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Abstract. The purpose of this study is to identify homogeneous rainfall regions and to study the spatial and
temporal variability of rainfall in the Cheliff basin using the regional vector method and the statistical approach
(Pettitt test, Lee Heghinian test and Hubert segmentation) and the geostatistic approach (inverse distance weight-
ing method). In terms of results, the regional vector method highlighted six (6) homogeneous rainfall regions.
The downward trend occurred in the study area in 1972, affecting a few coastal stations. In 1976, this decline
extended to the South West and throughout the coastal region. In 1980, the drop covered the entire basin. This
decline has resulted in an estimated deficit of 30 % on average in the eastern region, the coastal region and the
Mina. However, the central part of the basin experienced a 20 % decrease compared to the period before the break
(1968–1980). The same spatial irregularity in rainfall was observed during the pre-break and post-break periods
(1981–2010). On the other hand, throughout the basin, the areas corresponding to the rainfall ranges identified
during the 1968–1980 period experienced an average decrease of 100 mm during the post-break period, except
in the eastern region, where the decrease exceeded 200 mm.

1 Introduction

Water demand has never been so high. This is due to the
population growth, the expansion of irrigated areas or the in-
creasing needs of industry (WWAP, 2018). In the Mediter-
ranean area, liquid precipitation is the main source of water
for rivers and underground reservoirs. In addition, rainfall is
the third stage of the water cycle; a cycle influenced by dif-
ferent natural meteorological fluctuations, and its intensifica-
tion and acceleration is expected because of global warming
(IPCC, 2007, 2014).

Located on the Southern shore of the Mediterranean Sea,
Algeria is characterized by a contrasting and diversified cli-
mate; its evolution shows an alternation between wet and dry
periods. Besides, the great variability of the 1970s allowed
the extension of semi-arid zones and the restriction of wet-
lands.

In such a context, the study of the spatial and temporal
evolution of climate parameters, including rainfall, is essen-
tial to understand this variability, to quantify it and map it, as

well as to improve management approaches, to put in place
adaptation plans and to develop new orientations if neces-
sary.

This study examined the spatial and temporal variability of
rainfall in the Cheliff basin. In this regard, the regional vec-
tor method on monthly rainfall data was used for two pur-
poses: to criticize and synthesize rainfall information; and
to build and validate homogeneous rainfall regions. In addi-
tion, the statistical approach was used to study the temporal
variability of rainfall. For this purpose, three tests integrated
into the Khronostat software were selected (Pettitt test, Lee
Heghinian test and Hubert segmentation). Subsequently, the
spatialization of rainfall was done by the inverse distance
weighting method over two different periods: the pre-break
period and the post-break period.
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2 Materials and methods

2.1 Presentation of the study area

The Cheliff basin is the largest watershed in Algeria. Its sur-
face area is about 44 900 km2. It includes three different re-
gions: the Boughezoul upstream; the High and Middle Che-
liff; the Lower Cheliff and the Mina. It extends between 0 and
3◦30′ E and 34 and 36◦ N. It is surrounded to the North by the
Dahra Mountains and to the South by the Saharan Atlas, to
the West by the Oranese basin and to the East by Algerian
basin. The region experiences a semi-arid Mediterranean cli-
mate. The rainy season extends from November to March,
and the rest of the year is characterized by dry and sunny
periods.

2.2 Origin of the data

The monthly rainfall data come from the National Hydraulic
Resources Agency (ANRH). The spatial distribution of the
50 stations included in this study is heterogonous. Indeed,
there is a high concentration of measurement sites on the
plains and a significant insufficiency qualifies the relief ar-
eas. The measure covers the period from the hydrologic year
1968 to the hydrologic year 2010; a hydrologic year starts
on 1 September and ends on 31 August. 24 stations present
complete series. On the other hand, the remaining 26 contain
deficiencies; the number and the date differ from one station
to another.

2.3 The regional vector method

The regional vector method was developed by Hiez (1977) at
ORSTOM/IRD (Institute of Research for Development). It is
based on the pseudo-proportionality hypothesis.

