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Abstract
The current study was carried out in the Cheliff watershed in Algeria, to assess the drought
severity and analyze the significance of the spatiotemporal trend of annual rainfall during
the period from 1914 to 2011. In this study, the rainfall series of eight stations were
subject to standardized precipitation index (SPI) analysis, homogeneity tests, trend analysis and
exponential smoothing in order to make a short time rainfall prediction. The results showed
that the annual rainfall amount was highly dependent on latitude and elevation. Through the
SPI analysis, a severe dry period closely related to the North Atlantic Oscillation (NAO) was
observed during the last three decades in the Cheliff watershed, the most significant negative
trend in the annual rainfall was registered above a latitude of 35°; indeed, above this latitude,
there was a highly significant decrease in the probability of exceedance of a specific precipitation
amount during the last 30 years. The major rainfall shift occurred around 1980, and according
to simple exponential smoothing, the area will witness relative rainfall stability below a latitude
of 35° and a small increase above this latitude over the next 10 years.
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Introduction

With the recent climate changes, water scarcity has
become a matter of prime concern for any development
and effective water resource management (Magadza, 2000;
Mondal et al., 2012). According to Taxak et al. (2014)
rainfall is one of the key climatic factors affecting the spatial
and temporal water availability, thereby the importance
of drought and rainfall trend analyses in studying the
impacts of climate change for water resources planning and
management (Haigh, 2004). In this context, drought is the
most complex and least understood of all natural hazards,
affecting more people than any other hazard (Wilhite, 1993),
in contrast to the permanent aridity in arid areas, drought
is a temporary dry period and a recurring extreme climate
event over land, characterized by below normal precipitation
over a period of months to years (WMO, 1975; Dai, 2011),
it occurs when there is a prolonged absence, deficiency
or poor distribution of precipitation compared with the

normal pattern (Subash and Ram Mohan, 2011), its intensity,
magnitude and duration are best characterized by analyzing
long-term time series rainfall data (Kumar et al., 2012).
Many indices have been developed to measure drought,
such as the simple rainfall deviation and Palmer Drought
Severity Index (PDSI) (Alley, 1984). The basis of drought
indices mostly depends on the magnitude of the deviation
from the average of a long-term rainfall series during a
particular period, among these indices, the Standardized
Precipitation Index (SPI) developed by McKee et al. (1995)
has been widely used in recent years, due to its simplicity
and effectiveness in drought monitoring. The main weakness of the SPI is its total dependence on precipitation
while ignoring other parameters, such as temperature and
evapotranspiration. With regard to the Mediterranean basins,
as shown in this paper, the area experienced 10 of the 12
driest winter seasons since 1902 in just the last 20 years
(Hoerling et al., 2012). Cook et al. (2016) concluded an 89%
likelihood that the recent eastern Mediterranean 15-year
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Figure 1. Location of the study area.

drought (1998-2012) is drier than any comparable period
over the last 900 years, which confirms the exceptional
nature of this drought relative to natural variability. Most of
the climatic studies (Lamb and Peppler, 1987; Hurrell, 1995;
Rodrı́guez-Puebla et al., 1998; Mann, 2006; Ruiz-Sinoga
et al., 2012) found that the major cause of drought was
highly related to the North Atlantic Oscillation (NAO).
With regard to the trend leading to this severe drought, the
Mediterranean has experienced a decline in precipitation
since 1950 (Kelley et al., 2012), the most significant negative
trends are those observed in the central and southern regions
(Longobardi and Villani, 2010).
In this context, based on the general consensus about
decreasing rainfall and water shortage in Algeria, the main
objectives of this study conducted in the Cheliff watershed, a
south Mediterranean area, are to assess the drought severity
through the SPI and to analyze the long-term trends in
annual precipitation over the past hundred years.

2
2.1

Material and methods
Study area

The Cheliff is the largest watershed in northern Algeria;
it extends over an area of 46,600 km² (2% of the country’s
total area) and is between 33°51’55”N and 36°27’00”N and
0°7’41”E and 3°26’30”E (Fig. 1). It is divided into three
main parts; the lower, the middle and the higher Cheliff
Tethys 2017, 14, 10–22

and encompasses eight states; Laghouat, Djelfa, Tiaret,
Tissemsilt, Médéa, Ain-Defla, Chlef and Rélizane (Table
2). This watershed is well-differentiated morphologically,
geologically and pedologically, with a rugged topography in
the middle and higher Cheliff level and a flat topography in
the lower Cheliff level, the elevations range from 40 m in the
lower Cheliff level to 1,600 m in the higher Cheliff.

