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Runoff evolution in Macta basin (Northwest of Algeria)
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Abstract In Algeria, the climate change in recent
decades has a negative impact on water resources. The
goal of this study is to determine the influence of these
hazards on surface water resources in the basin of Macta
(Northwest of Algeria). The study of climatic pulsations
is implemented from the climate coefficient changes and
its moving averages over 3 years. Variations of this
coefficient based on years, for the period 1949–1973,
show an alternation of wet and dry years. Starting from
1973, a very dry period of more than 20 years was
installed in the basin, with deficits ranging from 22% to
72%. The consequences of the surface water deficit can
damage the environmental balance and consequently
affect the various human activities that are directly or
indirectly related to the use of these resources.
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Introduction

Several recent climatic events of great magnitude have
pushed the global community to address climate change
and its impacts on water resources. These events include
the drought that affected the Maghreb countries in general

and Algeria in particular since the 1970s (Laborde 1993;
Meddi 2001; Meddi and Humbert 2000; Meddi and Meddi
2004; Talia and Meddi 2004; Kingumbi 2006; Lahache et
al. 2008; Laftouhi 2007).

Studies have highlighted the impacts of climate change
on water resources in Algeria (Meddi and Hubert 2003;
Talia 2003; Meddi et al. 2006). The runoff evolution
interests many users in different applications (hydrology,
agronomy, water management, etc.). The climate changes in
the recent decades have a negative influence on the water
resource (groundwater recharge, filling of reservoir dams
and on agricultural yields).

The study of hydrometric series conducted over a long
period allows the assessment of the sensitivity of rivers to
changes in climate.

Physical characteristics of the basin

Located in the north of Algeria, the Macta basin covers an
area of 14,380 km². It is bounded in the North West by the
Tessala Mountain, in the south by the high plains of Maalif,
in the west by the plains of Telagh and in the east by the
mountains of Saida.

The Macta basin is crossed by two major rivers—in
the East, the Mekerra Wadi and in the West, the El
Hammam Wadi (Fig. 1). It is composed of eight sub-
basins (Table 1).

Oued El Hammam

The watershed of the Oued el Hammam covers an area of
7,550 km². The main stream length is 150 km, it is drained
by three major tributaries, and the principal elementary
basins are: Fekan (1,200 km2), Sahwet (2,200 km2) and
Saida (400 km2).
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Oued Mekerra

The area of the Mekerra wadi basin is about 1,890 km².
It is bounded in the north by the Tessala mountains,
which are crossed by the Mekerra wadi to reach the
marshes of Macta without throwing directly to the sea, in
the west by the Beni Chougrane mountains and the
Hammam wadi.

The climate and rainfall

In general, the Macta basin is under the Northern
Mediterranean influence in the north and the continental
influence in the south, where the climate is arid and dry
with cold winters and hot summers.

The annual rainfall in the region varies between 280 mm
in the southern basin and 600 mm in the mountains of Beni

Fig. 1 Hydrographic network and hydrometric stations

Station Lambert coordinates S (km²) Measurement period of flow

X (km) Y (km) Altitude (m)

Hacaiba 183,50 161,6 950 955 1961–2001

Sidi Ali Ben Youb 186,55 192,2 635 1890 1949–2001

Sidi Bel Abbés 194,25 215,6 485 3000 1942–2001

Oued Taria 262,25 305,1 501 1365 1972–2001

Ain Fekan 254,3 217,2 990 1160 1969–2001

Trois Rivières 246,45 216,9 315 7440 1947–2001

Bouhanifia 248,15 225,1 306 7685 1974–2001

Hacine 254,60 243,5 145 7950 1973–2001

Table 1 Gauging stations
included in the study
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Chougrane. The rainy years are three to four times higher
than the driest years.

The study of the interannual variability over the period
1930–1999/2000 for the regions of the West (Talia 2003; Talia
and Meddi 2004) shows that the largest number of years in
deficit was observed during the decades 40, 80 and 90. These
results also show the persistence of total loss that continued
over several successive years. Between these two major
drought periods, rainfall was generally normal or excess; it
was recorded seven consecutive wet years between the late
1940s and early 1950s at the station of Ain Fekan (Fig. 2).

The driest hydrological year since 1930 is observed in the
early 1940s (1944–1945); during these years, annual total
rainfall reached 166 mm at the station of Ain Fekane. A
change point in annual rainfall time series in the stationarity of
the rainfall series occurred during the decade 1970–1980 and
since this date, the decrease in annual rainfall has become a
reality (Talia 2003; Meddi et al. 2002).

