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ABSTRACT. – Trend of Rainfall over nearly half a Century in North Africa. 

The results of different studies referring to evolution of precipitations show that, 

on a worldwide scale, the climatic change appears as an intensification of 

precipitations and a recurrence of extreme events (more noticeable during the last 

decennia). These studies also show an increase of precipitations in equatorial areas 

and at Poles, at the expense of Mediterranean and of dry and temperate tropical 

areas. Nowadays, Mediterranean area is considered as a hot spot area of climate 

change. The impact of this change and the high human pressure on the 

environment would result in a shortage of water for about 290 million people. The 

aim of this paper is to analyze rainfall variability in a wide area of North Africa 

(from the Morocco in the west up to Tunisia in the east). This study is undertaken 

for a period of nearly half a century. The rainfall data were collected from 35 

meteorological stations. To analyze the time series signal in time and space, 

graphical method of information processing (MGCTI) was used. 
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1. INTRODUCTION 

 
The climate change is now largely known to the scientific community. In 

its last report, the international panel of climat change (IPCC 2013) evaluates the 

average tendency 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. The year 2014 is 

considered by the National Climatic Data Centre (NCDC) as the hottest ever 

recorded, with an anomaly of + 0.69 °C (calculated for the period 1880-2014) 

(NOAA 2015). While, on a global scale, the temperature rise is doubtless, the 

acceleration of the hydrological cycle under the effect of high temperatures could 

trigger more precipitations and evaporation (OMM 2013).  

The Mediterranean area is known today as “hot spot” of the climate change 

(Plan Bleu 2008). As a whole, this area is characterized by a well-marked dryness 

and, according to the sub-regions, by an autumn or winter pluviometric maximum 

(Dougredoit 1997). The importance of this water mass on a regional scale explains 

the great spatial extension of the Mediterranean climate domain (Dougredoit 1997). 

In the Central Maghreb, the temperature increase agrees with the world situation. 

The rains recorded in this part of the world also attest this climate change (Sebbar et al. 2011).  
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The first authors attribute, to the return of the rains noticed in the Safi and 

El-Jadida stations of Morocco, a tropical pluviometric origin, whereas in the whole 

in the central region of Morocco, the drought conditions persist. In the Middle 

Atlas, Morocco, one can notice a situation different from that described for the 

central Morroco region (Amyay et al 2012). In Tunisia, recent studies (Korti 2012) 

have shown that the annual pluviometric tendency is on the rise for 19 regions 

studied during the period 1977-2011. The absence of significant tendencies is, 

however, approached by other studies (Fehri 2014), on a long chronological series 

from the Tunis-Manouba Station. We find as well a similar evolution in the plains 

and basins of the Mediterranean area (Hennia et al, 2011).  

This diversity of scientific opinions confirms the spatio-temporal variability of 

the Mediterranean pluviometry and especially along the southern shore of the basin 

(Norrant 2004) and indicates the need to study the pluviometric tendency using a 

regional-global approach (which minimizes the topoclimatic effect) and provides 

information on the spatio-temporal repartition of the pluviometric cycles. 

  

2. SITUATION, DATA AND METHODS 

 
The objective of this article is to analyze the pluviometric trend over more 

than forty years of measurements along a large northern band of the Central 

Maghreb (Morocco, Algeria, and Tunisia). 
 

 
 

Fig. 1. Map of the 35 meteorological stations 
 

Thirty-five stations offering a common period of measurements have been 

chosen for this study (1970-2013 for Algeria and Tunisia and 1970-2012 for 
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Morocco) (Figure 1). The data of the national meteorological networks: “National 

Meteorological Office (Office National Météorologique - ONM 2013) for Algeria, 

National Institute of Meteorology (Institut National de Météorologie - INM 2013) 

for Tunisia et (Direction Nationale de la Météorologie - DNM 2013) for Morocco”, 

have been completed by information collected from the site of NCDC “National 

Climatic Data center” (http://www.ncdc.noaa.gov). 

In order to determine the pluviometric tendency at the different stations, a 

graphic chronological data processing method of the “Bertin Matrix” type has been 

applied to the annual data ((Nouaceur et al., 2013) .This method consists in making 

- during a first step - a classification per year and per station related to the limit 

values (Q1, Q2, Q3 and Q4) calculated for all the stations and for all the series.  