2.2

Data analysis

The study involved a series of rainfall data of 98 years
from 1914 to 2011, collected through the eight states in the
Cheliff watershed, with four missing years: 1918, 1969,
1970 and 1972. Based on the WMO normal climatological
period (WMO, 1989; Arguez and Vose, 2011) and on the
minimum sample size required for a normal distribution (N
(0, 1)), the series was divided into three periods of almost
31 years each. In order to compare the average annual
rainfall between the three periods, an analysis of variance
(ANOVA) was performed using a trial version of XLSTAT
2016.1. To study the rainfall behavior during the last century,
the series were analyzed using the Standardized Precipitation
Index (SPI) (McKee et al., 1993, 1995). The SPI was
computed on an annual scale based on the shape (β) and
the scale (α) parameters of the gamma distribution function,
indeed, as confirmed by the Kolmogorov–Smirnov test in this
study, Thom (1966) found that the precipitation time series
were well fitted by the Gamma distribution. The SPI was
computed using an approximation provided by Abramowitz
11
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Table 1. Elevations and coordinates of the eight stations
Rélizane
Chlef
Tissemsilt
Elevation (m)
74
112
883
Latitude
35º43’45” 36º10’11” 35º36’04”
Longitude
0º33’41”
1º19’55”
1º48’27”

Tiaret
1023
35º22’24”
1º19’14”

and Stegun (1972) that converts cumulative probability to the
standard normal random variable Z (Equations 1 to 9).


c0 + c1 t + c2 t 2
SP I = − t −
1 + d1 t + d2 t2 + d3 t3
(1)
if 0 ≤ H(x) ≤ 0.5


c0 + c1 t + c2 t 2
SP I = + t −
1 + d1 t + d2 t2 + d3 t3
(2)
if 0.5 < H(x) ≤ 1
where:
v
u
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u
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(4)

Since the gamma distribution is not defined for x = 0 (no
rainfall event), and the probability of zero precipitation q =
P(x = 0) being positive, the cumulative probability becomes
(Edwards and McKee, 1997):
H(x) = q + (1 − q)G(x)
R x α−1 − x
x
e β dx
G(x) = 0 α
β Γ(α)
q
1 + 1 + 4U
3
β=
4U
x
α=
β

(5)
(6)

(7)
(8)

Σln(x)
(9)
n
c0 ,c1 ,c2 ,d1 ,d2 ,d3 are constants equal to: c0 = 2.515517;
c1 = 0.802583; c2 = 0.010328; d1 = 1.432788; d2 =
0.189269; d3 = 0.001308. Positive SPI values indicate
greater than median precipitation, and negative values
indicate less than median precipitation. Because the SPI is
normalized, wetter and drier climates can be represented in
the same way, and wet periods can also be monitored using
the SPI (Bordi and Sutera, 2007; Kostopoulou et al., 2017).
Equations 6, 7, 8 and 9 were computed using EXCEL
software. The SPI drought classification (Table 2) was
suggested by McKee et al. (1993). In order to test the
reliability of the SPI results and to detect the shifts in

Médéa
935
36º15’59”
2º44’59”

Meliana
740
36º18’26”
2º13’28”

Djelfa
1155
34º39’34”
3º15’54”

Table 2. Elevations and coordinates of the eight stations
SPI values
Drought category
2.00 and above
Extremely wet
1.50 to 1.99
Very wet
1.00 to 1.49
Moderately wet
-0.99 to 0.99
Near normal
-1.00 to -1.49
Moderately dry
-1.50 to -1.99
Severely dry
-2.00 and less
Extremely dry

