdous et al. (2020), Zeroual et al.
(2017), Taibi et al. (2017), Hallouz et al. (2020), and Caloi-
ero and Veltri (2019) has shown that rainfall and drought in
Mediterranean regions are closely influenced by large-scale
atmospheric circulation patterns. These include the West-
ern Mediterranean Oscillation (WeMO), the Mediterranean
Oscillation (MO), the El Nifio Southern Oscillation (ENSO),
and in particular the North Atlantic Oscillation (NAO)
(Caloiero et al. 2018). In Algeria, these indices, particularly
the NAO, exhibit a negative correlation with precipitation
(Meddi et al. 2014).

As regards the comparison with studies using alterna-
tive drought indices rather than SPI, the results of this
study highlight a considerable increase in drought fre-
quency and extent from the 1980s onward across North-
ern Algeria. These results are in line with those obtained

using other drought indices including the Palmer Drought
Severity Index (PDSI) and the Standardized Precipitation
Evapotranspiration Index (SPEI), though some key dif-
ferences emerge due to the presence of temperature and
evapotranspiration in those indices. For instance, Safi
et al. (2020) applied the SPEI across Northern Algeria.
As aresult, they also observed a significant rise in drought
severity and frequency post-1980, particularly in the west-
ern and southwestern regions. These areas correspond
to those identified in this SPI-based analysis as those
experiencing long and severe droughts (e.g., Ech Cher-
gui Chott and Macta basins). The SPEI results attributed
these patterns not only to precipitation deficits but also
to increased evapotranspiration linked to rising tempera-
tures. Similarly, Vicente-Serrano et al. (2014) conducted a
multi-scalar drought assessment using both SPI and SPEI
across the Mediterranean Basin and found that, while SPI
effectively captures meteorological droughts, SPEI detects
more severe droughts in recent decades due to tempera-
ture-driven increases in evaporative demand. This supports
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the higher severity seen in recent years (e.g., 2000-2002,
2021-2022) in both the SPI and the SPEI studies, though
SPEI typically registers slightly greater intensity. In addi-
tion, Touchan et al. (2011) used tree-ring data and the
PDSI to reconstruct historical droughts in North Africa
and reported significant multi-annual droughts in the mid-
twentieth century, consistent with the 1954, 1956, and
1964 events highlighted by the 3- and 6-month SPI in this
study. While the PDSI is more sensitive to soil moisture
and long-term droughts, its patterns of prolonged drought
phases support the temporal persistence captured by the
24-month SPI.

Conclusions
This paper aimed to explore some of the principal features

(frequency, and maximum values of duration, severity,
and intensity) of the drought events in the northern part

@ Springer

of Algeria. Here, periods of severe drought have occurred,
affecting the environment and farming, as well as depleting
water supplies, especially since the 1980s. Specifically, in
this paper the period 1950 —2022 was analysed through the
use of the SPI evaluated from the ERAS5-Land data set at
different timescales. Results clearly indicated that consider-
ing the 3- and the 6-month SPI, which refer to how drought
affects plant life and farming, it is likely that various short
and low severity drought events may occur. By contrast,
when considering the 12- and 24-month SPI (which pro-
vide significant insights for water resource management),
the Algerian territory may experience few yet more severe
drought events, in particular the western part of Northern
Algeria. These outcomes highlight the critical need for
comprehensive adaptation strategies, paired with reliable
drought forecasting and monitoring tools.

This study offer valuable understanding of the spatial and
temporal behaviour of drought in Northern Algeria, a region
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increasingly susceptible to climate extremes. By analysing
long-term trends using the SPI derived from the ERA5-Land
data set, the study not only enhances the understanding of
drought behavior at multiple timescales but also underscores
the growing need for scale-specific adaptation strategies.
The findings contribute to scientific knowledge by illustrat-
ing how drought characteristics differ between agricultural
and hydrological contexts, offering a framework that can be
applied in other semi-arid and Mediterranean regions world-
wide. Globally, this work aligns with international efforts to
improve drought resilience when facing climate challenges,
particularly in regions dependent on rain-fed agriculture and
limited water resources. By bridging data-driven analysis
with practical implications for drought monitoring and risk
management, the study supports broader objectives under
frameworks, such as the UN Sustainable Development Goals
(SDGs), especially those related to climate action, food
security, and sustainable water use.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s41207-025-00848-5.