Data

The hydrometric data were selected to provide a basis of
annual and monthly data as complete and as representative as
possible of the study area. Sample of stations, obey to the
duration of information and data quality criteria. The stations
were selected according to the length of available flow records
and their geographical positions in order to better cover the
whole region and the different climatic influences. Eight
gauging stations were selected on the studied region.

Data were taken from the two organizations responsible for
network runoff in Algeria, namely the National Agency of
Hydraulic Resources and the National Meteorological Office.

Methods used

The climatic events that affected the Macta basin based on a
hydrological study of rivers of this basin will be underlined.
The used approach has been used by many researchers
around the world (Probst and Tardy 1985; Olivry 1983;
Haida et al. 1999).

To highlight the hydroclimatology interannual variations,
this study is based on annual average flows of different stations
in theMacta basin. The adopted technique is the difference (Ec)
of annual average flows to the interannual flow:

This technique, used by Riehl and Meitin (1979) on the
Nile, by Probst and Tardy (1987) on major rivers
worldwide and Haida et al. (1999) in Sebaou in Morocco,
distinguishes the wet periods (increasing curve) from the
dry periods (decreasing curve).We have arranged the annual
average flows in eight classes. The boundaries of those
classes correspond to the degree of moisture drawn from
the rate of deviation of the mean annual flow to the
interannual flow (Table 2) (Haida et al. 1999; Talia 2003).

To show up the hydroclimatic periods, the average of the
hydroclimatic coefficient (Chm) was calculated for all

Fig. 2 Rainfall evolution at Ain
Fekan station

Table 2 The boundaries of the of discharge classes corresponding to
the humidity degree

Class EH/ES TH/TS H/S MH/MS

Excédent > 60% < 60% < 40% < 20%

Déficit > 60% < 40% < 20% < 0%

EH exceptionally wet years, ES exceptionally dry, TH very humid,
TS very dry, H humid, S dry, MH moderately humid, MS moderately
dry
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stations. For each, the differences were weighted by the size of
the corresponding sub-basin to redraw the climatic periods:

Chm ¼ 1

n

Xn

i¼1

Eci � Si
Sex

� �

where n: number of stations; Eci: deviation of annual
average flow and the interannual flow; Si: area of sub-basin
(square kilometre); and Sex: basin area at the station furthest
downstream (square kilometre).

This coefficient was used to trace the major hydroclimatic
periods in the Aquitaine basin (France) by Probst and Tardy in
1985 and Haida et al. in 1999 in the Sebaou Basin (Morocco)
and also by Talia in 2003 in the Tafna basin (Algeria).

Results

Analysis of the temporal variability of runoff

The annual runoff

From the studied hydrological characteristics (Table 3), we
deduce that:

– The ratio of extreme modules defined by Pardi (1943)
is greater than 4 for all stations. Therefore, according to
the classification established by Pardi, the regime is
Mediterranean type.

– The hydrological regime is irregular, and the dispersion
around the mean time series of average annual flow is
strong (Fig. 3).

Table 3 Hydrological stations selected

Station Wadi Dmi CV Dma max (m3/s) Dma min (m3/s)

(m3/s) Value Correspondent year Value Correspondent year

Hacaiba Oued Mekerra 0,2 0,8 0,5 1995 0,03 1964

Sidi Ali Ben Youb 0,7 0,5 1,3 1951 0,055 1962

Sidi bel Abbes 0,9 0,5 2,9 1950 0,28 1998

Oued Taria Oued Taria 0,9 0,7 3,7 1987 0,202 1992

Ain Fekan Ain Fekan 0,3 0,7 0,8 1971 0,02 1998

Trois rivières Oued El Hammam 3,7 0,5 9,3 1966 0,62 1995

Bouhanifia 1,8 0,5 4,2 1976 0,35 1993

Hacine 0,2 0,8 0,6 1973 0,015 1993

Dmi interannual average flow, Dma mean annual flow, CV coefficient of variation

Fig. 4 Distribution of average monthly inflows in stations Sidi Bel
Abbes and the Three Rivers

Fig. 3 Change in annual average flow around the average. (a) The
station of Sidi Bel Abbes on Oued Mekerra. (b)The station of the
Three Rivers on the Oued El Hammam
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The monthly runoff

At this scale, we have shown seasonal variations using
graphs. A high-water period during which focus floods
spread of the month from September to May is distin-
guished (Fig. 4).

This even distribution of monthly flows was found by
Meddi (1992) in the Mina basin (western Algeria). The value
of October, which is superior to others, is due to the
concentration of floods in the autumn months. For example,
the average monthly discharge of October 1966 is 6.22 m3/s

at the station of Sidi Bel Abes on Mekerra wadi and
72.65 m3/s at the station of Three Rivers on the El Hammam
Wadi (maximum hourly flow equal to 1,400 m3/s). The
average monthly discharge in October 1986 was about
4.01 m3/s at the station of Sidi Bel Abes on Mekerra wadi
(maximum hourly flow equal to 104 m3/s) and from
31.1 m3/s at the station of Three Rivers on the El Hammam
Wadi (maximum hourly flow equal to 564.2 m3/s).