As a result, the method gives a regional vector correspond-
ing to a time series of monthly rainfall indices, coming from
the extraction of the information most probably contained
in a set of observation sites previously grouped by homo-
geneous region. The most probable information is extracted
using the principle of pseudo-proportionality of total rain-
fall between stations and the principle of likelihood. This
method has been applied by several authors in West Africa
and Mediterranean area (Mahé and Olivry, 1995; Bodian,
2014; Kotti et al., 2016; Hallouz et al., 2013).

This technique is used in this study to validate the previ-
ously delineated homogeneous regions based on the results
of inter-station correlation studies, and to review and synthe-
size information of each homogeneous region. The correc-
tions proposed by the method are intended to minimize the
error matrix; they are not taken into account since a good
analysis of extremes in the study area is not available.

The study area was divided into 6 homogeneous regions on
which the regional vector method was applied to the monthly
time step, using IRD’s Hydraccess software (Vauchel, 2005).

2.4 Detection of breaks in time series

Statistical analysis was chosen to study and identify rainfall
variability in our study area. For this purpose, a classical sta-
tistical test, a Bayesian method and a segmentation technique
were selected. Our choice was based on the ease of imple-
mentation; they work even when the position of the jumps is
unknown and require fewer application conditions.

The classical statistical test is a non-parametric approach
to identify a change in mean or variance in a data series. It is
developed by Pettitt (1979); it does not require any particular
conditions, except continuity.

Lee and Heghinian’s test (Lee and Heghinian, 1977) based
on the univariate Bayesian method is adapted to identify a
change in mean in the data series. It imposes normality, non-
autocorrelation and constancy of variance of the time series
studied.

The segmentation technique chosen is based on optimal
segmentation in the least-squares sense and uses the sim-
ple step-by-step technique as combinatory. It is developed
and presented by Hubert and Carbonnel (1987). It is used to
search several jumps in the average. It requires the normality
of the studied distribution.

The implementation of these three tests on all observed
rainfall time series is performed by the Khronostat software
(Boyer, 1998).

2.5 Spatialization of rainfall data

The objective is to determine and map the spatial distri-
bution of rainfall in our study area before and after the
break period. The geostatic method chosen is a determinis-
tic approach, called inverse distance weighting (Davis, 1986;
Franke, 1982). This method assigns a weight inversely pro-
portional to the distance between the site and the point to be
estimated.

Unlike stochastic methods (kriging) that require a large
number of application assumptions and allow the consider-
ation of the spatial structure of the data and their positions,
the deterministic approach does not assume any hypothesis
on the data and only takes into account the positioning of the
stations in relation to each other.

3 Results and discussion

3.1 Data review and validation of homogeneous regions

Homogenization consists in grouping rainfall stations that
have a similar behavior, based on a proportionality test in-
tegrated into the regional vector method (Mahé and L’Hôte,
1992). The close behavior of the rainfall series is validated
if and only if the proportionality coefficient for each station
is below 0.20. Above this value, the risk that the evolution
of the station will differ from that of the other stations in the
group increases (Kotti et al., 2016). The results of the regres-
sion approach are used as the first filter for selecting homoge-
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neous regions. In addition, the regional vector method vali-
dated six homogeneous regions with a proportionality coeffi-
cient below the threshold (0.20) in each homogeneous group.

Stations showing close rainfall variability are grouped to-
gether in the same region. The spatial distribution of the
regions is oriented along two axes: (1) from West to East,
(2) from North West to South West. The first region includes
6 stations located on the Atlas, a mountainous range with
a relief varying from 800 to 1400 m. The second region is
based in the Northern valleys of the Atlas Mountains and
reaches some plains in the Eastern part of the basin; it con-
cerns 15 stations. The fourth region is locate on the plains
in the middle of the basin and consists of 11 stations. The
sixth region is concentrated in the coastal zone and contains
4 stations. The third region gathers 3 stations located on the
South Eastern mountainous area of the Atlas with altitudes
exceeding 1400 m. 5 stations exhibit an isolated behavior. In
other words, they do not represent any similarity with the val-
idated regions; they are situated on the periphery of the basin,
in high relief areas Fig. 1.

