
Trends in temperature extremes in Morocco 
Kenza KHOMSI*(1) ,Gil MAHE(2),Yves TRAMBLAY(3), Mohamed SINAN(4),Maria SNOUSSI(5) 

(1)Meteorologist Engineer in PhD, Faculté des Sciences-Rabat-Maroc. Address: Direction de la Météorologie Nationale, cité de l’air, aéroport Casa Anfa. Mail: k.khomsi@gmail.com 
(2)Research Director, IRD & Université Mohamed V-Agdal, Rabat, Maroc  

(3)Hydrosciences Montpellier, UMR 5569 (CNRS-IRD-UM1-UM2), Université Montpellier 2, Maison des Sciences de l'Eau, place Eugène Bataillon, 34095 Montpellier Cedex 5, France  
(4)Deputy Director in charge of research, Ecole Hassania des Travaux Publics (EHTP) Km 7, Route d'El Jadida, BP. 8108, Casablanca, Maroc 

(5)Professor, Université Mohamed V-Agdal, Faculté des Sciences. Département des Sciences de la Terre Rabat, Maroc  

Abstract 
 

 

 

 

 

The heat wave in Maghreb during the summer of 2012 had very bad consequences in Algeria, causing several casualties and emergency hospitalizations, and in Morocco where the agricultural sector was 
hit by losses of 12 million Euros for poultry farmers. This work aims to analyze the frequency of warm and cold extreme events in two Moroccan regions (the Bouregreg and the Tensift). This study consid-
ers long-term daily data of maximum and minimum temperatures, recorded in the stations of Marrakech, Safi, Kasba-Tadla and Rabat-Sale. The temperature extremes are defined as the daily data above 
(below) the 95 th or 99 th (5th or 1 th) percentiles. Results show upward trends in maximum and minimum temperatures of both regions. Trends are larger for minimum temperature, during the warm season, and 
are mostly significant in coastal stations. Changes in cold events are larger than those for warm events and very cold events decrease significantly in the whole studied area.  The southern region (Tensift) 
is the most affected with the changes of the temperature regime. A statistical link is observed between the extreme temperature events during the summer and the Mediterranean Oscillation index while the 
circulation related to the North Atlantic Oscillation doesn’t affect recorded extreme events. 

Introduction 
 

 

 

 

 

Because of the IPCC statements’ about extreme events (IPCC 1990; 1995; 2001; 2007), the under-
standing of their changes becomes a critical factor to the knowledge of recent and future global cli-
mate change and yet an important focus of the current scientific research. Furthermore, the com-
prehension of the atmospheric mechanisms that control extreme weather leads the way in risk as-
sessment and development of mitigation strategies for socio-economic fields. According to the 
IPCC, an extreme weather event is a rare event within its statistical reference distribution at a par-
ticular place (IPCC 2001). Definitions of " rare" vary, but an extreme weather event would normally be 
as rare as or rarer than the 10 th or 90 th percentile. An extreme weather event may not cause dam-
ages because the impact of extremes on natural and human systems is highly location-dependent 
and it is linked to the vulnerability of the places affected by the extremes.   

Aim  

To study the evolution of warm and cold extreme events in two Moroccan regions (the Bouregreg 
and the Tensift basins) and to determine their relationship with the atmospheric circulation. 

Materials and methods 
 

The study covers the regions of Bouregreg and Tensift watersheds (Fig1) .  

Quality controled maximum and minimum temperatures data of the stations of Rabat-Salé, Kasba 
Tadla, Safi and Marrakech were used (Table 1).   

 

 

 

 

   

 

 

 

The yearly data of the North Atmospheric Oscillation (NAO) and 
the Mediterranean Oscillation (MO) from the Climatic Research Unit (CRU) website
(www.cru.uea.ac.uk/cru/data ) were used in order to study the  correlation between these two atmos-
pheric modes and the evolution of hot and cold events between 1983 and 2009 during the warm and 
the cold seasons respectively.  

Seasons identification : A dry month has an average rainfall equal or less than twice its average tem-
perature (P ≤ 2T °) (Bagnouls and Gaussen 1953; 1957). The cold and the warm seasons were identi-
fied according to the stations’ climatograms. 

Estimating trends : The method of Sen estimates the slope assuming that the trend is linear, it in-
volves computing slopes for all the pairs of ordinal time points and then using the median of these 
slopes as an estimate of the overall slope (Theil 1950 ; Sen 1968). The statistical significance of 
trends was investigated using the Mann-Kendall non parametric test, applied with a confidence level 
of 95%. 

Estimating correlations : The Kendall’s tau  coefficient of correlation was used in order to study the 
strength of the monotonic relationship between time series.   