The years of the first quintile (Q1) with their limit value are considered very 

deficient (in point of rain). The years between the first and the second quintile (Q2) 

are considered deficient. The years whose pluviometric level is comprised between 

the second quintile and the average are normal, with a dry or humid tendency. In-

between the median interval and the third quintile (Q3), the years are normal, with 

a rainy tendency. The interval from the third to the fourth quintile (Q4) comprises 

years with a rainy tendency. Finally, all the years whose pluviometric total is above 

that of the fourth quintile are considered to be rainy excessive. 

During a second step, the projection of the results obtained after the first 

data processing on a colored graph (the color varies according to the position of the 

annual pluviometric accumulation in relation to the limit values) allows for the 

visualization of the evolution of the climatic parameter according to two 

dimensions (time and space). In order to determine the gaps and the characteristic 

periods, a number varying between 1 (very dry year) and 5 (very humid year) has 

been attributed to each year, according to the already determined characteristic 

features. The sum of the levels recorded at all the stations for each year is centered 

and reduced, which allows for the obtaining of an index varying from +  ∞ for a 

very humid year to – ∞  for a very dry year.  

 

3. RESULTS 

 
3.1. Precipitation variability in Morocco 

 

The results of the statistical and graphic processing of the pluviometry of 

the Central Maghreb show a great variability (specific of the Mediterranean climate 

domain) and an organization structured into three great climate periods (fig 2). A 

period qualified as humid is visible on the matrix from 1970 to 1979. This 

decennium groups 70 % years with a positive regional index. Starting from 1980, a 

new, drier climate phase begins, lasting until 2001. Only 30 % of the years of this 

long period of more than two decennia show a positive regional index. The 

regional graph allows distinguishing three dry sub-periods (negative regional 

index) interrupted by two humid periods of three successive years (1980-1987, 

1988-1990, and 1991-1994). Between 1995 and 1997 a short humid period marks 

http://www.ncdc.noaa.gov/
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the pluviometry of Morocco, standing out by a spectacular pluviometric rise (the 

regional index reaches + 1.37 in 1996, namely one of the highest values of the first 

3 decennia of this series). The phase comprised between 1998 and 2001 is marked 

by the return of drastic conditions. Slightly over 60 % of the pluviometric 

accumulations recorded at the different stations are considered dry or very dry. The 

last period (2002-2011) of the pluviometric series is considered as humid (60 % of 

the years record positive indexes). At the same time, the percentage of humid and 

very humid years for all the stations reaches 52.38 %. The last years of the series 

demonstrate a change of tendency for this decennium. Indeed, starting with 2008 

until 2010, the percentage of humid and very humid years goes over 78.57 % to 

85.71 % and to 92.85 %. 

 

3.2. Precipitation variability in Algeria 

 

The graphic matrix MGCTI (Fig. 2) shows that, for Algeria, an 

organization of the pluviometric accumulations highlights three characteristic 

periods. A first stage of extreme variability between 1970 and 1986. No veritable 

climatic trend can be highlighted for this period. The set of stations studied 

presents an almost equal share of extreme annual rain levels, namely humid and 

very humid (40 %), dry and very dry (39.50 %), and normal levels (20.5 %). The 

regional index is negative for over 47 % of the years, compared to 52.94 % for the 

positive values. The remarkable aspect of this period is doubtlessly the strong inter-

annual oscillation between dry years and humid years. Indeed, there is only one 

succession of three humid years (1971-1973) perceptible at the beginning of the 

series. For the rest of the period, the inversions of trend (dry year, humid year) 

occur over a maximum of two successive years. The second stage begins starting 

with 1987 and ends in 2002. It is marked by a dry tendency because 55.60 % of the 

years are considered dry and very dry and the humid and very humid years only 

total 26.58 %. At the same time, the regional index is negative for about 68 % of 

this period compared to 31.25 % for the positive values. The persistence of the dry 

conditions never exceeds three successive years. The extreme negative values for 

this dry stage are recorded in 1989    (-1.68), 2000 (-1.87) and 2001 (-1.49).  The 

last period of this pluviometric series (2003-2013), with almost 82 % of the years 

presenting a positive regional index, is qualified as humid. On the level of all the 

series studied, this last phase stands out by a succession of 7 years (2007-2013) in a 

row of positive regional indexes. The percentage of humid and very humid years 

recorded on the level of all the stations (55.72 %) is clearly growing, whereas the 

dry and very dry years - with 20.61 % - are clearly decreasing in number compared 

to the previous period.  

