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The IPCC climate models predict, for the Maghreb countries, lower rainfall and increased aridity. Current observations in the three
countries of central Maghreb (Morocco, Algeria, and Tunisia) are not consistent with these predictions. To demonstrate this new
trend, a detailed regional analysis of rainfall evolution is conducted. This investigation is based on the calculation of the reduced
centered index and the chronological graphical method of processing information (MGCTTI) of “Bertin matrix” type. The results
show extreme variability of this parameter and the severe past drought (more intense for Morocco, in which the drastic conditions
from the seventies are observed). The results also show the beginning of a gradual return to wetter conditions since the early 2000s
in Algeria and Tunisia and from 2008 for Morocco (this trend is confirmed by recent agricultural production data in 2011/2012 and

2012/2013).

1. Introduction

Climate change is today acknowledged by a large part of the
scientific community. In its latest report, the IPCC [1] in 2013
evaluates the average trend of world temperature over the
period 1880-2012 equal to 0.85°C with a degree of uncer-
tainty ranging between 0.65°C and 1.06°C. The rise that
occurred during the last decade (2003-2012) is +0.78°C (for
a minimum of 0.72°C and a maximum of 0.85°C). The
National Climatic Data Center, NCDC, considers the year
2014 as the warmest ever recorded, with an anomaly of
+0.69°C (calculated for the period 1880-2014) [2]. The World
Meteorological Organisation [3] considers the period 2011-
2015 as the hottest on record, and the year 2015 as the hottest
since modern observations began in the late 1800s. If, on a
global scale, the increase in temperatures is unquestionable,
the evolution of world pluviometry is much more contrasting
as it is subject to a strong spatiotemporal variability. Despite
this feature, and considering temperature rise, an increase
in rainfall is likely to occur in certain region of the world
favorable to such climate evolution. Indeed, the hydrological
cycle acceleration under the influence of strong temperatures

might lead to more rainfall and evaporation [4]. The results
of several studies on rainfall evolution in many areas of the
globe, as it happens in North Africa, show that climate change
translates into wetter conditions [5, 6] as well as into a rainfall
increase and repetition of extreme events (perceptible in the
recent decades 1991-2010) [4, 7-9].

The Mediterranean area is known today as a “hot spot” of
climate change [10-12]. This large inner sea stretching from
the Strait of Gibraltar to the Lebanese coasts over an area of
almost 4,000 km has a total surface of 2.51 million km. On the
whole, this area is characterised by a well-defined summer
drought and, depending on the subregions, by a maximum
precipitation in autumn or winter [13]. During summer,
rainfall is scarce. In this season, the Azores anticyclone moves
north. When the anticyclone retreats south, it leaves free the
passage to the ocean disturbances affecting North Africa.
The rainy season begins in the fall and continues to the
spring. The Mediterranean climate is subtropical (Csa and
Csb, according to Koppen classification); however, cyclone
activity presents large seasonal and spatial variability, with
large differences from western to eastern Mediterranean and
between cold and warm seasons [14]. The importance of this



water mass on a regional scale explains the vast expanse in
space of the Mediterranean climate domain. According to the
results of various prediction of climatic models, both global
and regional, a rise in temperatures and decrease in rainfall
are expected [15-17]. Thus, by 2100, these regions should
experience an average rise in temperature of 3-4°C, a decrease
of rainfall, and increase of extreme events [12]. Philandras
et al. [18] based on the future projections of regional cli-
mate model RACMO2/KNMI show that annual precipitation
within the majority of Mediterranean is very likely to decrease
on an average of 20%, during the period 2071-2100 compared
to 1961-1990, under scenario “SRES” “AlB.” The works of
Giannakopoulos et al. [19] lead to the same result with a 20%
rainfall decline south of the Mediterranean Sea according to a
climate warming scenario of +2°C. Tselioudis et al. [20], based
on the results of first scenario, showed a marked decrease
in winter precipitation value by the end of the 21st century.
Dubrovsky et al. [21] analyzed future climate conditions
for the Mediterranean region based on 16 Global Climate
Models. For temperature, the results show an increase for
all parts of the Mediterranean. For precipitation, a decrease
is noted except for the northernmost parts in winter. The
intermodel agreement for the precipitation changes is lower
than for temperature [21]. Giorgi and Lionello [11] estimate
that significant Mediterranean rainfall decline is expected in
connection with intensification of the anticyclonic circulation
and a northward shift of the string of cyclonic depression
areas. Alpert et al. [22] confirm a tendency of intense rainfall
increase in Spain and Italy and also note an absence of trend
in Israel and Cyprus. The combined effect of climate change
and anthropic impact would entail a lack of water for almost
290 million people. At the same time, Algeria and Tunisia,
which are part of the MENA region countries, have reached
a state of absolute water scarcity.