Data availability Data sets generated during the current study are avail-
able from the corresponding author on reasonable request.

Declarations

Conflict of interest All authors have no conflicts of interest.

References

Abramowitz M, Stegun IA (1970) Handbook of mathematical functions
with formulas, graphs, and mathematical tables. Dover Publica-
tions Inc, New York

Achite M, Simsek O, Sankaran A et al (2024a) Analyzing the dynami-
cal relationships between meteorological and hydrological drought
of Wadi Mina basin, Algeria using a novel multiscale framework.
Stoch Environ Res Risk Assess 38:1935-1953. https://doi.org/10.
1007/s00477-024-02663-w

Achite M, Bazrafshan O, Pakdaman Z et al (2024b) Uncertainty analy-
sis of SPI and SRI calculation using bootstrap in the Mediterra-
nean regions of Algeria. Nat Hazards 120:11031-11061. https://
doi.org/10.1007/s11069-024-06642-w

Angelidis P, Maris F, Kotsovinos N, Hrissanthou V (2012) Computa-
tion of drought index SPI with Alternative Distribution Func-
tions. Water Resour Manag 26:2453-2473. https://doi.org/10.
1007/s11269-012-0026-0

Balting DF, AghaKouchak A, Lohmann G et al (2021) Northern Hemi-
sphere drought risk in a warming climate. Npj Clim Atmos Sci
4:61. https://doi.org/10.1038/s41612-021-00218-2

Berhail S, Tourki M, Merrouche I et al (2022) Geo-statistical assess-
ment of meteorological drought in the context of climate change:
case of the Macta basin (Northwest of Algeria). Model Earth Syst
Environ 8:81-101. https://doi.org/10.1007/s40808-020-01055-7

Buttafuoco G, Caloiero T (2014) Drought events at different timescales
in southern Italy (Calabria). J Maps 10:529-537. https://doi.org/
10.1080/17445647.2014.891267

Buttafuoco G, Caloiero T, Ricca N, Guagliardi I (2018) Assessment
of drought and its uncertainty in a southern Italy area (Calabria
region). Measurement 113:205-210. https://doi.org/10.1016/j.
measurement.2017.08.007

Caloiero T, Veltri S (2019) Drought assessment in the Sardinia Region
(Italy) during 1922-2011 using the standardized precipitation
index. Pure Appl Geophys 176:925-935. https://doi.org/10.1007/
$00024-018-2008-5

Caloiero T, Veltri S, Caloiero P, Frustaci F (2018) Drought Analysis
in Europe and in the Mediterranean Basin Using the Standardized

@ Springer


https://doi.org/10.1007/s41207-025-00848-5
https://doi.org/10.1007/s00477-024-02663-w
https://doi.org/10.1007/s00477-024-02663-w
https://doi.org/10.1007/s11069-024-06642-w
https://doi.org/10.1007/s11069-024-06642-w
https://doi.org/10.1007/s11269-012-0026-0
https://doi.org/10.1007/s11269-012-0026-0
https://doi.org/10.1038/s41612-021-00218-2
https://doi.org/10.1007/s40808-020-01055-7
https://doi.org/10.1080/17445647.2014.891267
https://doi.org/10.1080/17445647.2014.891267
https://doi.org/10.1016/j.measurement.2017.08.007
https://doi.org/10.1016/j.measurement.2017.08.007
https://doi.org/10.1007/s00024-018-2008-5
https://doi.org/10.1007/s00024-018-2008-5

Euro-Mediterranean Journal for Environmental Integration

Precipitation Index. Water 10:1043. https://doi.org/10.3390/
w10081043

Caloiero T, Caroletti GN, Coscarelli R (2021) IMERG-based meteoro-
logical drought analysis over Italy. Climate 9:65. https://doi.org/
10.3390/c1i9040065

