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ABSTRACT: Western Algeria has been experiencing drought since the middle of 1970's, 
which is characterized by severity and a remarkable persistent of rainfall deficit. The effects of 
this drought are also felt in the extreme east. The aim of this study is to identify the variations 
of climate in order to predict and analyze their impact on water resources in future work. The 
selected study area includes 15 basins of the North of Algeria. Rainfall data from 86 precipitation 
stations with low precentages of missing data were used in this study. All of these stations' data 
have been utilized at least over the period 1930-1999/2000, on which the study focused. To 
explore rainfall variability, long series of rainfall on annual, seasonal, and monthly scales were 
subjected to statistical tests for detecting breaks in those series. Statiscal methods used are U 
Buishand, the non-parametric test of Pettitt, the procedure of Bayesian Lee and Heghinian and 
the procedure of segmentation of Pierre Hubert. The univariate analysis showed a change in 
the rainfall pattern in the western region since 1975. However, in east of Algeria, no break was 
detected by the application of these methods. 
Keywords: Rainfall patterns, drought, Statistical test, North ofAlgeria. 
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INTRODUCTION 

northern part ofAlgeria is 
a Mediterranean climate with a relatively cold 

and rainy winter, warm and dry summer. 
rainfall reaches about 400 mm in 

about 700 mm in the center and about 
1000 mm the east at the coast. This type 

also predominates the mountain chains of 
Atlas, where on the eastern the 

rainfall varies from 800 to 1600 mm, while 
values are lower towards the center (700 to 1000 

towards the west (600 mm). 
At the plains of the Tell Atlas, total 

from about 500 mm in the to 
mm in the center, and to about mm 

east. The Saharan Atlas is distinguished 
hot dry summer, mild in winter with 

of Western Algeria has been 
the middle of 1970's, 

by severity and remarkable 
deficit. The effects of this 

are also the extreme east. The aim 
is to identify the variations of climate 

to predict and analyze their impact on 

water resources. 

AND METHOD 

Study Area 
study area lies 

76 " Wand 8° 65' 06" 
, 44" Nand 37° 03' 46" N 

15 major basins, and is 
relief with a total 

west to the and are concentrated 
from September to May. 

of climate change in 
requires a long-term 

In to ensure a good 
region, 92 rainfall 

recording periods possible 
stations with large 

were rejected (5 years). 
number the stations for 

the study was distributed 
throughout 

+N Mediterranean sea 
w ~ 

s 

q 100 
KM Q Precipitation station 

and the Used Rainfall Stations. 
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Statistical Methods 
We will treat the information 

in the The study is 
by the application of statistical tests 

breaks of rainfall at 
of methods depends 

foundation. 
that 

the statistic U 
1984) the test of 

method of 
1977) and 

(Hubert, et ai. 1 
power and robustness of 

methods have the subject of the 
work made by Niel-Iubes, (1998), and 

a 
(Hubert, 

most has been 
assessment with a 

1 and their 
Hubert, 2003). 

1. Pettitt Test (Pettitt, 1979, in: Aka, et al. 1996) 

of testing null of "no
1:::: N against the alternative of"change", 

A: 1 :s; t < N, using a 

random variables Xl' 
is said to have a 
t== 1, ... , t a common 

(X), for t == t +1, ... , 
(X), and FI (X) :;: 

of independent 
sequence 

at t if X 
t 

function, 

are continuous", 
Mann

can be problem 
derives approximate significance 

probabilities for testing "no against 
"change" 

X.) where (X) == 1 if X > 0;
J 

-1 if X < consider 

the Ut,N is equivalent to a Mann-
Whitney statistic for testing that two samples 
XI p", " .. , XN come the same 
population. statistic U • is then considered for 

t N 

t 1 :s; t < N". "for 

test of against 
use of the 

ob(KN > k) ~ 2 

t is observed. 

Gi ven a risk, n, 
hypothesis is rejected, if 

exceeding the value 
includes a 

of first kind, null 

and Heghinian K~'u"~.<:an Method 
Heghinian, 1977, et at. 1996) 

The Lee and Bayesian method 
a parametric It requires a 

normal distribution The 
the procedure is as 

i .. ,T } 

i T+ 1, ... ,N 

Where the c. are normally
I 

of zero mean (J'2. 

respectively 
magnitude of a 

approach is 
distributions of l' t!i (Lee and 

1977). This study was limited to the 
posterior distribution of 1', When distribution 

the date of the is assessed by 
the posterior of 1'. This 

assessment is more accurate dispersion 
is low. 