In central Maghreb (Morocco, Algeria, and Tunisia),
the rise in temperature is pursuant to the global situation.
Thus, 2013 is one of the warmest years recorded in Tunisia
since 1950 [23]. The rise of lowest temperatures (T),) is
however more evident in this part of North Africa [24-26].
Rainfall data of some terrestrial observations networks, on
the south shore of the western Mediterranean basin, confirm
this change for the last decade. However, the results show
a contrary trend to climate models predictions [27, 28].
The first authors assign a tropical precipitation origin to
the return of rains observed at the Moroccan stations of
Safi and El-Jadida, while, within the whole of the central
region of Morocco, drought conditions prevail. In the Middle
Moroccan Atlas, a situation may be noted which differs from
that described for the central Moroccan region [29]. Finally,
Khomsi et al. [30] find no statistical significancy in the
cumulative and extreme rainfall trends (summer and winter
events) in 9 stations of this last country. In Tunisia, recent
studies [31] show that annual precipitation trend is on the
rise for 19 regions surveyed during 1977-2011. This analysis
highlights a break of chronological sequences during the
most characteristic periods of the great drought of the 1980s
(1981-1992) and a return of rains in the early 2000s (2001~
2009). This last trend is also confirmed by [32] for north-
eastern Tunisia. The absence of a significant trend is however
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dealt with in other studies [33] over a long chronological
sequence of Tunis, Manouba station. The same evolution may
also be encountered in the intra-Tellian plains and basins
[34]. Finally, Jebari et al. [35] have emphasized the tendency
of rainfall decline and higher efficiency of solid transport and
flows over 50 years’ sequences (1960-2004).

This diversity of scientific opinions confirms the spa-
tiotemporal variability of the Mediterranean pluviometry and
particularly on the south shore of the basin [36, 37]. This
peculiarity makes the identification of long-term significant
trends difficult [38] and shows the need to study the precip-
itation trend according to a global regional approach which
minimises the topoclimate effect and is informed of the
spatiotemporal distribution of precipitation cycles.

2. Materials and Methods

This article aims to analyze the precipitation trend for more
than forty years of measurements on a wide northern strip
in central Maghreb (Morocco, Algeria, and Tunisia). Thirty-
five stations (14 in Morocco, 12 in Algeria, and 9 in Tunisia)
which provide a common period of measurements were
chosen for this study (1970-2013 for Algeria and Tunisia and
1970-2011 for Morocco) (Figure 1). The monthly precipitation
data were provided by the Meteorological Services “The
National Office of National Meteorology (ONM) for Algeria,
the National Meteorological Institute (INM) for Tunisia,
and the National Directorate of Meteorology (DNM) for
Morocco”. Quality and homogeneity of the data were tested
by these services. The missing data were supplemented with
information gathered from the NCDC “National Climatic
Data Center” website (http://www.ncdc.noaa.gov/).

The method used for this study is the chronological
graphic method of information processing (MGCTI) of
“Bertin matrix” type. The MGCTI is an analytical method
based on a statistical analysis and on a graphical represen-
tation of results. This method was used for the first time in
2013 [24]. The MGCTT is developed to facilitate the interpre-
tation of the statistical results for the Mediterranean rainfall
analysis, due to the high variability affecting this parameter.

The Bertin matrix was introduced to harmonize and
consolidate information after the statistical treatment. The
Bertin matrix is a manual and visual method of classification
of information based on data. This matrix is used to group
the data that have similarities according to all the criteria
studied. It provides a simple and effective way to establish
a multivariate typology based on observations of the user.
This provides the concordant results (even rainfall character
for all stations studied in the same year) but also identifies
conflicting information (different characters between stations
for the same year).