rainfall patterns, if any, the Pettitt (1979) and Buishand
(1984) homogeneity tests were applied. The Pettitt test is
a nonparametric test that requires no hypothesis about the
distribution of the data. It is an adaptation of the rank-based
Mann-Whitney test that allows the time at which the break
occurs in hydrological or climate series with continuous data
to be identified. In this test, Pettitt (1979) described the
null hypothesis (H0) as being that the variable T follows
a distribution that has the same location parameter (no
change), and the alternative hypothesis (Ha) as being that at
a time t there is a change of distribution. The Buishand test is
a parametric test, applied for a series with at least 10 values, it
requires the data to be normally distributed. This test is used
to detect a change in the mean by studying the cumulative
deviation from the mean. According to Buishand (1984) the
null hypothesis (H0) is that the data are homogenous and
normally distributed and the alternative hypothesis (Ha) is
that there is a date at which a change occurs in the mean.
According to Toreti et al. (2011), the comparison of detected
break points by several tests gives robust results avoiding
overestimation. The homogeneity tests were followed by a
trend analysis using the Mann-Kendall test (Mann, 1945).
The Mann-Kendall statistic S is given by:

U = ln(x) −
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Laghouat
775
33º47’50”
2º52’10”

S=

n−1
X

n
X

sgn(xj − xi )

(10)

i=1 j=i+1

The associated variance is calculated as:
m

V (S) =

X
1
[n(n−1)(2n+5)−
tp (tp −1)(2tp +5)] (11)
18
k=1

where: sgn is the signum function, m is the number of the
tied groups in the data set and tp is the number of data points
in the pth tied group.
The statistic S is approximately normally distributed if
12
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3

the following Z-transformation is employed:
S+1
S−1
S > 0; 0 if S = 0; p
if S < 0
Z(S) = p
(V (S)
V (S)
(12)
Positive Z(S) indicates an increasing trend and negative
Z(S) indicates a decreasing trend.
Both, homogeneity and Mann-Kendall tests are widely
used in time series analysis and allow the detection of any
possible changes in the rainfall patterns. The influence of
the North Atlantic Oscillation (NAO) (Jones et al., 1997)
on the rainfall regimes was tested through the correlation
coefficient between SPI and NAO time series. Following the
SPI analysis, the series were compared in terms of rainfall
probability of exceedance using the gamma distribution.
Finally, the series relative to the eight states were subject
to simple (single) exponential smoothing and forecasting
model (St ), in order to make a short time (10-year) rainfall
prediction. The model is useful when the data have no
trend (Fildes et al., 1997; Kalekar, 2004), in this case, the
data are assumed to be relatively constant with random
errors causing fluctuations (Chernick, 1972). The simple
exponential smoothing is calculated according to Equation
10 for any time period t.
St = α × Xt + (1 − α) × St−1 0 < α ≤ 1, t ≥ 3 (13)
Depending on the value of α parameter ranging between
0 and 1, each smoothed value is the weighted average of
the previous observations and the best value of α is that
resulting in the smallest mean squared errors (M SE). In
this model, all the subsequent values are highly dependent
on the initial value of St , calculated usually according to
Ostertagova and Ostertag (2011) as the average of the first
five or six observations. The performance of the single
exponential smoothing was then assessed using the tracking
signal (T S) (Equation 14) (Mahadevan, 2009).
T S = SF E/M AD

(14)

where SF E is the Sum of Forecast Errors and M AD is the
Mean Absolute Deviation
SF E =

n
X

t with t = Dt − Ft

(15)

i=1
n

M AD =

1X
|t |
n i=1

(16)

where t is the difference between the demand (Dt ) and the
forecast (Ft ) for a period t.
The most common boundary of the T S is ±3 standard
deviations (3.75 M AD) (Brown, 1959; McClain, 1988;
Kachru, 2007; Li, 2007), if the tracking signal is greater than
+3.75, the forecast tends to exceed the current and if it is
less than −3.75, the forecast tends to be below the current,
and beyond ±3.75 the forecast becomes biased.
Tethys 2017, 14, 10–22

