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ABSTRACT. – Characterization of precipitation extremes and trends in two 

regions of North Africa. To identify extreme precipitation, we use the “Standardized 

Precipitation Index” (SPI) method designed to determine periods of climatic 

drought. This research attempts to assess the synchronization of cycles of precipitation 

and trends in two regions of the Mediterranean basin, the Soummam Valley (north -

east of Algeria) and the Cap Bon which forming a peninsula in north-east Tunisia. The 

results show a severe climate drought observed in these regions from the late 

eighties and a  rainfall return observed at end of the series ( but more 

confirmed in the Cap Bon region). 
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1. INTRODUCTION 

 
The climate change is now largely acknowledged by the scientific 

community. In its latest report the IPCC (IPCC , 2013) evaluates the average trend 

of the world temperature during the period 1880-2012 to 0.85 °C with an 

uncertainty ranging between 0.65 °C and 1.06 °C.  

While, on a global scale, the rise in temperatures is doubtless, the world 

precipitation evolution much less unequivocal, showing a great spatial-temporal 

variability. Despite this variability, and considering the temperature rise, a probable 

precipitations rise is expected in global average. Indeed, the acceleration of the 

hydrological cycle under the effect of high temperatures could trigger more 

precipitations and evaporation (WMO, 2013). 

The results of different studies on the precipitations’ evolution show as 

well that the climate change means intensified precipitations and recurrent extreme 

events (more obvious during the last two decennia 1991-2010, WMO, 2013) (New 

& al, 2001). In central Maghreb, a new humid climate stage has been noticed 

during the last few years (Nouaceur & al 2013). This return of the rains, if 

confirmed, could mark the end of several decennia of recurrent drought and 

announce an eventual durable return back to the “normal”. This hypothesis is 

supported by the recording of the impact of the different world climate oscillations 

(North-Atlantic-Oscillation; El Nino Southern Oscillation) on all the continents and 
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especially on the African continent (Lopez-Moreno & al, 2011). The forecasts vary 

from one model to the other, yet an increase global mean precipitation and higher 

frequency of several extreme climate events could be found in these global climate 

change projections (IPCC, 2007). 

 

2. AREA UNDER ANALYSIS, DATAAND METHODS 

 
2.1. Area under analysis 

 

The area analyzed includes two regions of Maghreb from the Tellian zone 

of North Africa with precipitation > 350 mm: Cap Bon (Tunisia) and Soummam 

Valley (Algeria) (figure 1). 

 

 
Fig. 1. Localization map (Soummam Valley and the Cap Bon)  

Situated in the North-East Algerian quarter, this last region is located in a 

valley lying between steep banks oriented south-west/north-east. It is limited in the 

north by the Djurdjura mountain chain, in the south by the Biban Range and by 

Djebels Mansourahand in the east, by the mountains of the Small Kabylie. It is a 

region bordered by abrupt slopes, where the altitude can vary significantly, and the 

highest peak (Lalla Khédidja, 2308 m). This orographic diversity influences the 

local Mediterranean climate, because in the low area one can note more humid 

climate, whereas on the high plateaus and in the south, the climate becomesmore 

continental and drier.  
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Cap Bon is a peninsula in north-eastern Tunisia. It constitutes the extreme 

end of the eastern Tell crossing the country from west to east. Its relief is little 

varied and flatness dominates the landscape; the highest peak, Jbel Abd-er-

Rahmane, is 635 m high. Benefiting of a specific geographic location (opening 

towards maritime influences and opposition north-west/south-east generated by the 

relief), the climate of Cap Bon is Mediterranean with a sub-humid nuance in the 

north and semi-arid in the south.  

 

2.2. Methods 

 

In order to quantify and identify the extreme events, the use of statistic 

methods such as the dryness indexes permits to highlight the different evolution 

stages of the precipitation according to their variability degree. In the world, there 

are many methods applied in the research and prevention of climate droughts 

(Heim, 2002). In order to analyse the extreme values, we shall use the 

“Standardized Precipitation Index”(SPI) method. This index has been developed by 

the University of Colorado in 1990 (McKee, 1993). The SPI corresponds to the 

transformation of the temporal series of precipitations into a normal standardized 

distribution whose average is zero and standard deviation is one. It is obtained by 

adjusting an appropriate probability density to the frequency distribution averaged 

of rainfall over a specified timescale. For further details, see e.g. 

http://ccc.atmos.colostate.edu/pub/spi-program-alternative-methode.pdf  and 

http://ccc.atmos.colostate.edu/pub/spi.pdf. 