3. The Buishand Statistics (Buishand, 1982, 
1984, in: Aka, et al. 1996) 

statistic comes from an 
original formulation given (1969): 

;)C<l''';)'llv for a 
in the mean at unknown 

N 

-X)I r with== 
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Where Pk denotes the pi or probability that the 
shift occurs just after the K'h observation".This 
formulation supposes that the variance (j2 is 

x 
known. If it is unknown, it can be replaced by the 
sample standard deviation, D ' and, if a uniform x 
prior distribution is chosen for Pk, one obtains 
the statistic U defined by: 

N- ' 
'L (Sk l Dk) 2 

N 
U=-,,-k~...:....'___ with D~ = 'L(X, - X) 2I N 

N(N + 1) I =l 

Critical values of the statistic U were 
first given by Buishand (1982) from a Monte 
Carlo procedure. Improved critical values are 
given in Buishand (1984). 

In addition to these different methods, 
the construction of a control ellipse allows an 
analysis of the homogeneity of the (X.) series. 

1 

The Sk variable, which is defined within the 
framework of Buishand Statistic, follows a 
normal distribution of zero mean and variance 
keN - k)N-J (j2, k = 0, ... , N under the null 
hypothesis of the homogeneity of the Xi series . 

This control ellipse was used here only 
to estimate visually the importance of the 
deviations under the null hypothesis of the 
homogeneity of the series. 

Before using these methods concerned 
with the homogeneity of the series, the 
correlation test on rank (Kendell and Stuart, 
1943 ; WMO , 1966) was systematically 
used, enabling an evaluation of random 
character of the series X . This test is based 

1 

on the calculation of the number of pairs P 
for which X > XU> 1 with i = 1, ... , N - 1).

J 1 

Under the null hypothesis, the (0 variable is 
defined as: 

0= 4P -1 
N(N -1) 

Follows a normal disrtribtion with a zero mean 
and a variance equal to : 

2(2N +5) 

9N(N-l) 

The alternative hypothesis of this test is a trend. 

4. Segmentation of Hubert (Hubert, etal. 1989, 
1998; Hubert, 1997; Zbigniew, et al. 2000). 

Given a time series composed of n 
numerical values: X I = 1, 2, . . . . , n. A series 

. < . <. h 
1 

. 1 d · < . II dX I, II - I _ 12 were II;;:: an 12 _ n IS ca e 
a segment of the initial series. Each division of 
the initial series into m segments constitutes an 
m-order segmentation of this series. Thus, given 
a particular m-order segmentation of the series, 
and given i , k=1, 2, . .. , m, the rank in the initial 

k 

series of the extreme end of the k-th segment (by 
convention, we will pose io=O) , 

i 0 = 0 -< .... -< i k ... ... -< im-I -< im =n 

One can note n =i - i _, the length of the k -th 
k k k 

segment, and X its mean (local mean): 
k 

dK = 'L (X; - Xk )2 
1- /,1;_1 +1 

and define the quantity: 
k...m i -= i ;; k-m 

Dm =DU" i2 ,···· ·,im) ='L 'L (X; -Xk) 2 =Idk 
k= l 1= 11 _1 +1 k",, 1 

as the quadratic deviation between the series 
and the considered segmentation. This deviation 
depends only, for a given series, on the adopted 
segmentation. 

For m= 1 and m=n, there IS only one possible 
segmentation: 

11 = n 

Where (J is the standard deviation of the initial 
series and: 

For any order m between 1 and n, there exist 
several possible segmentations. 

RESULTS AND DISCUSSION 

Variability of Annual Rainfall 
North Algeria is subject to irregular 

spatial and temporal variations of rainfall. To 
characterize this inter-annual variability, we 
defined the various descripti ve characteristics of 
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series with a common observation 
chosen the 1 and 

assess the of annual rainfall, 
we simple climate formulas are 
to a good information to allow effective 
representation the phenomenon. We 
the of variation as a 

The coefficient of variation varies 
20% and at Souk station 

(in east of Algeria) and at the level 
station (northern boundary of Sahara), 

respectively (Figure 2). 
To understand the spatial 

and hpt·u!~'pn precipitation 
and studied 

as 

mm at 1 mm at 
Aouf station. 
In the meridians 10 

60' E, variability is 
and near to normal. of variation 

at Djebahia 
respectively. 

with a 

80' E and 
in studied 

area and the IS rainfall 
126.7 mm at station 

and 384.4 mm at Borj Ghdir station. 
coefficient vanatIon 49% at the 

of Biskra. 
4- meridians 00' E there 

is an irregular variability 
and 36% at Ahras 
station, 

irregular 

.7mm. 


study inter-annual variability 
over the period 1930-2000 the central and 
western of North shows that 

deficit is observed 
1980's the 1990's. 

major droughts 
rainfall was or in excess of 
the 
wet 

At Ain Fekan station, 7 ~""".>~,~vu 
between the late and early 50's 

are year, 
1930, is observed in the early (1982-1983); 
during this the annual rainfall reached a low 
of 32.5 mm at Oued station. was the 
case of stations the Maghreb the 
Sahel. 

the extreme east, variations are not 
similar to the other two The 
is in that area has experienced 

rainfall trend that started 
1 'so From 
was a rainfall 

It should emphasized that 
the second exceptional nor 

Algeria. 