The MGCTI and its graphic representation allow a
chronological reading and a spatial analysis of the phe-
nomenon. This method has been successfully tested in many
North African regions [28, 29, 32, 39] and in the Sahel [40].
A comparative study with the SPI (Standard Precipitation
Index) method for detecting climate drought was conducted
in 2015 [41]. This study showed the simplicity and clarity of
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FIGURE 1: Spatial distribution of precipitation stations used for this study.

the results obtained with the MGCTI method. In this paper,
we test this method on a larger area consisting of different
climatic regions of North Africa (more than 30 stations). The
purpose of this article is to show the trend of rainfall over
nearly half a century and to detect the date of changes of
cycles.

The First Stage. An annual data precipitation (cumulative
rainfall over a calendar year) hierarchy in terms of limit values
(Q1, Q2, Median, Q3, and Q4) is done for all stations and for
the entire series (Table 1).

Depending on data position in relation to limit values, the
years are considered as

(i) very dry, below the first quintile;
(ii) dry, between the first and the second quintile;

(iii) normal with trends towards drought, between the
second quantile and the third quintile;

(iv) rainy, between the third and the fourth quintile;

(v) very rainy, above the fourth quintile.

The Second Stage. A recoding of values is made by means of a
range of colours (the colour varying in terms of the annual
cumulative rainfall position in relation to limit values).
This first processing is followed by a reordering procedure
(permutations of columns) in order to get a ranking that
allows the visualisation of a homogenous coloured structure
(Bertin matrix) (Figure 2). This procedure allows for the

visualisation of the climate parameter evolution in terms of
two dimensions (time and space).

The Third Stage. To determine the typical breaks and periods,
a second procedure is conducted. It consists in assigning a
number ranging from 1 (very dry year) to 5 (very wet year)
according to the already determined features assigned to
each year. The sum of numbers of all stations for each year
is centered and reduced, thus getting a regional index (RI)
varying from +1.80 for a very wet year to —1.80 for a very dry
year. The “RI” is calculated as follows:

(%, X)

, @)
S

RI =

where X; is year value, X is the series average, and S is
standard deviation.

The projection of the result on a graph allows for the
visualisation of the evolution of the phenomenon on a
regional scale in a first stage and, in a second stage, for the
determination of data on breaks and trend change.

3. Results and Discussion

3.1. Towards the End of Climatic Droughts in Central Maghreb?

3.11. The Morocco Situation. The results of statistical and
graphical processing of central Maghreb pluviometry show
strong variability (typical of the Mediterranean climatic
domain) and an organisation structured into three main
climatic periods (Figure 2).
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Tunisia
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1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
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1995
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1998
1999
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2006
2007
2008
2009
2010
2011
2012
2013

Year

Rainfall trend at station Regional rainfall trend

Rainfall trend at station Regional rainfall trend

== Very wet Wet == Very wet Wet

—= Wet —= Dry — Wet — Dry

== Normal == Normal

== Dry == Dry

mmm Very dry mmm Very dry
Number  Station Longitude Latitude Elevation (m) Number  Station Longitude Latitude Elevation (m)
1 Taza —4.02 34.21 521 19 Tunis 10.14 36.5 4
2 Azzaba —4.73 33.83 689 20 Bizerte 9.48 37.15 5
3 Sefrou —4.49 33.49 801 21 Gafsa 8.49 34.25 313
4 Nador -292 3513 226 22 Tabarka 8.54 36.58 66
5 Tétouan -5.33 35.58 10 23 Jendouba 8.48 36.29 143
6 Agadir -9.55 3038 11 24 Oran -036 3538 90
7 Fés —4.97 33.93 598 25 Dar El Beida 3.13 36.41 25
8 Casablanca -7.67 33.56 62 26 Annaba 7.49 36.5 8
9 Kénitra —6.6 34.3 17 27 Skikda 6.54 36.53 1.3
10 Meknés -5.53 33.88 549 28 Béja’ia 5.04 36.43 1.74
11 Ifrane -5.17 33.5 1660 29 Chlef 12 36.13 143
12 Safi -9.23 32.28 45 30 Biskra 5.44 34.48 82
13 Marrakech -8.03 31.61 474 31 El Bayed 1 33.4 1341
14 Ouarzazet -6.9 30.93 1187 32 Djelfa 3.23 34.2 1180
15 Gabes 10.06 33.53 4 33 Tébessa 8.07 35.25 820.47
16 Kairouan 10.06 354 60 34 Constantine 6.37 36.13 685
17 Sfax 10.41 34.43 21 35 Batna 6.19 35.45 822
18 Tozeur 8.06 33.55 87

FIGURE 2: MGCT], classification of annual precipitation according to quintiles Q1, Q2, Q3, Q4, and Q5 (measurement period from 1970 to

2013).

