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Abstract:Our research consists on the one hand to study the
evolution of the rainfall data and the annual and monthly
temperatures observed in the Algiers region and on the other hand to
analyze the sequences of the climatic drought in using statistical
methods such as drought indices. The statistical study of rainfall
series in the Algiers region reveals a large variation of the wet and
the dry years in space and time. The series of measurements of 1967-
2015 are repeated in years of drought (moderate or high). Indeed,
the last three decades (1980, 1990 and 2000) are particularly

precipitation shortage;
Algiers.

concerned by this situation of annual rainfall deficit.

|. Introduction

Since the 1990s, the notion of climate change has
been debating water resources and the risks
associated with them by placing them at the very
heart of the problem [1]. Climate change will affect
water resources through its impact on the quantity,
variability, weather, form and intensity of
precipitation [2].

Algeria is one of the African countries that suffers
from water shortages from one season to another
and from one year to the next [3], in the category of
the poorest countries in terms of water potential [1],
below the theoretical threshold of scarcity set by the
World Bank at 1000 m® per inhabitant per year [4].
The country's water resources are largely dependent
on very irregular and unevenly distributed rainfall
[5].

In most of Africa, drought is the most frequent
climatic disaster. Drought is one of many natural
disasters that develops slowly [6, 7]; It is a
recurrent climatic event occurring in the world and
strongly perceived by Mediterranean countries [8].
Algeria, as one of the Mediterranean countries
mainly located in semi-arid and arid areas, has been
confronted with periodic droughts that are
sometimes severe and persistent [9], during the
1940s and 1970s to the present day [10]. The most

recent has been characterized by its spatial scale
and intensity [11].

Drought is one of the natural disasters that disrupts
the water supply of natural and agricultural
ecosystems and other human activities [12, 13]. Of
all natural disasters, drought causes the greatest
damage [14]. It has no universal definition [15, 16],
there are as many definitions of drought as there are
of water use [17]. Drought is a dry weather
character, which directly influences the terms of the
need-resource balance. It can occur at any time and
at different scales (season, year, and decade) [18].
Wilhite and Glantz in 1985 [19] define drought as a
water deficit of at least one component of the
hydrological cycle. There are traditionally three
types of drought [20, 21]: meteorological droughts
linked to a deficit in cumulative rainfall,
hydrological droughts linked to river flows or
groundwater levels and agricultural or soil droughts
that describe the effect of the first two types of
drought on agricultural production [3]. These types
of drought may not occur simultaneously, but
meteorological drought remains the driving force
behind the others [18]. The meteorological drought
that is the subject of our study is due to natural
reduction or poor distribution or even absence of
precipitation over a given region for one or more
successive years [17, 21-23]. It is often defined by
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the difference between annual rainfall and average
annual rainfall.

The persistent drought that Algeria has suffered for
several decades [24] has been the subject of several
scientific articles, indeed, most or all of the research
on drought and climate change in Algeria has been
based on the northwestern part of the country [10,
11, 29-32].

The Algiers region in central northern Algeria has
suffered greatly in recent decades from water
shortages, which have been exacerbated by rising
global temperatures and significant reductions in
rainfall. However, we have not found any recent
and in-depth scientific work addressing these
worrying precipitation deficits. In order to prevent
extreme meteorological events, we propose to carry
out an in-depth analysis of the annual and monthly
rainfall and air temperature data observed in the
Algiers region (Algiers catchment area) on the one
hand and to identify the characteristics of
meteorological drought and to highlight deficit and
surplus years on the other hand.

1. Methodology

11.1. Presentation of the study area

The Wilaya of Algiers belongs to the sub-basin of
the Algiers in the North of Algeria at an altitude
varied between 2m and 424m, it covers an area of
12 463 Km2 or 26.28% of the total area of the
Algiers-Hodna-Soummam basin [29].

The climate is of a moderate Mediterranean type
[24]. It has low thermal amplitude. The average
annual temperature varies between 16/18°C with
average summer temperatures of about 24°C and
average winter temperatures around 11°C, with the
average annual maximum and minimum monthly
temperatures being 22°C and 11°C respectively
[30]. Interannual rainfall ranges from 670 to 800
mm/year with an exceedance of 100 mm/year in
November, December and January [31].

Humidity is moderate throughout the year with an
average value of 68%. The wind speeds are
generally moderate around 2 m/s but the sirocco
present in the area can have some harmful effects.
The average duration of sunshine in Baraki is about
2,650 hours per year. The reference
evapotranspiration (ETU) estimated by the Penman
formula is 1,189 mm/year at Baraki, with the
highest values occurring from May to September
[30].

11.2. Data (choice of stations and study period)
Climate events in a region can be analyzed using
various indices, which use all precipitation either
alone or in combination with other weather
elements, depending on the type of requirements
[23].