Ceppi A, Achite M, Toubal AK et al (2025) Mapping drought character-
istics in northern Algerian Basins using the ERAS5-Land dataset.
Sci Rep 15:10720. https://doi.org/10.1038/s41598-025-95418-8

Ciais P, Reichstein M, Viovy N et al (2005) Europe-wide reduction
in primary productivity caused by the heat and drought in 2003.
Nature 437:529-533. https://doi.org/10.1038/nature03972

Demmak A (1982) Contribution a 1’étude de 1’érosion et des transports
solides en Algérie septentrionale. Thése de Docteur Ingénieur,
université de Pierre et Marie Curie, Paris XI

Derdous O, Bouguerra H, Tachi SE, Bouamrane A (2020) A monitor-
ing of the spatial and temporal evolutions of aridity in northern
Algeria. Theor Appl Climatol 142:1191-1198. https://doi.org/10.
1007/500704-020-03339-5

Derdous O, Bouamrane A, Mrad D (2021) Spatiotemporal analysis
of meteorological drought in a Mediterranean dry land: case of
the Cheliff basin—Algeria. Model Earth Syst Environ 7:135-143.
https://doi.org/10.1007/s40808-020-00951-2

Driouech F, EIRhaz K, Moufouma-Okia W et al (2020) Assessing
future changes of climate extreme events in the CORDEX-MENA
region using regional climate model ALADIN-climate. Earth Syst
Environ 4:477-492. https://doi.org/10.1007/s41748-020-00169-3

FAO (2018) Drought characteristics Drought characteristics and man-
agement in North Africa and the Near East North Africa and the
Near East. FAO Water Rep 45:266p

Fellag M, Achite M, Walega A (2021) Spatial-temporal characteriza-
tion of meteorological drought using the Standardized precipita-
tion index. Case study in Algeria. Acta Sci Pol Form Circumiectus
20:19-31. https://doi.org/10.15576/ASP.FC/2021.20.1.19

Ghenim AN, Megnounif A (2016) Variability and trend of annual
maximum daily rainfall in northern Algeria. Int Geophys J
2016:6820397. https://doi.org/10.1155/2016/6820397

Giorgi F, Lionello P (2008) Climate change projections for the Medi-
terranean region. Glob Planet Chang 63:90-104. https://doi.org/
10.1016/j.gloplacha.2007.09.005

Haied N, Foufou A, Khadri S, Boussaid A, Azlaoui M, Bougherira N
(2023) Spatial and temporal assessment of drought hazard, vul-
nerability and risk in three different climatic zones in Algeria
using two commonly used meteorological indices. Sustainability
15:7803. https://doi.org/10.3390/su15107803

Hallouz F, Meddi M, Mahé G, Rahmani SA, Karahacane H, Brahimi
S (2020) Analysis of meteorological drought sequences at vari-
ous timescales in semi-arid climate: case of the Cheliff water-
shed (northwest of Algeria). Arab J Geosci 13:1-15. https://doi.
org/10.1007/s12517-020-5256-5

Hayes MJ, Svoboda MD, Wilhite DA, Vanyarkho OV (1999) Moni-
toring the 1996 drought using the standardized precipitation
index. Bull Am Meteorol Soc 80:429-438. https://doi.org/10.
1175/1520-0477(1999)080%3c0429:MTDUTS %3¢2.0.CO;2

Hoerling M, Eischeid J, Perlwitz J, Quan X, Zhang T, Pegion
P (2012) On the increased frequency of mediterranean
drought. Jclimate 25:2146-2161. https://doi.org/10.1175/
JCLI-D-11-00296.1

Kendall MG (1962) Rank correlation methods. Hafner, New York

Khaldi A (2005) Impacts de la Sécheresse sur le Régime des Ecoule-
ments Souterrains Dans les Massifs Calcaires de I’Ouest Algérien
“Monts de Tlemcen-Saida”. These de doctorat d’état, Université
d’Oran, Oran, Algérie, p. 239

