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Abstract. In last decades, the impact of climate change started to appear in the semi-arid regions of the Mediter-
ranean Basin. The severity and frequency of drought events in Northwestern Algeria have affected water re-
sources availability and agriculture. This study aims to evaluate the temporal evolution of drought events char-
acteristics, such as drought duration, frequency and severity, of the Beni Bahdel Dam catchment, Northwestern
Algeria. Drought characteristics have been derived from the Standardized precipitation index (SPI) computed for
the period from 1941 to 2100 using precipitation data from observations and simulations of the regional climate
model RCA4 (Rossby Centre Atmosphere model, version 4). The RCA4 model was forced by the global circu-
lation model MPI-ESM-LR under two Representative Concentration Pathways (RCPs) scenarios. The ability of
the model simulations was firstly assessed to reproduce the drought characteristics from observed data (1951–
2005). Then, future changes in drought characteristics over the twenty-first century were investigated under the
two scenarios (RCP4.5 and RCP8.5). Results show an amplification of drought frequencies and durations in the
future under the RCP8.5 scenario.

1 Introduction

In last decades, the impact of climate change started to ap-
pear in the Mediterranean basin. This change have caused
enormous socio-economic damages, including water scarcity
and drawdown of groundwater levels that has put rain-fed
crops at risk. Marcos-Garcia et al. (2017) reported an in-
crease in drought severity and duration in the southern part
of the Mediterranean basin in the second half of the 20th cen-
tury. Several studies also published drying trends in the West-
ern Mediterranean region starting at different times, i.e. from
the mid-1920’s to 1950 and since the mid-1970’s (Brunet et
al., 2007; Zeroual et al., 2019). The vast plains of the west-
ern region of Algeria are an important agricultural produc-
tion and farming zone. However, the Northwestern Algeria
is particularly vulnerable area to climate change (Achour et
al., 2020; Bouabdelli et al., 2020; Meddi et al., 2010; Ze-
roual et al., 2017). The severity and frequency of drought
events in this region have affected water resources availabil-

ity and agriculture and the trends to drier conditions seem
to intensify. The western plains have suffered from a dras-
tic reduction of rainfall by about 30 % since 1975 (Meddi
et al., 2010). This reduction caused negative impacts on wa-
ter resources availability in several periods. The Beni Bahdel
Dam, which is principally designed for the irrigation of the
western plains and drinking supply, has attained its mini-
mum level in several years failing to satisfy the water de-
mand. This situation likely will intensify in the future, where
there is consensus in projections by the International Panel
on Climate Change (IPCC) about future decreases in rain-
fall (Christensen et al., 2007). Zeroual et al. (2019) have also
confirmed this for the Northwestern part of the country us-
ing the output of 15 regional climate models (RCMs), as part
of the CORDEX-Africa program (Coordinated Regional cli-
mate Downscaling Experiment). The climate in Northwest-
ern Algeria was humid in 1951, semi-arid since 1973 and
it is projected to be arid in 2100. Bouabdelli et al. (2020)
also found that hydrological drought risk determined with
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frequency analysis likely will rise especially under RCP8.5
with higher severities and durations.

The above issues motivate this study, which is aimed to
assess drought occurrence during the last decades and inves-
tigate their projected changes under future climate. The re-
sults can be helpful to establish an accurate warning tool for
drought monitoring over the Beni Bahdel Dam catchment.

2 Material and methods

In this study, the Standardized Precipitation Index (SPI), Mc-
kee et al. (1993) accumulated over 12 months was used to
characterize drought events. The SPI-12 is considered to be
an approximation of the state of the surface water volume
(dams) and the groundwater level (aquifers) (Khan et al.,
2008). The observed precipitation data used for this are com-
ing from the Beni Bahdel basin located in the Northwest Al-
geria (Fig. 1). These data cover the period 1941–2010 and
have a monthly time step. We used the computation proce-
dure for SPI as defined by Mckee et al. (1993). For drought
events characteristics, the period, during which the SPI value
is continuously negative and reaches at least value of (−1)
or less is defined by Dracup et al. (1980) as drought du-
ration (D). The absolute sum of SPI values during this pe-
riod (D) was called drought severity (S) or drought magni-
tude (Shiau, 2006).

We have also used in this study, simulations of the re-
gional climate model RCA4 of SMHI at the horizontal reso-
lution of roughly 0.44◦, forced by the MPI-ESM-LR global
circulation model and turned on the African region (Jones
et al., 2011). The Simulated monthly precipitation data are
provided by the CORDEX-Africa (Coordinated Regional
climate Downscaling Experiment) initiative of the CMIP5
project for the World Climate Research Program (Giorgi et
al., 2009).