Detection of Discontinuities within Series 
Climatic changes recent 

had a influence on water resources 
(groundwater recharge and filling), as well 
as agricultural yield (Ketrouci, These 

urged to review the 
crops can adapt to new vB''''''''''"' 

at certain ....."''''''' of the particularly west v 

Algeria. 
stationarity or non-stationarity 

rainfall series is of interest specialists 
In different water-related disciplines and 
applications , hydrology, agriculture, water 
resource management, etc.. The detection of 
one or more break rainfall gives 
information on trends of 
rainfall in a can 
considered as to the parameters 

the probability law of random 
In this an attempt is made to show this 
evolution by the determination of year 
or of break in the 
determine seasonal and monthly evolution 
that have on cycle and 
renewability of water resources. 
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Table 1. Descriptive Characteristics of Annual Rainfall Series. 

Station Averagee Minimum Maximum Standard Deviation CV maximin 
Rechaiga 280.24 104.18 503.45 96.30 0.34 4.8 

Mehdia 386.98 203.80 735.20 101.00 0.26 3.6 

Sougueur 361.49 115.50 730.50 120.87 0.33 6.3 

Dahrnouni Trumulet 418.95 176.20 748.40 118.02 0.28 4.2 

Colonel Bougarra 335.57 173.30 527.10 83.12 0.25 3.0 

Tissemsilet 394.83 169.60 784.70 118.60 0 .30 4.6 

Boughzoul 195.75 81.30 359.00 62.56 0 .32 4.4 

Zoubiria Mougomo 540.65 239.10 932.70 137.23 0.25 3.9 
Ghrib Bge. 510.77 251.10 868.30 127.54 0.25 3.5 

Oued Sly 349.70 129.60 611.10 116.31 0.33 4.7 
Sidi Hosni 387 .56 129.40 763.70 146.18 0 .38 5.9 
Ammi Moussa 380.88 192.80 627 .50 111.49 0 .29 3.3 

Kenenda Ferme 423.64 102.90 894.00 165.38 0.39 8.7 

Frenda 437.57 237.30 705.10 ] 16.03 0.27 3.0 

Ain EI Haddid 374.22 169.80 627.00 ] 10.07 0.29 3.7 
Meurad Bge. 671.64 366.00 1196.60 183.00 0.27 3.3 
Hamiz Bge. 783 .91 388.00 1389.50 208.72 0.27 3.6 
Alger Port 745.67 439.30 1264.10 180.65 0.24 2.9 

Zardesas Bge. 669.87 333.60 1095.80 152.42 0 .23 3.3 
Berrahal 653.18 261.60 1212.50 179.12 0.27 4.6 
Tarnazourah 409.62 165.70 720.20 1]8.24 0.29 4.3 

Stidia 363.84 123.90 645.40 121.08 0.33 5.2 
Oran 375.80 167.30 661.00 114.36 0.30 4.0 

Ain Ouessara 262.57 110.43 556.40 86.64 0.33 5.0 

Borj Ghdir 384.40 119.70 783.10 122.67 0.32 6.5 

Ksob Bge. 235.56 89.40 403 .90 69.64 0.30 4.5 

N'gaous 261.85 16.60 653.05 105.85 0.40 39.3 

Constantine 511.36 291.00 889.30 117.01 0.23 3.1 

Tadjrnout 2 157.32 5.50 337.50 75.45 0.48 61.4 

Biskra 126.66 14.63 351.10 62.31 0.49 24.0 

Biskra secteur 110.22 6.31 238.63 41.38 0.38 37.8 

Ain Beida 380.65 160.50 691.50 94.58 0.25 4.3 

Mederissa 326.35 159.70 595.50 82.31 0 .25 3.7 

Djebahia 640.60 335.50 1389.10 ]93.05 0.30 4.1 
Oued Athrnania 417.61 119m 1194.60 173.67 0.42 10.0 