A period qualified as wet is visible on the matrix during
1970-1979. This decade contains 70% of the years with
positive regional index. The highest values are noted at the
beginning of the period (+1.57 for 1970 and +1.09 for 1973).
Almost 50% of annual rainfall accumulations are considered
as wet and very wet. The percentage of average year reaches
25.71%, while, during dry years, it represents 27.14%.

In 1980, a new drier climatic phase began and lasted until
2001. Only 30% of the years of this long period stretching over
more than two decades show a positive regional index. The

proportion of dry and very dry years reaches 49.01%, that of
normal years 18.75%, and that of rainy and very rainy years
32.23%.

The regional graph allows us to distinguish three dry
subperiods (negative regional index) with two rainy periods
of three successive years in between:

(i) From 1980 to 1987, an uninterrupted succession of
years with negative regional indices can be noted. It is
a period of severe drought which marks a large part of



the Moroccan territory. The values are relatively high
for 1982 (-1.12), 1983 (-1.21), and 1986 (—0.93). For
all Moroccan stations studied, the proportion of dry
and very dry years reaches almost 56%, while rainy
and very rainy years account for a little more than a
quarter, with 24%. This long period characterised by
a lack of humidity is followed by three years (1988-
1990) during which positive regional indices and a
humid trend are recorded.

(ii) From 1991 to 1994, rainfall accumulations become
negative again.

(iii) The regional index reaches, during this final year, one
of the lowest values of the series, —1.41.

(iv) From 1995 to 1997, a short wet period marks the
Moroccan pluviometry, with a spectacular increase of
pluviometry (the regional index reaches +1.37 in 1996,
one of the highest values of the first three decades of
this series).

(v) The stage covering the 1998-2001 period is marked
by the return of drastic conditions. A little more than
60% of rainfall accumulations recorded at various
stations are considered as dry or very dry.

(vi) The last period (2002-2011) of the precipitation series
is considered as wet (60% of the years recorded a
positive index). At the same time, the percentage
of rainy and very rainy years at all stations reaches
52.38%. The last years of the series provide evidence
of change of trend for this decade. Indeed, from 2008
to 2010, the percentage of rainy and very rainy years
goes from 78.57% to 85.71% and 92.85%.

3.1.2. The Algeria Situation. The MGCTI graphical matrix
(Figure 2) shows, for Algeria, an organisation of rainfall accu-
mulations into three characteristic periods.

A first stage of strong variability in 1970-1986. No genuine
climatic trend stands out in this period. All stations under
study are characterised by an almost even distribution of
extreme classes of annual rainfall, rainy and very rainy (40%),
dry and very dry (39.50%), and normal (20.5%). The regional
index is negative for more than 47% of the years as opposed
to 52.94% for positive values. What is remarkable about
this period is undoubtedly a powerful interannual oscillation
between dry year and wet year. A sequence of three rainy
years (1971-1973) can be noted at the beginning of the series,
while, for the rest of the period, trend inversions (dry year,
rainy year) are for two successive years at most.

A second stage starts in 1987 and finishes in 2002. It is
marked by a drying trend because 55.60% of the years are
considered to be dry and very dry, while rainy and very rainy
years totalize no more than 26.58%. At the same time, the
regional index is negative for almost 68% of this period as
compared to 31.25% for positive values. The persistence of
drought conditions never exceeds three consecutive years.
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 precipitation series (2003-2013),
in which 82% of the years have a positive regional index, is
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described as rainy. On the whole, this last stage distinguishes
itself through an uninterrupted sequence of 7 years (2007-
2013) with positive regional indices. The percentage of rainy
and very rainy years recorded at all stations (55.72%) is in net
increase, while dry and very dry years, with 20.61%, are in net
decrease as compared to the previous period.