The climatic data used in this study are rainfall and
air temperature. They come from the directories of
the two organizations responsible for the rainfall

network, namely the National Agency for Water
Resources (N.AW.R.)) and the National
Meteorological Office (NMO).

Precipitation is the major element in studying the
temporal and spatial variability of drought [32].
They are easy to measure. For these reasons, most
studies and analyses focus on precipitation much
more than on other climate parameters [33].

The problem with rainfall data in Algeria is the lack
of professional stations; the rainfall data provided
by the National Hydraulic Resources Agency have
occasional shortcomings due, in most cases, to an
interruption in meteorological observations due to
the absence of the observer. After criticism and
homogenization of the data, we are satisfied to
retain 04 rainfall stations (Table 1) for our study
with long observation series and a minimum of
gaps. Missing data are replaced by data from the
nearest stations with the same climatic conditions
and located in the same study area (Figurel).

The annual precipitation of the stations studied (Bir
Morad Rais, Baraki, Mahelma, Dar El Beida)
covers the periods 1967-2009, 1972-2010, 1970-
2012 and 1967-2015 respectively. These data are of
good quality and representative of the study area. In
addition, the temperature series provided by the
NMO for the Dar El Beida station cover the period
1971 to 2015.

The choice of stations and observation periods for
air temperature and precipitation data was made
according to the availability of these data at the
level of the National Meteorological Office and the
National Hydraulic Resources Agency.

11.3. Drought methods and indices used for
drought analysis

Drought is difficult to monitor and many indices
and statistical methods have been proposed to
characterize and identify climate drought and assess
rainfall trends [19, 21, 34-37]. The choice of indices
depends on their reliability to provide results and
data availability, for our study we opted for the
choice of the two indices: the Standardised
Precipitation Index (SPI) and the percent to normal
index (PNI). According to several studies and the
results of the National Workshop (Medenine,
December 25, 2006), these indices are the most
reliable and best adapted to Mediterranean and
Maghreb conditions [38, 39].

The indices used in this study make it possible to
determine the threshold of climate drought, to
establish a classification according to the severity of
the event and its position and to identify the
probability of occurrence of different severity
classes.

11.3.1. The Standard Precipitation Index (SPI)
Worldwide, the Standard Precipitation Index (SPI)
is the most widely used index for understanding the
Magnitude and duration of drought events in both
research and operational mode [40-42].
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Table 1. Characteristics of the climate stations used for this study

Nom et code de la station Alger Dar El Baraki 021421 | Bir Mourad Rais Mahelma
Beida 020611 020509 020511
Lambert system X (Km) 547.35 535.05 531,1 517
geographical
coordinates Y (Km) 379.6 376.5 382,8 376.85
Altitude (m) 25 20 140 150
Observation period 1940-2015 1972-2013 1968-2012 1971-2013
Number of years studied 76 42 45 43
Average rainfall (mm) 708.3 617.83 743.61 623.6
Standard deviation 191.90 177.11 176.50 172.29
Variation coefficient % 27.09 28.7 23.7 27.63
Legend: X: Longitude ; Y: Latitude
Gl ~",’ I 1 N\\ (:\H\
\ | J \ /
5 | / ¢ J ]
» - 4 “ ! / {
N \,:,‘/ \ Ve /_ |
7. /'/ : f 120505 @ \‘__/ | ‘
| y 5
e ‘ Agwra l“\ Ty : ; poos11 @ ,—,T) o s
\, | ( @ wn® )
f | lj /
r i ; ~ y-/
.\ | \l"d
S \ C‘\ I
il " A ) ¢
| \'*\\p: . | e
M " LAWK
Source: NNAW.R
Figurel. Location of of rainfall stations in study area
The standardized rainfall index (SPI) was index makes it possible to anticipate drought and

developed by McKee and al (1993) [40] in the USA
to characterize rainfall deficits for a given period
[43]. It can detect the beginning and end of drought,
its duration, severity and magnitude [44]. Due to its
simplicity, the SPI climate index is the most widely
used internationally. It is based solely on rainfall
data [45]and it takes into account the importance of
time in analysing the availability of water resources
[40]. It can be evaluated for durations of 1, 3, 6, 12,
24, 36, 48 months or even longer [43].

The mathematical formula of SPI is as follows:
SPI= (pi-pm)/c

Pi: Precipitation of year i

Pm: Average precipitation of a long data series

o : Standard deviation of annual rainfall.

To calculate the SPI, at least monthly rainfall
readings over 20 to 30 years (preferably 50 to 60
years) are required [46]. The calculation of this

helps to determine the severity of the drought [16]
according to different classes (table 2).