The negative values of the SPI represent periods of dryness and the positive 

ones, the humid situations. The intensity of the events is evaluated according to the 

value of the index obtained using the following SPI scale (Table 1): 

 
Table 1. Nomenclature of the SPI index 

 
2 < SPI Extreme humidity 0<SPI<-0.99 Light drought 

1.5<SPI<1.99 Severe humidity -1<SPI<-1.49 Moderate drought 

1<SPI<1.49 Moderate humidity -1.5<SPI<-1.99 Severe drought 

0<SPI<0.99 Light humidity SPI<-2 Extreme drought 

 
2.3. Data 

 

The rainfall analysis has been carried out using data from eleven 

measurement stations. The stations of the Soummam Valley (Algeria), El Kseur, 

Akbou, Bouira are managed by ANRH (The National Agency of the Hydraulic 

Resources), while the station of Béjaïa is managed by the National Meteorology 

Directorate. The Cap Bon stations (Tunisia) all belong to the General Directorate 

of the Water Resources from the Ministry of Agriculture and Water Resources. 

Table 2 summarizes the features of the various stations of the sites analyzed. 

One can see that the altitude is relatively low in Cap Bon and does not go over 113 

http://ccc.atmos.colostate.edu/pub/spi-program-alternative-methode.pdf
http://ccc.atmos.colostate.edu/pub/spi.pdf
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m. In Soummam Valley, the altitude varies from downstream (station of Béjaïa 

situated on the shore atan altitude of 9 m) to upstream (station of Bouira situated at 

569 m inside the valley). The average rainfall of the two regions is quite similar with 

respectively 486 mm at Cap Bon and 523 mm in Soummam Valley. The standard 

deviation presents a strong variability for the stations situated in the humid to sub-

humid domain (northern bank of Cap Bon and the Soummam Valley Coast). 

 
Table 2. Features of the stations used for this study  

At first we shall propose a regional analysis. Secondly, we propose a 

geographic analysis by stations. To make this comparison, we have chosen two 

stations situated on the northern coast (sub-humid climate) and two more situated 

respectively on the southern coast of Cap Bon and in the rough country of the 

Soummam Valley (semi-arid climate) 

 

3. DRY AND HUMID PERIODS ACCORDING TO THE SPI  
 

The application of the SPI method did not yield any significant result in 

case of medium-term period (3, 6, 9 months). Hence, tests have been made for the 

long run (12 and 24 months), but only this latter period was retained for 

demonstration in this study. The stages, being identified below, agree to the 

oscillations already evoked in the Introduction, yet their amplitudes vary from one 

region to the other (figure 2).  

 

 

 

Results for the two geographic areas 

 

At Cap Bon, the SPI index highlights: 

 Three periods of drought: 

 The first begins in 1977 and ends in 1983 (the severe drought threshold is 

exceeded in 1978 and 1981).  

Station Altitude (m) 
Rainfall  average 

(mm) 

Standard 

deviation 
Region 

Nabeul 13.53 418.70 150.38  

 

 

Cap Bon 

(Tunisia) 

 

Kelibia 15.38 548.13 157.64 

Korba 12.22 421.50 155.63 

Hammamet 13 462.24 169.30 

Tazoghrane 112.24 548.43 170.04 

Korbous 22.38 479.06 183.57 

Takelsa 101 523.35 187.88 

Béjaïa 9 785.46 188.39  

Soummam 

Valley 

(Algeria) 

El kseur 82.23 526.82 164.49 

Akbou 240 390.59 105.08 

Bouira 568.84 388.19 117.57 
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 The second, who is more intense, lasts since 1988 to1996 (the extreme drought 

threshold is exceeded in 1988 and 1989).  

 The third is situated between 2000 and 2003, containing an SPI index going 

over 1.5 (severe drought threshold in 2002). 

 Three humid periods: 

 At the beginning of the series, between 1971 and 1977 (a moderate humidity 

threshold is reached in 1972 and 1973).   

 Since 1996 until 2000 (with a moderate humidity attained in 1996 and 1997). 

 Between 2003 and 2010, but more intense towards the beginning (severe 

humidity is observedin 2003 and in 2004).  

 

 
 

Fig. 2. Evolution of the SPI index (24 months) (Soummam and Cap Bon) (1970-2010) 

In Soummam, despite a strong variability of the SPI values, one can divide 

the series into four parts: 

 Two humid periods: 

 Between 1971 and 1986, the positive SPI values are dominant (the moderate 

humidity threshold is exceeded several times). This period is, however, 

interrupted by dry periods noticed between 1977 and 1980, and between 1983 

and 1984. 