The regional vector also allows us to synthesize the rainfall
signal in each region as a vector. This makes it easily acces-
sible and simplified to visualize and understand the evolution
of rainfall in each region as well as to compare regions. Fig-
ure 2 shows that the six regions have the same fluctuation
in the rainfall signal. In contrast, the amplitude of the rain-
fall signal is varying according to the regions. It is relatively
the same in regions 1, 2 and 3. In addition, region 4 shows a
variation in amplitude close to that of region 6. On the other
hand, region 5 located in the South Western part of the basin
is characterized by the lowest amplitudes.

3.2 Study and identification of the rainfall temporal
variability

The observation period for all stations extends from 1968 to
2010, except for the stations 013002 and 012503 that have
observation periods from 1930 to 2007 and from 1936 to
2010, respectively.

Figure 3 shows the rainfall evolution in these two stations.
It highlights the alternation of dry and wet years along the ob-
servation period and also shows a gradual decrease in rainfall
in the mid-1970s. It is noted that rainfall from 1930 to 1970
fluctuated around a relatively higher average than that of the
1970–2010 period.

The break tests were applied to the 50 rainfall time series
considered in this study. The first homogeneous region expe-
rienced a break (a decrease in annual rainfall) in 1979; this
jump was observed in 4 stations among 6 stations included
in this group. Rainfall in the second homogeneous region be-
gan to decline in 1979 and 1980; among the 15 stations in this
group, 8 had a break in 1980 and 4 in 1979. 2 out of 3 stations
in the third homogeneous group showed no downward trend.
From the 11 stations belonging to region 4, 3 stations exhib-
ited a decreasing trend from 1978, 4 experienced a break in

1979 and 3 stations reported a jump in 1980. Rainfall in the
fifth homogeneous region began to decrease in 1976, a date
detected at 4 of the 5 stations belonging to this region. In the
coastal region, the downward trend was introduced in 1972
and affected all the stations by the end of 1977. In short, this
downward trend appeared in the Cheliff basin in 1972, where
it occurred in some coastal stations. In 1976, the decrease
in rainfall extended to both South West and coastal stations.
This decline began to reach the central part of the basin in
1978, and then it spread to the East and South East of the
Cheliff in 1980. These results are consistent with the work
of other researchers on Algeria (Hallouz et al., 2013; Meddi
and Hubert, 2003), and even at the regional level (Singla et
al., 2010; Kingumbi et al., 2005).

It is known that climatic factors strongly influence the
variability of rainfall at different time scales. However, the
real reasons for this sudden decline in the 1980s are now
unknown. On the one hand, reliable conclusions cannot be
made about the cyclical pattern of rainfall in the study area,
given the limited number of observation years. On the other
hand, conclusions on the type of oscillation index influ-
encing rainfall in the study area are contradictory. For ex-
ample, Meddi et al. (2010) and Taibi et al. (2017) assert
that the variability of rainfall in the study area is positively
correlated with the Southern Oscillation Index (SOI) while
Salameh (2008) and Xoplaki et al. (2004) argue that climate
variability in the Mediterranean area is influenced by the
North Atlantic and Mediterranean Oscillations. In the cur-
rent context, such a decrease can also be attributed to climate
change and its possible impacts on rainfall.

Figure 4 illustrates the deviation between the average of
the pre-break period (1968–1980) and the average of the
post-break period (1981–2010) for each station. In terms of
deficits, the first homogeneous region experienced an esti-
mated average decline by 31.5 %. In addition, the 15 sta-
tions in the second homogeneous region showed an average
deficit of 22.8 %. The 11 stations belonging to the homoge-
neous group 4 also reported an estimated average decrease of
18.73 %, while those in the 5th homogeneous region dropped
by an average of 31.8 %. The coastal stations belonging to the
6th region recorded an estimated decrease of 30.75 %.

It can be seen that the stations located in high relief areas
and in the coastal region are more affected by the decline. In
contrast, the stations in the central part of the basin, in plains
with moderate relief, experienced a relatively small decrease.
Meddi and Meddi (2007), Ghenim and Megnounif (2013),
Meddi et al. (2010) and Taibi et al. (2013) showed the same
deficit magnitudes over the study area and surrounding re-
gions.