Once the time series of the monthly precipitation were ex-
tracted from RCA4-MPI-ESM-LR model from 1951 to 2100,
we proceeded to the future changes in drought characteris-
tics according to the two following stages: the first step is to
evaluate the ability of the RCA4-MPI-ESM-LR model simu-
lations to capture drought events characteristics derived from
the monthly observed precipitation, including, severity (S)
and duration (D) during the period from 1951 to 2005. We
should note here that for this comparison, the monthly pre-
cipitation was not bias corrected. As a second step, we cal-
culate the SPI-12 series and their characteristics for the far
future (2045–2100) based on the projected monthly precipi-
tation, under the two RCP scenarios (RCP4.5 and RCP8.5).
The monthly-modeled precipitation used in this step has been
corrected using the quantile–quantile (QQ) bias correction
algorithm (Teutschbein and Seibert, 2012). The mathemati-
cal equations of the quantile–quantile (QQ) bias correction
algorithm are detailed in Teutschbein and Seibert (2012).

Table 1. Number and mean severity and duration of drought events,
and maximum severity and duration.

Number D S D S

of mean mean max max
events (month) (month)

Observed
25 14.04 11.75 59 68

1951–2005

Historical
30 10.69 8.95 59 75

1951–2005

Observed
36 11.36 9.11 59 68

1941–2010

RCP4.5
38 10.34 8.92 47 63

2045–2100

RCP8.5
49 7.45 8.4 58 70

2045–2100

3 Results and discussion

The drought duration and severity have been derived from
SPI-12 time series. Results are shown for the observed
period 1941–2010 (Fig. 2a). As can be seen, there is
trends towards dry conditions in the meteorological records
since 1970, i.e. more negative SPI-12 values. The Beni
Bahdel basin has experienced more severe drought episodes
with longer durations since mid-1970s. The drought events
attained its maximum severities during the periods 1982–
1987 and 1995–2003.

Table 1 presents the number of drought events, the mean
and maximum values of the duration and the severity of
past and future drought events. The Beni Bahdel basin ex-
perienced 36 meteorological drought episodes; the maxi-
mum duration was 59 months for the drought that started
in June 1996. The drought with the maximum severity (68)
started in December 1981.

For the historical period, the SPI-12 data derived from
the RCA4-MPI-ESM-LR climate model show similar dry-
ing trend in the period 1951–2005. Compared to the ob-
served data, the model overestimates the number of drought
events (30 versus 25 observed events) but with less sever-
ity (8.95 versus 11.75) and duration events (10.69 versus
14.04 months) (Table 1). In addition, the model underesti-
mated the median of the annual precipitation by 15 %. These
results confirm the importance of noise investigation and bias
correction in climate simulations (Alderlieste et al., 2014).

We should note that, for the future period, the SPI-12 ob-
tained from the model simulation are calculated after bias
correction for the two scenarios.

In the future, the number of drought events is predicted to
remain about equal (38 months, RCP4.5). The mean num-
ber events under the most pessimistic scenario (RCP8.5) is
projected to rise to 49 months, which means an increase by
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Figure 1. Location of the Beni Bahdel Dam catchment.

Figure 2. Temporal variation of meteorological drought (SPI 12) in
the Beni Bahdel Dam catchment. (a) SPI-12 derived from observed
precipitation (1941–2010), and (b, c) SPI-12 derived from the pro-
jected precipitation by the RCA4-MPI-ESM-LR climate model for
the RCP4.5 and RCP8.5 scenario, respectively, period 2045–2100.

36 %. The maximum duration is expected to hardly change
under the RCP8.5 scenario (58 months) or even to de-
cline (RCP4.5).

The future SPI-12 are presented in Fig. 2b and c for the two
RCP scenarios. Results show that the drought severity and
duration likely will intensify in the future period, especially
under the RCP8.5 scenario.

4 Conclusions

The temporal evolution of drought events using the SPI-
12 was analyzed for the period from 1941 to 2100 in the
Beni Bahdel Dam catchement situated in the Northwest of
Algeria. The SPI12 was calculated from the oberved rain-
fall (1941–2005) and from the RCA4-MPI-ESM-LR climate
model (1951–2100). The SPI-12 derived from the observa-
tions shows that there has been a clear drying trend in the
past, particularly since the mid 1970s. The climate model
predicts an increase of the mean number, severity and the
duration of the drought events in the future under the most
pessimistic scenario of greenhouse gas emissions (RCP8.5).
Under the RCP4.5 scenario the drought is projected to remain
about the same, or even will become less extreme. The cur-
rent drought episodes experienced in the Beni Bahdel basin
and the anticipated increase of these dry trends in the future
under the extreme emissions sceanrio will cause numerous
challenges, particularly to esnure food safety in Algeria. This
finding must be taken into account in the elaboration of fu-
ture socio-economic plans of the developement.

Data availability. The in-situ data are provided from the Alge-
rian National Agency of Water Resources (ANRH). The pro-
jected data from RCA4-MPI-ESM-LR are provided from Coordi-
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nated Regional climate Downscaling Experiment modeling groups
over Africa https://esg-dn1.nsc.liu.se/search/cordex/ (last access:
23 June 2018) (SMHI, 2018).
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