Bou Malek M.e. 483.37 204.60 847.15 148.14 0.31 4.1 

Sidi Ali Ben Youb 377.56 79.90 621.20 104.30 0.28 7.8 

Tessala 440.70 134.30 953.99 161.63 0.37 7.1 

Ain EI Hadjar 384.00 54.80 997 .80 174.44 0.45 18.2 

Saida 342.26 157.90 595.60 97.72 0.29 3.8 

Oued Taria 304.47 32.50 582.90 113.45 0.37 17.9 

Ain Fekan 368.89 166.00 616.60 118.48 0.32 3.7 

AoufM.F. 566.14 205.90 991.20 175.72 0.31 4.8 

Bouhanifia Bge. 321.11 135.00 479.00 87.34 0.27 3.5 

Mohamadia GRHA 347.94 165.60 515 .90 89.56 0 .26 3.1 

Souk Ahras Sub. 551.39 344.31 922.80 111.58 0 .20 2.7 

Souk Ahras 757.98 369.80 1389.70 231.77 0.31 3.8 

Ain Kebira 365.77 155.90 746.20 133.24 0.36 4.8 

Boukhadra 355.11 158.21 761.50 ] 15.16 0.32 4.8 

Mechroha 1021.66 298.60 1811.30 326.24 0.32 6.1 

Bouchegouf 543.94 279.30 838 .56 136.37 0.25 3.0 

Ain Berda 606.37 360.60 880.25 127.02 0 .21 2.4 

Maghnia 397.83 143.90 724.80 142.04 0.36 5.0 

Djelfa 263.64 42.30 688.05 114.47 0.43 16.3 
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Figs. Relation Annual Rainfall and 

to each 
of these tests are consistent in the 
a in the even 

generally, 

if the 
several tests sometimes, by few 
interpret results, we sketched a 

map on which 
(Figure 
more 
E 8° E no 

spite of the 
the last two 

the point 
1970-1 

the obtained 
,.""",,,... of 

area between longitudes 6° 
break could be detected 

rainfall 

annual 
a reality. 

Seasonal Scale 
In a hydrological tests for 

breaks were used seasonal 
their contribution 

For the 

winter 
rainfall 

reduction 
of annual of rains 
autumn and summer, no rupture was 
detected. rainfalls and 
contribute to the evolution 

tests for detection 
of 

interpret we also 
a map on which we present the obtained 

(Figure 4). for 
the decline in rainfall in the area 
longitudes 00 'Wand 6 ° 00' 

rainfall rate (Figure show 
discontinuity between years and 1980 
for most the rainfall stations. rainfall 
rates have seen a considerable up to 
80% for the Ali Youb; rainfall 
deficits during this season are considerable and 
important. It is important to note that, at this 

1 ° 60' 
the Algeria, specifically, 

it was ""V'''d'........'U 

area between 
00' E, had eXCierH~nC(~a 

stationary of 

-The rainfalls ofwinter and spring are responsible for 

recorded 

of annual rainfall the area 
00' W. and 1 

area np,c"">,,n meridians 1 °60' 
and 6° 00' 

-From the 6th Meridian East, no breakin the seasonal 
is recorded. 
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:\W+I ~ 
-l'OO'W-------OOOO'~-----· -roo'--E 4'00' E 6"00' E~- 8"00' E 

Km • No break 

Figs. 4. Cartographic Sketch of the Results Obtained for Winter Season. 
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for all months of the 
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of the stationarity of the rainfall 
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.. Brl'ak between 1970-980 

• No breakKm 

5. Cartographic of Results Obtained at the Seasonal Scale - Season. 

rainfall explains 
the consequences by and 
other water users (i.e., drinking water). the 

this development had a 
impact on the development the area 

between 2° Wand findings 
should help policy to on 
the nature agricultural practices in the region 
"p{'tprl by this nIH'n"rrlP 

Monthly Scale 
contribution of the rainalls of winter 

and spring reducing is 
better decrease at a more finer scale, 

a study on a monthly to the change is 
conducted by applying all methods 

results 
winter rainfalls, including 

December and January, and the 
(March and April) seen a 

as 

a huge 
deficits between % and 

December showed 
(Figure 6). 

rainfall of January have 

The rainfall the 
a decline npl·u,~.pn 

The rainfall deficits March ranged hpt'ulf",>n 

37% and April, the deficits 
(Figure 8). 

CONCLUSION 

study of of breaks in 
rainfall indicated a change in the rainfall 
pattern 1970-1980 for 
most of the rainfall stations in North Algeria, 
as well as in the area the extreme east 

6° W longitude and 8° W. 
pluviometric 

in Algeria during 70's and 80 has spared 
east of the country. However, it is role 

of climatologists and to find 
causes of these changes to explain 

phenomenon. 
application of 

seasonal rainfalls, 
it is the rainfall of the winter and 
recorded a break in the 
1970-1 At the monthly 
of the two rainy seasons 

months 

the most and 
have registered 
most 

decreases are the months 
March and April. 

http:npl�u,~.pn
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