3.3 Study of the spatial variability of rainfall

The spatialization was performed over 2 different periods,
the first period is from 1968 to 1980 and the second one is
from 1980 to 2010. This distribution was chosen in order to
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Figure 1. Study area and delineation of homogeneous regions.

Figure 2. Evolution of the annual vectors in the six region.

understand the spatial structure of rainfall after and before
the downward trend over the entire basin.

Figure 5 shows the distribution of inter-annual average
rainfall over the study area from 1968 to 1980, the year dur-
ing which the decreasing trend in annual totals spread to the
entire basin. This map displays the increase in rainfall from
West to East.

The coastal region of the Cheliff wadi received an average
ranging from 311 to 400 mm during the 22 years of observa-
tions. In addition, the central plains of the basin and the up-

stream part of the Mina River experienced an average rain-
fall varying from 400 to 450 mm, and the valleys connect-
ing the central plains and the mountain ranges of the Atlas
were watered with an average from 450 to 550 mm. Besides,
the Eastern and North Eastern mountain areas were provided
with rainfall between 550 and 800 mm.

Following the propagation of the break through the whole
basin in 1980, the average inter-annual rainfall calculated
over a period of 30 years (1981–2010) showed the same spa-
tial irregularity with an increase along a West-to-East ori-
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Figure 3. Evolution of rainfall in the stations 013002 and 012503.

Figure 4. Rainfall deficit in the Cheliff Basin, Algeria.

ented axis. On the other hand, the rainfall amounts received
by the various regions identified above have decreased rela-
tively in the entire basin Fig. 6. Thus, the coastal region ex-
perienced rainfall ranging from 240 to 300 mm. In addition,
rainfall dropped from (400, 450 mm) to (300, 350 mm) after
1980 in the central plains region and upstream the Mina. Be-
sides, the valley area received rainfall varying from 400 to
450 mm while the Eastern and North Eastern mountains ex-
perienced rainfall ranging from 450 to 580 mm. In sum, it is
noted that the annual totals decreased on average by 100 mm
in the study area, except for the high relief region located

in the Eastern and North Eastern part, which had a rainfall
decrease of over 200 mm.

4 Conclusion

A study of the spatial and temporal variability of rainfall, as
well as the determination of homogeneous rainfall units in
the Cheliff basin, was conducted based on data from 50 rain-
fall stations over a 42-year observation period (1968–2010).
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Figure 5. Inter-annual rainfall map in the Cheliff Basin (1968–1980).

Figure 6. Inter-annual rainfall map in the Cheliff Basin (1981–2010).
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The regional vector method validated 6 homogeneous re-
gions. Subsequently, the rainfall signal was synthesized in
each region. The comparison between the six regional vec-
tors developed showed a similar evolution of rainfall in the
East and the central part of the basin. However, the rainfall
pattern in the coastal region and the South Eastern part was
different from the rest of the basin.

The 3 statistical tests used in the study of the temporal
variability of rainfall showed a general downward trend over
the entire basin in 1980. The rainfall deficit recorded over
the period 1981–2010 compared to the period 1968–1980 is
estimated at an average of 30 % in the Eastern part of the
basin, the coastal region and the upstream part of the Mina.
In addition, the plain domain located in the central part of
the basin has experienced an average estimated decrease of
20 %.

The study area has a high spatial variability in rainfall.
This variability is directly related to the topographical va-
riety that characterizes it (plain, valley, plateaus, isolated or
chain mountains). The same spatial distribution of rainfall
during the periods 1968–1980 and 1981–2010 is observed,
with an increase in rainfall from West to East. On the other
hand, rainfall decreased by an average of 100 mm during the
post-break period over the entire basin, except in the Eastern
part where the decrease exceeded 200 mm.

The reduction in rainfall since 1980 has resulted in a con-
siderable rainfall deficit. Such a decline caused a dramatic
impact on the availability of water resources. To this end, a
good understanding and estimation of rainfall variability is of
crucial importance in any approach to preserve and manage
water resources.
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