 

3.3. Precipitation variability in Tunisia 

 

The pluviometric data recorded during the period 1970-2013 in Tunisia 

(Fig. 2) are marked by an important variability as previously highlighted in the 
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analysis of the series of Morocco and Algeria. The graphic matrix MGTCI 

highlights one more time three great characteristic periods. The first phase starts 

in 1970 and ends in 1986, being marked by a lack of trend. The regional index is 

positive for about 53 % of the years and negative for the remaining 47 %. The 

percentages calculated for all of the stations for the humid and very humid 

classes show that almost 42 % of the years belong to this pluviometric category. 

The dry and very dry class concerns almost 39 % of the years. This first period, 

as well as the one analyzed for Algeria, is characterized by an important variation 

of the extreme years (the two years: 1981 with a negative index of -1.79 and 

1982 with a positive index of + 1.77 express this peculiarity). The beginning of 

the period is less prone to this oscillation (a succession of three humid years is 

noticed between 1971 and 1973). The second period is marked by a dry tendency 

lasting for 16 years on this territory. The regional index highlights that almost 

63 % of the years register a negative value. The years of the dry and very dry 

category total, for all of the stations, almost 55 %. The humid and very humid 

years only total, as far as they are concerned, 22.90 %. The successive phases of 

same trends do not go over a maximum of three years (1987-1989 and 2000-2003 

for the negative indexes and 1995-1997 for the positive indexes). Four years 

stand out by negative indexes going over -1: 1988 (-1.36), 1989 (-1.03), 1993 (-

1.46), 2000 (-1.68) and 2001 (-1.46). The last period (2003-2013) is qualified as 

humid. The regional index is positive during 8 years. The return of the dry 

conditions is noticed in 2007, 2008 (index under -0.5) and in 2012 (index equal 

to -1.25). The humid and very humid years have been evaluated for this phase to 

around 48 %, whereas the dry and very dry years total 31.31 %. These numbers 

indicate, therefore, a growth of the number of years of the first class of over + 

25 % compared to the previous period and a decrease of the dry and very dry 

class of – 23.64 %.    

 

4. DISCUSSIONS 

 
The analysis of the pluviometric evolution in the Central Maghreb 

(Morocco, Algeria, and Tunisia) has brought to light an important variability 

characteristic of the Mediterranean climate (more marked for the last two 

countries). A first humid period marks the pluviometric series of Morocco 

(1970-1979) whereas for the two other countries, between 1970 and 1986, no 

significant trend can be highlighted. This study has also allowed emphasizing 

the durable and severe character of the climate drought that affected Morocco 

during a period of over two decennia (1980-2001). Indeed, the pluviometric 

deficits that concern these countries are intense and persistent over long periods 

(1980-1987, 1991-1994, and 1998-2001). The climate drought recorded in 

Algeria and Tunisia is shorter (1987-2002) and the cycles of years of deficit are 

not just synchronized between themselves for the two countries, but also less 

extended in time and never go over three successive dry years (1987-1989, 

1993-1994, 2000-2002). 
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Finally, the period of return of the rains is generalized over the region of 

Maghreb under analysis. Starting with 2002 in Morocco and 2003 in Algeria and 

Tunisia, the values attest a return towards more humid conditions, despite the 

persistence of an extreme variability, manifested by the short return of the dry and 

very dry years (2006 and 2008). This new period marks a breakup with the periods 

of climate drought of the past, despite the sometimes brief return of the dryness 

years (e.g.: in 2005 and 2006 for Algeria and Tunisia, and 2006, 2007 and 2011 for 

Morocco).  

Figure 3, elaborated starting from the mobile average of all the stations 

studied, sums up the 3 main phases that affected the pluviometry of Maghreb during 

these 44 last years. The first humid phase is noticed between 1970 and 1979; it is 

followed by the very great climate dryness that lasts for over half a century and, finally, 

the return of the rains is perceptible beginning with the year 2003.  

 

5. CONCLUSIONS 

 
Based on the obtained results, we can conclude that the climate change 

noticed during the last few years is characterized today by a return of the rains 

(the observations in the field show that the rains are more intense – which 

triggers more inundation and flight flood phenomena). Severe perturbations 

(giving a pluviometry of more than 30 mm/24 h) have actually been increasing 

in Algeria during the last few years. This does not agree with the conclusions of 

GIEC (IPCC 2013), which underline a diminution of the rains over the 

Mediterranean area. 

 

 
 
Fig. 3. Centered reduced deviations of the total annual rainfall recorded in the Central 

Maghreb (mobile average calculated for 35 meteorological stations over the 
period 1970-2011) 
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