Results

The spatial distribution of the annual rainfall showed
that the rainfall variability was highly dependent, first on
latitude and secondly on elevation. The amount of rainfall
through the three periods increased gradually from south to
north, especially above a latitude of 35° and from low to high
elevation, particularly above 700 m. In this context, 48% of
the annual rainfall in the Cheliff watershed fell above a latitude of 36°, 34% between a latitude of 35° and 36° and only
19% of the annual rainfall fell below a latitude of 35°; the
highest annual precipitations were observed respectively in
the state of Meliana, Médéa, Tiaret and Tissemsilt. Rélizane
and Chlef, despite their proximity to the Mediterranean Sea,
registered low rainfall due to their low elevation, whereas in
Laghouat and Djelfa, in spite of their high elevation, the rainfall limiting factor was the low latitude (Fig. 2).
Over the last hundred years, the annual rainfall in the
Cheliff watershed has undergone very significant variations,
the highest variability occurred above a latitude of 35°. Indeed, in comparison to the first (1914/1946) and the second
period (1947/1979), the third period (1980/2011) was significantly less rainy. The previously very wet states, such as
Meliana, Médéa, Tiaret and Tissemsilt, lost an average rainfall ranging between 100 and 200 mm during the third period
(1980/2011) (Fig. 2).
As shown by high standard deviations, ranging between
a minimum of 35 and a maximum of 125 mm (Fig. 3a), the
precipitations were highly unstable in the Cheliff watershed
during the first period (1914/46). During the second period
(1947/79), the annual rainfall was more stable with relatively
low standard deviations ranging between 25 and 65 mm, indicating a stable wet period (Fig. 3b), and between 25 and 95
mm during the third period (1980/2011), suggesting a stable
dry period in comparison to the two preceding periods (Fig.
3c).
According to ANOVA results (Table 3), the differences
were highly significant (p < 0.001) between the three periods
in Chlef and Tiaret, whereas, in the second period, rainfall
was only significantly different (p < 0.001) from the third
period in Rélizane, Médéa and Meliana. However, no significant differences (p > 0.05) between the precipitation averages were observed below a latitude of 35°, i.e. Djelfa and
Laghouat. Finally, in terms of total annual rainfall, the three
periods showed highly significant differences (p < 0.001).
The long-term precipitation patterns in the Cheliff watershed were identified through the 12-month (yearly) SPI
(Fig. 4). The SPI showed different behaviors in close relationship with the rainfall variability, in the normally dry
area at below a latitude of 35° (Laghouat and Djelfa) the SPI
showed no significant pattern, only a continuous alternation
between very short dry and wet periods (Fig. 4a and 4b), especially Laghouat at below 34°, which illustrates a climatic
stability and confirms the dry nature of the area. In contrast to
the dry area, the SPI showed an alternation of clearly longer
dry and wet periods in the area above a latitude of 35°; above
13
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Figure 2. Annual rainfall distribution in the Cheliff watershed (a) 1914/1946, (b) 1947/1979, (c) 1980/2011.

Figure 3. Rainfall standard deviation maps (a) 1914/1946, (b) 1947/1979, (c) 1980/2011.
Table 3. Results of the analysis of variance between the three periods
Rélizane
Chlef
Tissemsilt
Tiaret
Laghouat Djelfa Médea Meliana
Total
1914/46
338a
398a
463a
572a
184a
320a
700a
907a
3883a
1947/79
347a
434b
521b
630b
185a
337a
741a
951a
4145b
1980/11
302b
364c
442a
509c
189a
314a
606b
744b
3470c
P-value
<0.001
<0.001
<0.001
<0.001
0.825
0.119 <0.001 <0.001 <0.001
∗
The indices a, b and c refer to the three average rainfall periods in each state. The non-significantly different averages are assigned the
same index, whereas the significantly different averages are assigned different indices.

this latitude the longest and most severe dry period occurred
in the state of Rélizane at an elevation of 74 m (Fig. 4c), indeed, after a continuous wet period of 12 years (1947-1959)
the whole area of the lower Cheliff underwent a dry period
of almost 52 years from 1959 to 2011, excluding a few scattered normal years. With the increasing elevation from west
to east, the dry period became relatively shorter, indeed, according to the SPI results, after an oscillatory period of 27
years between 1914 and 1940, the state of Chlef, at an elevation of 112 m, was subject to two clearly distinct periods

Tethys 2017, 14, 10–22

(Fig. 4d); a wet period of 37 years from 1942 to 1978, followed by a normal period of eight years, according to the SPI
scale, and a severe dry period of 20 years (1987-2006). The
same pattern was shown at greater elevations (above 700 m),
indeed, the four states of higher Cheliff showed an oscillatory
period, followed by a wet period of 29 years (1947-1975) in
the states of Tiaret and Tissemsilt, 43 years in Médéa (19331975) and 48 years in Meliana (1928-1975), then a normal
period of five years from 1975 to 1980, followed by a very
long dry period of almost 26 years (1980-2006) in the four