3.1.3. The Tunisia Situation. Precipitation data recorded in
1970-2013 in Tunisia (Figure 2) are characterised by a sig-
nificant variability previously emphasized during the study
of Morocco and Algeria series. The MGTCI graphical matrix
shows once more three major characteristic periods:

(i) The first stage starts in 1970 and finishes in 1986 and
is marked by a lack of trend. The regional index is
positive for almost 53% of years and negative for
the remaining 47%. The percentages calculated at all
stations for wet and very wet classes show that almost
42% of years belong to this precipitation category.
The dry and very dry classes represent just over 39%
of years. This first period, just like that analyzed for
Algeria, is characterised by an important variation of
extreme years (two years, namely, 1981 with a negative
index of —-1.79% and 1982 with a positive index of
+1.77, show this particularity). The beginning of the
period tends less to this oscillation (a sequence of
three rainy years is noticeable from 1971 to 1973).

(ii) The second period is marked by a dry trend which
lasts 16 years on this territory. The regional index
shows that almost 63% of years record a negative
value. The years belonging to the dry and very dry
class totalize almost 55% for all stations. Rainy and
very rainy years only account for 22.90%. Successive
stages with the same trends exceed no more than three
years (1987-1989 and 2000-2003 for negative indices
and 1995-1997 for positive indices). Four years stand
out through negative indices which exceed —1: 1988
(-1.36), 1989 (-1.03), 1993 (-1.46), 2000 (-1.68), and
2001 (~1.46).

(iii) The last period (2003-2013) is considered wet. The
regional index is positive for a period of 8 years. The
return of drought conditions is noted in 2007, in 2008
(index above —0.5), and in 2012 (index equal to —1.25).
Rainy and very rainy years are evaluated for this phase
at almost 48%, while dry and very dry years totalize
31.31%. These numbers thus indicate an increase of
years in the first class of +25% as compared to the
previous period and a regress of the arid and very arid
class of —23.64%.

3.2. A Net Increase of Rainy and Very Rainy Years for the
Decade 2002-2011. Figure 3 was completed by starting from
the decennial averages of the categories of rainy and very
rainy, dry and very dry years, and normal averages, calculated
for the 1982-2011 interval, confirming the previous arguments
for the return of rainfall conditions in central Maghreb.

(i) The analysis of the decade 1982-1991 (map shown
in Figure 3(a)) shows the predominance of drought
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FIGURE 3: The evolution of precipitation accumulations of extreme years (1982-2011).

conditions in nineteen stations which record more
than 50% dry and very dry years and only 7 which
correspond to wet and wetter conditions for a little
over a half of the duration of the period studied.

(ii) The 1992-2001 period (map shown in Figure 3(b))

shows a more drastic precipitation situation with 21
stations that display rainfall accumulations from the
dry to the very dry category of over 50%. At the same
time, one may note the low values of rainy and very
rainy years that reach 50% only at Skikda, Biskra, and
Tétouan and are below this level at the remaining
stations.

(iii) The analysis of the map shown in Figure 3(c) for the

2002-2011 period of measurements clearly illustrates
the predominance of rainy and very rainy years at

most stations (25). Dry years reach 50% only at three
stations (Marrakech, Sefrou, and Sfax). As for rainy
years, they exceed 40% at all stations, except Dar el
Beida, Djelfa, and Gafsa.

The last map (Figure 4) displays the differences between
the last two decades (1992-2001 and 2002-2011), between
precipitation accumulations of rainy and very rainy years
and dry and very dry years. This graphical representation
allows us to see the evolution of extreme rainfall for the
two already discussed periods. It reveals the importance of
positive differences which indicate an increase of the former
category in 83% of the stations. A decrease is recorded only
at three stations (Dar el Beida, Djelfa, and Gafsa), while,
for Constantine, Marrakech, and Sfax, stabilisation of values
of 0% can be noted. This map confirms a return of more
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FIGURE 4: Differences between the last two decades (rainy and very rainy years and dry and very dry years).

favorable conditions throughout the entire territory, as the
decrease of dry and very dry years is common at 29% of the
stations (of which 14% show stabilisation of this category of
humidity for the two decades).

(i) In Tunisia, southern stations (Sfax and Tozeur) do not
follow this trend and are characterised by a rise in
the percentage of dry and very dry years of +20% and
+10%, respectively.

(ii) In Algeria, the Constantine, Annaba, and Skikda sta-
tions located in the east of the country record a rising
trend of 10% for the first station and stabilisation of
values for the last two.

In Morocco, only one station (Marrakech) is not keeping
up with the return of rainy conditions as it records a rise in dry
and very dry years of 10%. On the Atlantic coast, Casablanca
and Safi are the other two stations in this vast country that
manifest a stable trend of extreme years regarding this last
category.