Lloyd-Hughes B, Saunders MA (2002) A drought climatology for
Europe. Int J Climatol 22:1571-1592. https://doi.org/10.1002/
joc.846

@ Springer

Mann HB (1945) Nonparametric tests against trend. Econometrica
13:245-259. https://doi.org/10.2307/1907187

McKee TB, Doesken NJ, Kleist J (1993) The relationship of drought
frequency and duration to time scales. In: Proceedings of the 8th
conference on applied climatology, Anaheim, CA, USA, 17-22
January 1993; pp. 179-184

Meddi H, Meddi M, Assani AA (2014) Study of drought in seven
Algerian plains. Arab J Sci Eng 39:339-359. https://doi.org/10.
1007/s13369-013-0827-3

Merabti A, Meddi M, Martins DS et al (2018) Comparing SPI and RDI
applied at local scale as influenced by climate. Water Resour Man-
age 32:1071-1085. https://doi.org/10.1007/s11269-017-1855-7

Merabti A, Darouich H, Paredes P, Meddi M, Pereira LS (2023)
Assessing spatial variability and trends of droughts in Eastern
Algeria using SPI, RDI, PDSI, and MedPDSI—a novel drought
index using the FAO56 evapotranspiration method. Water 5:626.
https://doi.org/10.3390/w 15040626

Mishra AK, Singh VP (2010) A review of drought concepts. ] Hydrol
391:202-216. https://doi.org/10.1016/j.jhydrol.2010.07.012

Muiioz-Sabater J, Dutra E, Agusti-Panareda A, Albergel C et al (2021)
ERAS5-Land: a state-of-the-art global reanalysis dataset for land
applications. Earth Syst Sci Data 13:4349-4383. https://doi.org/
10.5194/essd-13-4349-2021

Rebetez M, Mayer H, Dupont O et al (2006) Heat and drought 2003 in
Europe: a climate synthesis. Ann for Sci 63:569-577. https://doi.
org/10.1051/forest:2006043

Safi A, Toumi J, Touati R (2020) Evaluation of meteorological drought
variability in Algeria using SPEI. Atmosphere 11:482. https://doi.
org/10.3390/atmos 11050482

Spinoni J, Naumann G, Carrao H, Barbosa P, Vogt J (2014) World
drought frequency, duration, and severity for 1951-2010. Int J
Climatol 34:2792-2804. https://doi.org/10.1002/joc.3875

Svoboda M, Hayes M, Wood D (2012) Standardized precipitation
index: User Guide. WMO-N°1090. Geneva

Taibi S, Meddi M, Mahé G, Assani A (2017) Relationships between
atmospheric circulation indices and rainfall in Northern Alge-
ria and comparison of observed and RCM-generated rainfall.
Theor Appl Climatol 127:241-257. https://doi.org/10.1007/
s00704-015-1626-4

Taibi S, Souag D (2011) Regionalization of drought in northern Algeria
using a standardized precipitation index (1936-2010). In: From
prediction to prevention of hydrological risk in Mediterranean
countries. 4th international workshop on hydrological extremes.
University of Calabria, Cosenza, Italy, pp 169-182

Thom HCS (1958) A note on the gamma distribution. Mon Weather
Rev 86:117-122. https://doi.org/10.1175/1520-0493(1958)086%
3c0117:ANOTGD%3e2.0.CO;2

Touchan R, Anchukaitis KJ, Meko DM et al (2011) Spatiotempo-
ral drought variability in northwestern Africa over the last
nine centuries. Clim Dyn 37:237-252. https://doi.org/10.1007/
500382-010-0804-4

Vicente-Serrano SM, Begueria S, Lorenzo-Lacruz J et al (2014) Perfor-
mance of drought indices for ecological, agricultural, and hydro-
logical applications. J Clim 27:682-704. https://doi.org/10.1175/
JCLI-D-13-00039.1

WMO (2006) Drought monitoring and early warning: concepts, pro-
gress and future challenges, WMO-No. 1006. World Meteorologi-
cal Organization, Geneva, p 26