The different severity classes established by Mckee
in 1993 using the standard deviation number
method can be arbitrarily defined by [40]. Taking
into account the climatic characteristics of the study
regions, several new SPI classifications have been
created by different authors [47-49]. In 2003
Aghrab [50] modified the general classification of
SPI proposed by Mckee 1993, taking into account
the specificities of the Moroccan climate, and
proposed a corrected SPI, better adapted to North
African conditions. Given the similarity of the
climate in Algeria and Morocco, we used this
classification (Table 3). This method proposes to
classify the years according to the SPI values.
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Table 2.Climatic classification according to the SPI

SP1 values Class
>2 Extremely wet
1.5t01.99 Very wet
1.0t01.49 Moderately wet
-0.99 to 0.99 Near normal
-1t0-1.49 Moderately dry
-1.5t0-1.99 Severely dry
<-2 Extremely dry

Source: McKee and al. 1993[40]

Table 3. Classification of the SPI into climate classes according to Aghrab [50]

SP1 value Category Probability (%)
>2 Extremely wet 2,3
1,00 to1,99 Very wet 13,6
0,31t0 0,99 Moderately wet 24,2
-0,30t0 0,30 Normal 18,9
-0,31 to —0,99 Moderate drought 24,2
-1,00 to -1,99 Severe drought 13,6
<-2.00 Extreme drought 2,3

According to Mckee 1993 [40], negative SPI values
are deficit or drought years and positive values are
surplus years.

11.3.2. The percent to normal index PNI

This indicator measures the deviation of
precipitation over a period from the historical
normal for that period in a given area. The normal
is usually the average of the total precipitation over
the period, calculated from about 30 years of data
[51]. Very simple to use, this method is not suitable
in cases where the spatial and temporal disparity of
precipitation is too great [52].

This index also known as the rainfall deficit index,
it makes it possible to visualize and determine the
number of deficit years and their succession. It is
expressed by:

PNI(%)=(Pi-Pm)/Pmx100

A vyear isconsidered as dry when this index is
negative and wet when it is positive. The
accumulation of the index of the percentage
deviation from the normal for successive years
makes it possible to identify major trends without
taking into account small fluctuations from one
year to the next. When the sum of the indices
increases, it is a wet trend [53].

Table 4. Drought severity classes according to PNI

PNI Value Drought intensity
80-60% Moderate drought
60-40% Dry year

<40% Very dry year

I11- Results and discussions

I11.1. Evolution and trend of rainfall
Temperatures and rainfall, parameters taken as
climate classification criteria, are not sufficient to
determine, or predict, the climate evolution of a
particular hydrological unit. However, rainfall
makes it possible to determine a trend in a regional
regime on a very limited time scale. The
fluctuations in average annual rainfall show that the
maximum value of about 913.8mm was recorded in
1984, the minimum value of about 282.6mm was
observed in 2000.

The time series evolution curves, coupled by the
linear trend curve and the moving average curve
calculated over 5 years, identify the highly random
nature of the rain.

Figure 2 shows an interannual rainfall variability
based on fluctuations between dry and wet years.
As a result of this succession of deficit years and
surplus years, periods of increase and the
continuous decrease in rainfall are highlighted. It is
also found that periods of decline are more
continuous and sustained than periods of increase.
In addition, the linear trend curve representing
annual totals is decreasing everywhere across all
measurement stations (Figure 2).
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Station: Dar El Beida (1940-2015)
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Figure 2. Interannual precipitation trends for Dar El Beida, Bir Morad Rais, Hamiz and Mahelma stations.

111.2. Temperature evolution
Temperatures are an important factor in
determining the climatic characteristics of a region.
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Figure 3. Mean annual temperatures (minimum and maximum mean) over the period 1971-2015
and maximum mean) over the period 1971-2015 (Dar El Beida station)
(Dar El Beida station) The analysis of the mean annual temperature

curves (Figure 3) of the Dar El Beida station over
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the last few decades shows an upward trend in the
Algiers region with little variation from one year to
the next.
The mean annual temperature is 18°C. The results
of this analysis correspond perfectly to the climate
of northern Algeria, mainly Mediterranean [3, 54].
We observe:
» A cold period from November to April with
average temperatures > 10°c, January being

» A hot period from May to October with an
average temperature above the annual
average, August being the hottest month
with an average temperature of 25.7°c
(figure 4).

111.3. Calculation of drought indices
Statistical analysis of precipitation based on a few
indices is recognized as effective in characterizing

the coldest month with an average drought. To do this, we use in our study the most
temperature of 11.0°c (figure 4). commonly used indices in Algeria [3] which are the
standardized rainfall index (SPI) and the deviation
from normal index (PNI) (Figures 5 and 6).
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Figure 5. Standardized precipitation indices for the four stations

The rainfall data recorded at the workstations,
through the standardized rainfall index, characterize
a situation mainly dominated by moderate drought
and to a lesser extent severe drought (Table 3). In
our study area years of extreme drought and
extreme humidity are almost rare, they do not
exceed 2% over the period 1940-2015.