For the month of May, very high monthly flow values
are recorded. For example, the average monthly flow of
May 1948 is 3.03 m3/s at the station of Sidi Bel Abes on
Mekerra wadi (maximum hourly flow equal to 70 m3/s) and
14.95 m3/s at the station of Three Rivières on the El
Hammam Wadi (maximum hourly flow equal to 728 m3/s).
The average monthly flow of October 1990 is 6.16 m3/s at
the station of Sidi Bel Abes on Mekerra wadi (maximum
hourly flow equal to 61.7 m3/s) and 24.28 m3/s at the
station of Three Rivers on the El Hammam Wadi
(maximum hourly flow equal to 892 m3/s).

The region of Sidi Bel Abbes is periodically affected by
floods. The city of Sidi Bel Abbes is exposed to very
important flood with repetition. The flood of 1940 caused
considerable damage, which cost 40 billion dinars
(440,000,000 euros). This region is located at a lower level
than the bed of the Wadi Mekerra. The flood of September
1994 (530 m3/s) has caused two deaths and left 22 affected
families. The month of October 1986 (500 m3/s) resulted in
one death, 530 people homeless and 200 affected families.
The flood in this region is cyclical.

Fig. 5 Evolution of the hydrological regime through hydroclimatic
characteristics of hydrological years in sub-basin of Oued Taria, Sidi
Bel Abbes and Ain Fekane. EH exceptionally wet years, ES
exceptionally dry, TH very humid, TS very dry, H humid, S dry, MH
moderately humid, MS moderately dry

Fig. 6 Annual changes in the
weighted average hydroclimatic
coefficient (CHMP) weighted by
the area of sub-basins and its
moving average
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Sidi Bel Abbes and the Three Rivers

Hydroclimatology fluctuations

The objective of this approach is the evaluation of changes
in hydroclimatology regime in Macta basin.

From Table 3, we deduce that there is a hydrological
difference between the two major oueds in the West, the
Mekerra Wadi and in the east, the El Hammam Wadi.
Through the comparison of the flow of these two wadis, the
interannual average flow of the Mekerra wadi varies
between 0.15 m3/s (station of Hacaiba) and 0.97 m3/s
(station of Sidi Bel Abbes), while for the stations of El
Hammam Wadi, the values of these range from 0.20 m3/s
(station of Hacine) and 3.69 m3/s (station of Three Rivers).

The results obtained allow comparison of the behaviour
of three sub-basins: Ain Fekane, Oued Taria and Sidi Bel
Abbes, in deficit year and in surplus years.For the multi-
annual scale, changes in hydrological regimes of the Macta
basin reveal a general irregularities trend throughout the
basin.

These irregularities or climatic pulsations can be studied
from the variation of the annual mean climate coefficient
(Chm) and its moving average over 3 years. We took to
calculate this coefficient of the three sub-basins, namely
Sidi Ali Ben Youb, Sidi Bel Abbes and Three Rivers. The
evolution of this coefficient for the period 1949–2001
(common to all three stations) is shown in Fig. 5.

Variations of this coefficient according to years show
that during the period between 1949 and 1963, the Macta
basin has known a very important deficit sequence followed
by a surplus period not exceeding three consecutive years
(Fig. 6). During these periods, there are also years with an
exceptional climate character: 1950–1951 with a surplus
around 170%.

From 1972–1973, a very dry period of more than
20 years was installed on the basin, with deficits ranging
from 22% to 72%.

However, the observed hydroclimatic fluctuations on
such long periods can be generalized to all stations in the
basin. The study of stationarity series of flows for all
stations in the Macta basin has shown a negative trend in

the late 1970s and early 1980s (Table 4; Talia 2003). The
results are similar to those found for the Tafna basin where
the reduction of flow to Beni Bahdel dam reached 67%.

Conclusion

Before 1973, a persistent alternation of wet and dry
episodes is observed. After 1973, a net continuous decrease
of average flows is distinguished; this decrease reached its
peak from 1992 to 1996. From 1972–1973, a very dry
period of more than 19 years was installed on the basin,
with deficits ranging from 22% to 72%.

The rainfall and hydrological deficits reinforce the
difference between important needs of water of a growing
population and the water resources which can be mobilized.
These changes are currently pushing policymakers to
rethink about the types of crops that can adapt to the new
climate of certain regions of the country, particularly in
western Algeria.
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