14
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Figure 4. Standardized precipitation index (SPI), (a) Laghouat, (b) Djelfa, (c) Rélizane, (d) Chlef, (e) Tissemsilt, (f) Tiaret, (g) Médéa and
(h) Meliana.
Tethys 2017, 14, 10–22
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Figure 5. Homogeneity analysis and shift detection (a) Laghouat, (b) Djelfa, (c) Rélizane, (d) Chlef, (e) Tissemsilt, (f) Tiaret, (g) Médéa
and (h) Meliana.
Tethys 2017, 14, 10–22
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Table 4. Correlation coefficient between NAO and SPI in the Cheliff Watershed. Bold types indicate a significant correlation at α = 5%.
SPI
Rélizane Chlef Tissemsilt Tiaret Laghouat Djelfa Médéa Meliana
1914/2011
-0.35
-0.51
-0.37
-0.41
0.15
-0.11
-0.53
-0.56
NAO
1980/2011
-0.69
-0.69
-0.88
-0.87
0.05
0.04
-0.88
-0.87

Table 5. Mann-Kendall trend test of the rainfall in the Cheliff watershed.
Laghouat Djelfa Rélizane
Chlef
Z(S)
0.64
-0.21
-4.14
-1.59
P-value
0.522
0.834 <0.0001
0.111
Relative change
0
0
-12.5%
-12.3%

states (Fig. 4e, 4f, 4g, 4f).
Above a latitude of 35°, the precipitations were highly
affected by the North Atlantic Oscillation (NAO), indeed as
shown by the correlation coefficient (Table 4) there was a
highly significant negative correlation between SPI and NAO
in Rélizane, Chlef, Tissemsilt, Tiaret, Médéa and Meliana,
whereas the dry area below a latitude of 35° was less sensitive to the NAO, as indicated by low and statistically nonsignificant correlation coefficients registered in Laghouat and
Djelfa.
Considering the SPI results, the homogeneity analysis
did not show any change below a latitude of 35° in Laghouat
and Djelfa, indeed the Buishand (1984) and Pettitt (1979)
tests, did not detect any significant shift, only an alternation
between dry and wet years around a respective mean of 186
mm in Laghouat and 323 mm in Djelfa (Fig. 5a, 5b). The
remaining states above a latitude of 35° showed a highly significant (p < 0.001) decrease in the amount of rainfall according to the Buishand (1984) and Pettitt (1979) tests. The
early shift occurred in Rélizane in 1959, thus, the lower Cheliff lost a yearly average of almost 50 mm after this year (Fig.
5c); in the state of Chlef the shift occurred later, during 1979,
after this year there was also a decrease of 50 mm in the middle Cheliff (Fig. 5d). In the four remaining states of higher
Cheliff, Tissemsilt, Tiaret, Médéa and Meliana, the shift occurred, according to both the Buishand and Pettitt tests, in
1980. In this area, the average yearly loss was around 50 mm
in Tissemsilt (Fig. 5e) and 90 mm in Tiaret (Fig. 5f). At
a higher latitude of above 36°, the average yearly loss was
more important around 120 mm in Médéa (Fig. 5g) and almost 200 mm in Meliana (Fig. 5h).
Above a latitude of 35º, all the stations showed a
high negative Z(S) (Table 5), signifying a decreasing trend,
the most significant negative trends were those observed in
Meliana (p < 0.0001), Rélizane (p < 0.0001), Tiaret (p <
0.01) and Médéa (p < 0.05). The trend observed in the
northern part of this area was further reflected by the relative change, which decreased by 10% to more than 20%
(Table 5). The same finding was mentioned by Miranda
et al. (2011). In accordance with the homogeneity tests, the
lowest non-significant Zs(S) were observed in Djelfa and
Laghouat, meaning the absence of trend below a latitude of
35º.
Tethys 2017, 14, 10–22