The processing of the trend of extreme years from 1970 to
2013 (the percentage of stations which recorded a rainy and
very rainy year, dry and very dry year or a normal one) for
the three countries confirms previous results.

We can see in Figure 5(a) that, since the 2000s, the
percentage developed for dry and very dry years has been
clearly in constant decline in all three countries. At the same
time, rainy and very rainy years show a rising trend con-
firmed starting with this last date (Figure 5(b)). Figure 5(c)
concerning the class of normal years allows one to note that
the percentage of stations, after displaying a trend of decrease
from 1995 to 2000, increases starting with this last date for

Algeria and Tunisia but decreases for Moroccan stations,
which confirms a steady return of the wet stage in this country
(considering the previously developed arguments for the
other two classes).

The analysis of precipitation evolution in central Maghreb
(Morocco, Algeria, and Tunisia) revealed a significant vari-
ability typical of the Mediterranean climate (which is stronger
for the last two countries). A first wet period marks the pre-
cipitation series in Morocco (1970-1979) while, in the other
two countries, from 1970 to 1986, no significant trend can
be noted. This study also allowed us to highlight the durable
and drastic nature of the climatic drought affecting Morocco
for more than two decades (1980-2001). Indeed, precipitation
deficits in these countries are intense and may persist for
long periods of time (1980-1987, 1991-1994, and 1998-2001).
Climatic drought recorded in Algeria and Tunisia is shorter
(1987-2002) and the cycles of years of deficits not only are
synchronised between the two countries but also are less
extended in time and they never exceed three consecutive dry
years (1987-1989, 1993-1994, and 2000-2002).

Finally, the rainfall return period is generalised in the
Maghreb area under study. Starting with 2002 in Morocco
and 2003 in Algeria and Tunisia, values confirm a return
towards more rainy conditions, despite the persistence of
extreme variability which is characterised by a brief return
of dry and very dry years (2006 and 2008).

This new period marks a break from past droughty
periods despite the return, once in a while, of deficient years
(e.g.,in 2005 and 2006 for Algeria and Tunisia and 2006, 2007,
and 2011 for Morocco).

Figure 6, developed starting from the mobile average of
all stations studied, sums up the main 3 stages that have
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FIGURE 6: Reduced centered deviations of annual rainfall accumu-
lations recorded in central Maghreb (mobile average calculated for
35 weather stations in 1970-2011).

affected Maghreb pluviometry during the last 44 years. The
first humid stage is noticeable from 1970 to 1979, followed by
the great climatic drought which lasts almost a half a century
and, finally, the rainfall return which can be noted as of 2003.

Thus, south coast regions of western Mediterranean basin
have been subjected, in the last years, to strong climate
disturbances (these facts are not concordant with the results
of climate patterns already cited for precipitations). The signs
of change are extremely eloquent for the latest years in all
this region of North Africa, as evidenced by the rainfall
observed between September 2008 and September 2009 In
Morocco [42]. The 2009-2010 rainfalls are also considered as
exceptional and historic because they allowed for the filling
of dams at their maximum capacity (the filling rate of the
Al Wahda Dam, the largest of the kingdom, located in the
Ouergha Wadi, was 98.5%). These rains ensured a record
cereal production of 80 million quintals (for 2009/2010). This
trend was confirmed for 2012/2013 because, with an average
pluviometry of 450 mm, the excess rainfall on a national scale
amounts to +20% as compared to a normal year [42]. At the
same time, this agricultural campaign ensured a new record
cereal production evaluated at 97 million quintals. For 2014,
the filling of dams in operation reached nationwide a level of
72.38%, while westward, in areas that were affected by distur-
bances, an exceptional percentage of filling of 87% was noted.
In the Moroccan South, observation data revealed a return
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towards more humid conditions in the Tafilet oasis [43—
46] and a reinstatement of several “Foggaras” (a traditional
hydraulic system affected by past climatic droughts). At times,
this rainfall return occurs in extreme episodes as was the case
of the recent floods (November 2014) which hit central and
south-western Morocco (Agadir, Guelmin, and Marrakech
areas). In the first area, rains recorded very high intensities
(250 mm in 3 days from the 28th to the 30th of November
2014), which represents almost 90% of the observed average
annual accumulation (280 mm).