Wu H, Svoboda MD, Hayes MJ, Wilhite DA, Wen F (2007) Appro-
priate application of the standardized precipitation index in arid
locations and dry seasons. Int J Climatol 27:65-79. https://doi.
org/10.1002/joc.1371

Yevjevich V (1967) An objective approach to definitions and investiga-
tion of continental hydrologic droughts. In: Hydrology paper 23;
Colorado State University: Fort Collins, CO, USA


https://doi.org/10.3390/w10081043
https://doi.org/10.3390/w10081043
https://doi.org/10.3390/cli9040065
https://doi.org/10.3390/cli9040065
https://doi.org/10.1038/s41598-025-95418-8
https://doi.org/10.1038/nature03972
https://doi.org/10.1007/s00704-020-03339-5
https://doi.org/10.1007/s00704-020-03339-5
https://doi.org/10.1007/s40808-020-00951-2
https://doi.org/10.1007/s41748-020-00169-3
https://doi.org/10.15576/ASP.FC/2021.20.1.19
https://doi.org/10.1155/2016/6820397
https://doi.org/10.1016/j.gloplacha.2007.09.005
https://doi.org/10.1016/j.gloplacha.2007.09.005
https://doi.org/10.3390/su15107803
https://doi.org/10.1007/s12517-020-5256-5
https://doi.org/10.1007/s12517-020-5256-5
https://doi.org/10.1175/1520-0477(1999)080%3c0429:MTDUTS%3e2.0.CO;2
https://doi.org/10.1175/1520-0477(1999)080%3c0429:MTDUTS%3e2.0.CO;2
https://doi.org/10.1175/JCLI-D-11-00296.1
https://doi.org/10.1175/JCLI-D-11-00296.1
https://doi.org/10.1002/joc.846
https://doi.org/10.1002/joc.846
https://doi.org/10.2307/1907187
https://doi.org/10.1007/s13369-013-0827-3
https://doi.org/10.1007/s13369-013-0827-3
https://doi.org/10.1007/s11269-017-1855-7
https://doi.org/10.3390/w15040626
https://doi.org/10.1016/j.jhydrol.2010.07.012
https://doi.org/10.5194/essd-13-4349-2021
https://doi.org/10.5194/essd-13-4349-2021
https://doi.org/10.1051/forest:2006043
https://doi.org/10.1051/forest:2006043
https://doi.org/10.3390/atmos11050482
https://doi.org/10.3390/atmos11050482
https://doi.org/10.1002/joc.3875
https://doi.org/10.1007/s00704-015-1626-4
https://doi.org/10.1007/s00704-015-1626-4
https://doi.org/10.1175/1520-0493(1958)086%3c0117:ANOTGD%3e2.0.CO;2
https://doi.org/10.1175/1520-0493(1958)086%3c0117:ANOTGD%3e2.0.CO;2
https://doi.org/10.1007/s00382-010-0804-4
https://doi.org/10.1007/s00382-010-0804-4
https://doi.org/10.1175/JCLI-D-13-00039.1
https://doi.org/10.1175/JCLI-D-13-00039.1
https://doi.org/10.1002/joc.1371
https://doi.org/10.1002/joc.1371

Euro-Mediterranean Journal for Environmental Integration

Zargar A, Sadiq R, Naser B, Khan FI (2011) A review of drought
indices. Environ Rev 19:333-349. https://www.jstor.org/stable/
envirevi.19.333

Zeroual A, Assani AA, Meddi M (2017) Combined analysis of tem-
perature and rainfall variability as they relate to climate indices in
northern Algeria over the 1972-2013 period. Hydrol Res 48:584—
595. https://doi.org/10.2166/nh.2016.244

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://www.jstor.org/stable/envirevi.19.333
https://www.jstor.org/stable/envirevi.19.333
https://doi.org/10.2166/nh.2016.244

	Multi-scale analysis of drought events in Northern Algeria based on ERA5-Land SPI data
	Abstract
	Introduction
	Study area
	Materials and methods
	The ERA5-Land reanalysis
	The SPI index
	The run theory
	Trend analysis

	Results
	Discussion
	Conclusions
	References