Tissemsilt
-1.10
0.271
-10.2%

Tiaret
-2.99
0.003
-15.6%

Médea
-2.46
0.014
-16.4%

Meliana
-4.39
<0.0001
-20.35%

In order to confirm the shift that occurred after 1980, the
three periods (1914/1946, 1947/1979 and 1980/2011) were
compared in terms of probability of exceedance of a specific precipitation amount. The results showed no significant change in terms of probabilities in Laghouat (Fig. 6a),
and a small decrease in Djelfa (Fig. 6b). In the six remaining states, the observed probabilities of the third period
(1980/2011) were much lower than the first (1914/1946) and
the second periods (1947/1979). In terms of extreme rainfall,
the probability of observing rainfall of more than 345 mm decreased from 0.55 during the first period to 0 during the third
period in the lower Cheliff (Rélizane). In the middle Cheliff (Chlef) the probability of an amount of 434 mm dropped
from 0.51 during the second period to 0 during the last period
(Fig. 6d). In the higher Cheliff the probabilities of a yearly
average of 495 mm in Tissemsilt, 595 mm in Tiaret, 725 mm
in Médéa and 895 mm in Meliana dropped respectively from
0.68, 0.78, 0.55 and 0.85 during the second period to 0 after
the shift of 1980 (Fig. 6e, 6f, 6g, 6h).
The near future rainfall tendencies in the Cheliff watershed were forecasted using single exponential smoothing
since this model is suitable for short-range forecasting of data
with no trend and based on the parameter α (0 < α ≤ 1), a 10year forecasting period was chosen (2011/2021) based on the
simple exponential smoothing of the whole 94-year period
for Laghouat and Djelfa, 50 years for Rélizane (1959/2011)
and the last 30-year period (1980/2011) for Chlef, Tissemsilt, Tiaret, Médéa and Meliana, the α parameter was chosen
to be equal to 0.5. The results (Table 5) showed that the
expected averages for the next 10 years (2011/2021) in the
driest area of the Cheliff watershed i.e. Laghouat (200 ± 69
mm), Rélizane (341 ± 46 mm) and Djelfa (347 ± 83 mm)
were relatively close to the observed current averages, 186,
302 and 323 mm respectively; indeed, the highest R2 between the observed and forecasted rainfall was recorded in
this area, which indicates a relative rainfall stability, while
the forecasted averages in the wet area (Chlef, Tissemslit,
Tiaret, Médéa and Meliana) were at least 50 mm higher than
the observed means (Table 6) signifying an increasing rainfall tendency.
The forecast accuracy was assessed using the tracking
signal (TS), according to which the best forecasts were respectively those related to Laghouat, Djelfa, Rélizane, Chlef,
17
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Figure 6. Cumulative density function and comparison between the probabilities of exceedance during the three periods (a) Laghouat, (b)
Djelfa, (c) Rélizane, (d) Chlef, (e) Tissemsilt, (f) Tiaret, (g) Médéa and (h) Meliana.
Tethys 2017, 14, 10–22
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Table 6. Exponential smoothing and prediction (α parameter = 0.5)
Laghouat
Djelfa
Rélizane
Prediction period
1914/11
1914/11 1959/11
R2
0.23
0.41
0.34
Forecasted
200
347
341
95% error of estimation
69
83
46
Real average
186
322
302

Tiaret, and Tissemsilt. Indeed, as shown in Fig. 7a, 7b and
7c, except for a few points below the TS lower limit, the
majority of the values were comprised between the TS upper and lower limits ±4, which indicates a good validity of
the exponential forecast, whereas the worst exponential forecasts were those related to the highly wet areas i.e. Médéa
and Meliana. In these areas, as shown in Fig. 7d, most of
the points were below the lower limit −4, indicating that the
forecasted values were below the current observations, which
suggests a highly biased forecast. Among the forecasted values, we note the total absence of overestimated values (above
the upper limit +4) throughout the Cheliff watershed. The
results also showed that the tracking signal (TS) was closely
related to the standardized precipitation index (SPI) with an
R2 varying between 0.69 and 0.76 (Fig. 7), in this context, it
was remarkable that the worst forecasts were always related
to the exceptionally dry years with an SPI lower than −1.