As regards Algeria, the situation seems similar because
the 2008/2009 agricultural campaign was described as highly
satisfactory and the cereal production recorded the following
year (2009/2010) is a record of 61.2 million quintals that
has never been equalled. The hydrological situation is as
satisfactory as in Morocco, judging by the Ministry of
Agriculture publications: an unprecedented dam filling up
which amounted to nearly 72% in 2010 and 81% in April
2013 for the 65 dams in operation and to 80.4% in March
2014, levels that had never been reached hitherto. The effects
of climate changes are also manifested in this country by
extreme events (a succession of hot episodes in 2015 with a
threshold temperature of 50°C exceeded at Ourgla on August
2nd 2015 and of snowfall in the Assekrém mountains in
Hoggar massif located in southern Algeria, a very rare fact
never observed since 1945).

In Tunisia, the situation is less obvious because three-
quarters of the country have an arid and semiarid climate.
This new trend is still noticeable through a rise in intense
precipitation events and a net increase of the number of floods
(Sfax city very well illustrates this; the city was flooded twice
in 1969 and 1982 and, despite important improvement works
carried out in 1984 and the past years, it was flooded again in
2009 and 2013) [47].

4. Conclusions

To conclude, we may say that the climate change observed
during the last years is characterised by a rainfall return but
with a far greater intensity. In Algeria, the severe disturbances
(which lead to a pluviometry of over 30 mm/24h) are on
the rise in the last years (data, ONM). This again is not
concordant with the IPCC conclusions which point out a
decrease of disturbances over the Mediterranean space. At
the same time, the temperature trend continues to be rising
(despite a slight cooling of values recorded during the last
years).

The variability of short-term global climate is generally
associated with coupling phases of oceanic and atmospheric
phenomena including El Nifio Southern Oscillation (ENSO)
and the North Atlantic Oscillation (NAQO). While El Nifio
Southern Oscillation (ENSO) affects climate variability in the
world, the North Atlantic Oscillation (NAO) is the climate
model dominant in the North Atlantic region. The latter
cyclic oscillation whose role is still under debate could explain
the variability of rainfall in much of the Mediterranean area
and support the hypothesis of a return of the rains marking
the end of years of drought in central Maghreb

International Journal of Atmospheric Sciences

Further analysis of the response of rainfall to the North
Atlantic Oscillation shows that drought seems more in line
with the positive indicators of high intensity, demonstrating
greater strengthening of the pressure in Azores and weaken-
ing of the Icelandic Low pressure. Under these conditions,
the depressions are pushed towards northern latitudes, which
promotes the establishment of a dry and mild weather on
the periphery of the Mediterranean basin and North African
regions.

When the signal fades or becomes negative, the pressure
associated with the Azores high is lower compared to the
normal value and, at the same time, the Icelandic Low
is barely formed. According to this mode of traffic, the
depressions corridor withdraws further south and thus affects
the Mediterranean regions of the south shore which will be
wetter.

This return of rainfall over central Maghreb, should it
be confirmed, could mean the end of several decades of
recurrent droughts and announce a durable return to “the
normal.” This assumption is supported by emphasizing
the impact of different world climate oscillations (North
Atlantic Oscillation; El Nifio Southern Oscillation) for all
the continents and particularly for the African continent
[27, 48]. Do these facts announce a new climate phase
which marks a break from past drastic conditions? Such
question is difficult to answer today, but climate data and
information concerning the hydraulics and agriculture of
Maghreb confirm a completely unique situation in this vast
area of North Africa.

Faced with such great changes that today affect the
Maghreb region and given the complexity of spatial and
temporal dimensions of the climatic signal, a more thorough
research of causes and retroactions would allow for a better
understanding of the mechanisms behind this new trend.
These investigations should integrate and quantify the role
of terrigenous aerosols in the dynamics of local climate
and show the importance of sea surface temperatures in
regulating rainfall.

Additional Points

Check the following websites:
WMO, World Meteorological Organisation: http://
www.wmo.int/pages/index_en.html

ONM, Office National de la Météorologie (Algeria):
http://www.meteo.dz/

Direction de la Météorologie Nationale (Morocco):
http://www.marocmeteo.ma/

IMN, Institut de la Météorologie Nationale (Tunisia):
http://www.meteo.tn/default.html

NCDC, National Climatic Data Center: http://www
.ncdc.noaa.gov/
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