At the temporal scale, the standardized precipitation
index, indicating the still irregular nature of rainfall,

nevertheless highlights wet and dry episodes
(Figure 5). For all stations, drought trends have
been significantly greater in recent decades (Figure
5).

It appears from this analysis that the decade 1967-
1978 is in surplus. The last three decades 1979-
2009 appear to be in deficit.
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Figure 6. Index of deviation from normal (PNI) for the four stations

Table 5. Frequency of different drought and humidity classes

The Dar El Beida Bir Morad Rais Baraki Mahelma
qualifier (1940-2015) (1968-2012) (1972-2013) (1971-2013)
Number % Number % Number % Number %
of years of years of years of years
EH 3 48 1 2,9 1 29 1 29
HH 11 17,5 4 11,8 5 14,7 4 11,8
MH 15 23,8 12 35,3 11 32,4 12 35,3
MD 24 38,1 7 20,6 11 32,4 10 29,4
HD 9 14,3 9 26,5 4 11,8 7 20,6
ED 1,6 1 2,9 5,9 0 0,0
total 63 100,0 34 100 34 100 34 100
Wet year | 29,00 46,03 17,00 50,00 17,00 50,00 17,00 50,00
Dry years | 34,00 53,97 17,00 50,00 17,00 50,00 17,00 50,00

EH: Extreme humidity; HH: High humidity; MH: Moderate humidity; MD: Moderate drought;
HD: High drought; ED: Extreme drought.

The maximum percentage of drought years going
up to 54% at Dar El Beida station including 38%
years of moderate drought and 14% years of severe
drought.

The dry sequences in Dar El Beida station are
significantly longer than the wet sequences. For the
other stations studied, the dry and wet sequences

are almost the same (Table 5). The difference
between the results of the four stations is that Dar
El Beida is a professional station with long, reliable
and good quality rainfall series. On the contrary, the
other three stations are automatic and suffer several
errors in weather observations.
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Table 6. Deficit and surplus years

Dar El Beida (1940-

Bir Morad Rais

Baraki (1972-2013) Mahelma (1971-

2015) 76 years (1968-2012) 45 years 42 years 2013) 43 years
Years of EH* et HH 1947 ;1948 ; 1951 ; 1968; 1971, 1972; 1973%; 1979; 1972; 1973; 1982*;
1953* ; 1957* ; 1959; 1972% 1995 1980; 1986; 2012. 2007; 2012.

1961; 1962; 1969 ;
1970; 1971, 1972%;
1975; 1984.

Years of HD et ED* 1940; 1941; 1987;
1989; 1990 ; 1993 ;
2000%*; 2001; 2002;

2015

1977, 1981, 1983;
1988; 1989; 1990;
1991; 1997; 2000%; 2000.

1977, 1981, 1983%;
1989; 2000*; 2002

1977, 1981,1983;
1987; 1989; 1990;

The most persistent droughts have occurred over
the past 25 years, consisting of three, four, five and
seven years (Dar El Beida station).

Deficits recorded during the years of severe
droughts (1979-2002) reached -63% in 2000 at
Baraki station (Figure 4). The drought of 2000 is
considered extreme for the entire Algiers region and
caused very significant rainfall deficits in all the
stations studied (-60% in Dar El Beida, -56% in Bir
Mourad Rais, -63% in Baraki and -54% in
Mahelma) with an average deficit of 58%.

1V. Conclusion

This study made it possible to characterize the
meteorological drought in the Algiers region for the
period 1940-2015. The analysis of the graphs
relating to the distribution of annual precipitation
over the period 1940-2015 shows an alternation of
dry and wet periods of varying duration from one
station to another.

The evolution curves of the rainfall series,
combined with the linear trend curve and that of the
moving average calculated over 5 years, show a
clear downward trend in rainfall. It is also noted
that the periods of decline, which began in the early
1974s, are more continuous and sustained than
periods of increase. The surplus years are mainly
before 1974 and the deficit years are mainly after
1974.

The analysis of the annual and monthly average
temperature curves of the Algiers station over the
last few decades shows an upward trend in the
Algiers region with little variation from one year to
the next.

The rainfall data recorded at the four workstations,
through the standardized rainfall index, characterize
a situation mainly dominated by moderate drought
and to a lesser extent severe drought. The
maximum percentage of drought years going up to
54% at Dar El Beida station including 38% years of
moderate drought and 14% years of severe drought.
In our study area years of extreme drought and
extreme humidity are almost rare, they do not

exceed 2% over the period 1940-2015. The most
persistent droughts have occurred over the past 25
years, consisting of three, four, and five years and
deficits recorded during the years of severe
droughts (1976-2001) ranging up to -63% at the
Baraki station.
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