 Between 2002 and 2004 (the severe humidity threshold is exceeded, an SPI of 

1.54 being recorded in 2003, which represents the humidity record of the 

series). 

 Two dry periods 

 Between 1987 and 2001, more intense at the beginning, but marked by a return 

of the humid conditions (1991-1993 and 1997-1999). 

 A dry period beginning with 2005 (SPI values dominantly negative and 

attaining the moderate drought threshold in 2007 and in 2010). Finally, this 

period is marked by a short return to conditions close to the normal ones (light 

humidity class) in 2008 and 2009.  

 We continue this analysis by a geographic repartition (semi-arid rough 

county and regions of the sub-humid North) (figure 3).  
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Results for the semi-arid zone  

For Bouira station, one can distinguish two principal periods: 

 A period of drought 

It is observed between1971and1996 and therefore more largely spread in time. This 

period sometimes makes room to short humid stages that rarely go over the light 

humidity class. The negative SPI values are dominant and a severe threshold is 

attained in 1977 and an extreme threshold in 1986 and 1987.  

 A humid period - Beginning with 1996,a return of the rains can be noticed 

(dominantly positive indexes and an extreme intensity threshold between 1997 and 

1998). This trend does not remain firm, as the series is interrupted by short dry 

periods (that go over the SPI limit of+ 1corresponding to a moderate drought in 

2009 and in 2010). 

 

 
 

Fig. 3.Evolutionof the SPI index (24 months) (Bouira, Korba) (1970-2010) 

 

For the Korba station, the SPI curve highlights one and the same evolution 

comprising two main periods, yet having different durations: 

 A period of drought 

Between 1971 and1990, the SPI values are mostly negative. The severe drought 

threshold is attained in 1979, 1981 and in 1989 (we find some similarities with the 

two dry periods already highlighted at Bouira). 

 A contrasting period 

 Between 1991 and 2010dominated by positive SPI values. 

 Beginning with 1991 and until 2000, a moderate humid period is observed.  

 Between 2001 and 2002, the climatic conditions become extremely dry (SPI 

values over 2 in 2002).  

 Between2003 and 2008, a new rainfall high is noticed in this region. The 

humidity falls into the extreme class between 2003 and 2005, is light in 2006 

and then moderate in 2007.  

 Finally, the last years of the series are marked by a new dry stage that reaches a 

moderate level in 2009.  
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Results for the sub-humid regions 

The results of the two sub-humid regions of Béjaïa and Korbous express a 

tendency marked by an inter-annual variability (especially for the Korbous station). 

For the Korbous station, the SPI curve reveals more uniform characteristic 

periods (figure 4). 

 A period of drought 

It begins in 1988 and ends in 2003. It is more compact and the extreme drought 

threshold is attained in 1991, 1992, 1993 and 2002.  

 Two humid periods 

 Between 1971 and 1988, the moderate humidity threshold is exceeded during 

several years and the severe humidity threshold is noticed in 1977 and 1983.  

 Beginning with 2003, a return of the humid conditions is noticed; it is less 

intense as the SPI values rarely go over the level of + 1 (moderate humidity 

threshold). 

 

 
 

Fig. 4 .Evolution of the SPI index (24 months) (Béjaïa, Korbous)(1970-2010) 

 

For the station of Béjaïa, the SPI index highlights a less contrasting 

evolution, which nevertheless presents important fluctuations over short periods of 

time.  

 A dry period - It begins in 1989 and ends in 2003. It is less compact than 

the one observed at Korbous and the extreme drought threshold is observed 

in 2000, 2001 and 2002.  

 Two humid periods  

 Between 1971 and 1988, this dry period is less compact than the one observed at 

Korbous because it is interrupted by short dry periods (1977-1980 and 1983-

1984); 

 Beginning with 2002, with an extreme humidity threshold in 2003 and 2004 and 

a moderate humidity threshold towards the end of the series beginning with 

2008. This period is, however, marked by a return of the drought conditions 

(close to the extreme threshold in 2006 and to the moderate one, in 2007).  
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4. CONCLUSIONS 

 
The analysis of rainfall in the study area showed the importance of the 

inter-annual variability of this climate parameter. This study also found that major 

rainfall fluctuations were observed during the same periods in the different stations. 

Also some synchronous phases have been revealed. Finally, what emerges from 

this analysis is the severe nature of the climate drought observed in these regions 

from the late eighties but also the rainfall return and the beginning of a wet phase 

observed at end of the series ( but more confirmed in the Cap Bon region). 
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