4

Discussion

The Cheliff watershed is a typical Mediterranean area
distinguished by hot, dry summers and relatively rainy
winters, except for the area below a latitude of 35º Laghout
and Djelfa with an arid to semi-arid continental climate.
Temporally, all around the Cheliff watershed, 41% of the
total precipitations fall during winter, 28% during spring,
26% during autumn and only 5% during the summer;
spatially the annual rainfall was highly dependent primarily
on latitude and secondly on elevation, 80% of the total
precipitations were recorded above a latitude of 35º and only
20% below this latitude. As reported in the Mediterranean
area by many authors (Longobardi and Villani, 2010; Arnone
et al., 2013), a strong negative trend was observed in the
northern part of the Cheliff watershed, the main climatic
shift according to the SPI and homogeneity analysis occurred
above a latitude of 35º around 1980. Indeed according
to Conversi et al. (2010), the major rainfall shift in the
Mediterranean area occurred at the end of the 1980s.
To this effect, the 1947/1979 rainfall was significantly
(p < 0.001) superior to the 1980/2011 rainfall above a
latitude of 35º, whereas below this latitude there was no
difference, the decrease in rainfall amount during the last
period (1980/2011) was accompanied by a high decrease
in the probabilities of exceedance of the different rainfall
categories. To confirm the rainfall shift, the observed
precipitations were divided into five quintiles (≤ Q1= very
Tethys 2017, 14, 10–22

Chlef
1980/11
0.22
427
86
364

Tissemsilt
1980/11
0.18
494
63
442

Tiaret
1980/11
0.19
585
103
509

Médea
1980/11
0.20
713
153
606

Meliana
1980/11
0.21
816
179
744

dry years; between Q1 and Q2 = dry years; between Q2 and
Q3 = normal years; between Q3 and Q4 = wet years and >
Q4 = very wet years) the results were strongly concordant
with those of the SPI, indeed the results showed that from
1980 to 2011, 81% of the years in Meliana, 75% of the
years in Médéa and Tiaret, 69% of the years in Tissemsilt,
66% of the years in Rélizane and 59% of the years in Chlef
were among the dry to very dry years, and 0% among the
very wet years in all the six states. Regarding Djelfa and
Laghouat, as identified by the SPI, the Pettitt and Buishand
tests, the percentages were almost evenly distributed between
the different classes, 44% in Djelfa and 38% of the years
in Laghouat were dry to very dry, whereas, 34% and 47%
respectively were distributed between wet to very wet years,
which confirms the climatic stability below the latitude of
35º.
In this Mediterranean area, as indicated by the strong
inverse correlation between SPI and NAO, the decrease in
the rainfall amount above a latitude of 35º was largely
influenced by the North Atlantic Oscillation, the influence
became stronger when only the last period (1980/2011)
was considered, indeed as reported by Lamb and Peppler
(1987) there was a strong inverse relationship between the
NAO and precipitation in northern Morocco, only 300 km
west of the Cheliff watershed, this observation was also
reported by many other authors (Hurrell, 1995; MunozDiaz and Rodrigo, 2004; Brandimarte et al., 2011; LopezMoreno et al., 2011; Bonaccorso et al., 2015). It is therefore
imperative to focus on the NAO probabilities evolution if
agricultural purposes are considered.
Although according to Kostopoulou et al. (2017) annual
precipitation is expected to decrease in the Mediterranean
region, the single exponential smoothing of the next ten
years showed variable forecasts. In the driest area of
the Cheliff watershed, the forecasted rainfall was very
close to the observed current average, indicating a relative
rainfall stability and thus the persistence of drought in this
area, while the forecasted averages in the wet area above
a latitude of 35º were slightly higher than the observed
means signifying a small increasing rainfall tendency, indeed
according to Kutzbach et al. (2014) and Buric et al.
(2015), a slight increasing tendency towards rainfall events
is suggested in the Mediterranean region.
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Figure 7. Tracking signal (TS) vs. SPI: (a) Laghouat, Djelfa (b) Rélizane, Chlef, (c) Tissemsilt, Tiaret and (d) Médéa, Meliana.

5

Conclusion

This study analyzed the Cheliff watershed rainfall based
on the data recorded over 94 years in eight stations. When
attempting to detect any potential changes in annual rainfall
over an area of 46,600 km2 in the south of the Mediterranean
through these records, a strong negative trend with respect
to the northern latitudes close to the Mediterranean was
detected, suggesting a successive dominant decrease in
annual rainfall amounts. The SPI and the homogeneity
test yielded very interesting results; after the 1980 rainfall
shift, the area witnessed an intense, prolonged dry period of
more than 30 years, highly affected by the positive values
of the North Atlantic Oscillation. The 30-year dry period
was accompanied by a strong decrease in the probabilities
of exceedance of a certain rainfall amount compared to the
historical wet period before 1980. Finally, the rainfall is
expected to fluctuate between the stability below a latitude
of 35º and a slight increase above this latitude.
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