Identification of extreme events of maximum and minimum temperature  

The following concepts were formalized: 

• A one day hot (cold) event is a day that recorded a maximum (minimum) temperature greater 
(lower) than or equal to the 95 th (5th) percentile; 

• A one day very hot (cold) event is a day that recorded a maximum (minimum) temperature greater 
(lower) or equal to 99 th (1th) percentile; 

• A hot (cold) event of more than 3 days is a succession of 3 or more days of hot (cold) events; 

• A very hot (cold) event of more than 3 days is a succession of 3 or more days of very hot 
(cold) events. 

Macro-scale atmospheric patterns and very rare extreme events  

Correlations between very cold and very hot temperature events and NAO and MO are investigated 
on a seasonal timescale between 1983 and 2009, using the Kendall’s tau  coefficient of correlation.                                                        

In data  
 - Only a few number of stations is available for each region: more stations from outside the basins 
are to be recovered or regional climate models driven by reanalysis and available at a fine spatial 
resolution could be analyzed, since they usually reproduce temperature with a good adequacy;  
 - The common period of data is small: the main conclusions focus on the results obtained over the 
full period available in each station; 
 - Missing data are observed: application of the Kuglitsch (2010) criteria for the elimination 
of datasets with several missing data. These criteria are: 
  * A month is considered complete when it contains no more than three missing days;  
  * A season is considered as available when all months are complete in respect to criterion 1; 
  * A station dataset is considered as complete when no more than three consecutive seasons are 
missing. 
 
In Results and interpretations  
 - Significance of statistical results : Application of the Mann Kendall test;  

 - The response of small scale regions to the recent global warming depend on the region charac-
teristics:  more regional studies are needed. 

Fig. 1 The geographical position of Tensift and Bourgerg 
watersheds on the map of Morocco  

Table. 1 Lengths of daily maximum and minimum temperatures time series  

 
The cold season : November, December, January and February. 
The warm season : June, July, August and September (Fig2). 
 
 

 

 

 

 

 

 

 

Most of the observed trends during the com-
mon period of data (1983-2009) are not statis-
tically significant. Main conclusions focus on 
the results obtained over the full period avail-
able in each station.   

Most of the estimated trends in seasonal 
mean maximum and minimum temperatures 
have large and positive magnitudes. 

The trend magnitudes in both basins are of 
the same order, no discernible spatial trend 
appears in the datasets.  

The trends are larger for minimum tempera-
ture mainly during the warm season and they 
are mostly significant in coastal stations (fig3 
& 4). 

 

At the seasonal scale, the rate of change in percen-
tile-based maximum temperature events is different 
between the cold and warm seasons. No pro-
nounced trends were found in hot and very hot 
events lasting for 3 days or more. Changes in cold 
temperature extremes are larger than those for warm 
temperature extremes and very cold events de-
creased significantly during both seasons in the 
studied area (fig5 & 6). 

  

Extreme temperature events recorded in the four 
stations during the warm season are influenced by 
the MO. This influence is higher in the southern re-
gion (The Tensift area) indicated with stronger corre-
lation coefficients. The circulation related to the 
NAO affects the events recorded in Rabat-Sale only 
(Table 2).  

 

Results 

Fig.3: Yearly average minimum and maximum temperatures in the studied stations during the 
warm season  

Fig.4: Yearly average minimum and maximum temperatures in the studied stations during the 
Cold season  

Fig. 2 Climatograms of Kasba Tadla, Marrakech, Rabat-Salé and Safi 

Fig. 5 Evolution of hot and very hot events in the studied stations during the 
warm season; R.E: Rare Events; V.RE: Very Rare Events 

Fig. 6 Evolution of cold and very cold events in the studied stations dur-
ing the cold season ; R.E: Rare Events; V.RE: Very Rare Events 

Table. 2 Seasonal correlations between NAO and MO and extreme temperature events, 
Bold Character: trend is statistically significant, Significance level=0.05 

Conclusion 

The results of this study highlight the fact that, the re-
sponse to the recent global warming depends on the con-
sidered region characteristics and emphasize the need for 
regional studies. It would be worth while making such a 
study on other areas from Morocco, if more long daily data 
records were to be recovered. Obtained results could then 
be compared with those of the present study. As a surro-
gate for station data, regional climate models driven by re-
analysis now available at a fine spatial resolution could be 
also analyzed, since they usually reproduce temperature 
with a good adequacy. However as a note of caution, the 
findings of this study refer to the recent past and do not al-
low speculation about future evolution and trends, yet they 
might be of major importance for policymakers designing 
risk-prevention procedures as well as socio-economic 
strategies. 
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