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Abstract 
Despite the extreme events impact on various climate events frequency and 
intensity in many developing countries, there has been dearth information on 
daily climate trends and climatic extremes. This study comes to characterize 
the climate type and its evolution in Morocco, specially the two regions Beni 
Mellal-Khenifra and Darâa-Tafilalt. RClimdex software has been used to cal-
culate pluvio-thermal and ombro-thermic indices in the studied stations to 
reveal climate type in the two regions, their evolutions, and the daily extreme 
temperatures and precipitations. A cartographic representation has been done 
for the calculated indices and climatic trends in the stations from 1970 to 
2016. As results, the temperature trend for hot day’s number shows a signifi-
cant increase, while the cold night’s numbers, warm sequences, and precipita-
tion are gradually decreases especially at Khouribga and Midelt. These ob-
served modifications influence negatively the annual rainfall total in the year, 
the consecutive wet days, the maximums rainy days, and the increase of con-
secutively dry days. As a conclusion, the Martonne aridity and ombro-thermic 
indices, show that the temperatures and precipitations evolutions do not in-
duce a change in the climate type for the studied regions. 
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1. Introduction 

Climate changes can be defined as the Earth or regional global climate negative 
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variations. These changes may be due to intrinsic processes in the Earth, to ex-
ternal influences, or more recently, to human activities [1]. Current climate 
changes are not considered as an ordinary change due to its magnitude and 
speed [2]. 

Since the second Intergovernmental Panel on Climate Change report [3] has 
highlighted the lack of information on climate trends and variability, and daily 
climate extremes [4], a number of literature studies of these changes have 
emerged, both for specific countries [5] [6] [7] [8] [9], then synthesize this in-
formation between regions and globally [10] [11] [12]. These studies tended to 
focus on areas where the daily meteorological observations required for these 
analyze were already well spaced, controlled and archived [10]. 

In Africa, numerous regional and national studies on recent trends and varia-
bility of the monthly climate synthetize that Africa has undergone in the last 50 
years, one of the largest variations in rainfall observed, and noticeable distur-
bance of different climatic parameters [13] [14] [15] [16] [17].  

In Morocco, the quantification of climate change has become a major issue in 
terms of the dependence of agricultural production and the local economy on 
water availability. Any change in the frequency or severity of extreme weather 
and climate events could have a significant impact on nature and society [18]. 

This research article aims to study the evolution of the observed climate change 
trends in the two regions Beni Mellal-Khenifra and Darâa-Tafilalet through cli-
matic indices calculated on the basis of observations from the Regional Directo-
rate of Meteorology of Beni Mellal (RDM) and climatological stations. 

2. Materials and Methods 
2.1. Study Area 

Two administrative regions are attached to RDM, Beni Mellal-Khenifra region 
that is composed by four large natural groups: the mountain ranges, the pied-
mont or the Dir, the plateau of the Phosphates of Khouribga, and the Tadla Plain 
[19]. Darâa-Tafilalt region formed by two large watersheds Darâa and Ziz-Rheris 
[20] (Figure 1). Administratively, Beni Mellal-Khenifra region is constitute of 
five provinces (Azilal, Beni Mellal, Fquih Ben Salah, Khenifra and Khouribga), 
and 135 communes including 16 municipalities and 119 rural communes, while 
the Darâa-Tafilalt region is formed by five provinces (Errachidia, Midelt, Ting-
hir, Ouarzazate and Zagora), and 125 municipalities (16 in urban and 109 in ru-
ral areas). 

2.2. Data 

The calculated indices in this research article have been done on the basis of 
daily temperatures observations (maximum and minimum), and precipitations 
measurement of 5 stations in the study area. These data were measured over a 
46-year period (1970 to 2016). The meteorological stations used in this study 
(Figure 2) location are summarized in Table 1. 
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Figure 1. Geographical location of the study area. 

 

 
Figure 2. Meteorological stations location on a digital terrain model. 
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Table 1. Used stations information. 

Information Station Latitude (˚) Longitude (˚) Altitude (m) Measurement period 

Beni Mellal 32.36 −6.4 472 1970-2016 

Midelt 32.68 −4.73 1508 1970-2016 

Ouarzazate 30.93 −6.9 1136 1970-2016 

Khouribga 32.87 −6.97 785 1984-2016 

Errachidia 31.93 −4.40 1034 1973-2016 

 
Table 2. Martonne aridity index classification. 

Value Climate 

0 < I < 5 Hyper arid absolute desert 

5 < I < 10 Arid to desert 

10 < I < 20 Semi-arid 

20 < I < 30 Sub wet 

30 < I < 55 (60) wet 

I>55 (60) Very wet 

2.3. Methods 

In this study we used an open source GIS software for cartography and elaborate 
all the maps with a World Shaded Relief background projected at WGS 84, and 
some different indexes has benne calculated for estimate climate trends.  

2.3.1. Martonne Aridity Index 
Aridity index is a number indicating how much more precipitation could be lost 
by evapotranspirtion if it were available than is actually lost at a givenlocation. 

The climate type characterization in Beni Mellal-Khenifra and Darâa-Tafilalt 
regions has been done using the Martonne aridity index, described as the annual 
precipitation height (P) and the average annual temperature (T) ratio. 

( )10I P T= +                          (1) 

With: 
P: Annual rainfall height (in mm) 
T: Annual temperature average (in ˚C) [9] 
De Martonne's Index of Aridity has the obvious advantage of showing the 

transition from one area to another, but it may logically be attacked because of 
its empirical nature. Nevertheless, it serves as a useful discreet tool in illustrating 
the slow transition between arid, semiarid, and humid environments. 

This index reflects the climatic conditions using the low average annual rain-
fall and the strong deficit comparison with temperature. The high value of this 
index due to high rainfall and/or low temperatures led to a wet climate, and the 
opposite to dry climate as summarized in Table 2. 
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In order to characterize the types of climate as well as their evolution, the 
Martonne aridity index was calculated in the observation period for each me-
teorological station as well as on two different periods 1970-1990, 1991-2010 and 
a summary period from 1970-2016. 

2.3.2. Ombro-Thermic Index 
The climate change at the inter-monthly scale characterization has been done 
using ombro-thermic index, that aims to distinct between dry and wet months 
that are not easily identifiable, or at least more or less similar. 

2oI P T= −                           (2) 

 Wet climate: Io > 0 
 Dry climate: Io < 0 

2.3.3. RClimdex Indices 
The used data quality in this work has been controlled by the Rclimdex software 
to identify any recording errors that may exist on daily data and influence the 
characterization results. This processing is based on checking and eliminating 
values that have anomalies, such as: 
• It is not possible to have more than 365 or 366 daily observations per year; 
• The month of February must not have more than 28 or 29 observations 

whatever the year considered; 
• The missing data is replaced by -99.9 before controlling the data quality; 
• The rain must be between 0 and 200 mm; 
• The maximum temperature must be higher than the minimum temperature. 

 
Table 3. Summary information about the used precipitation indices. 

Identifier Index name Definition Unit 

RX1day 
Maximum Height of one  

day precipitation 
Maximum total precipitation of a rainy day Mm 

Rx5day 
Maximum cumulative  
5-days precipitation 

Maximum total precipitation over 5 consecutive rainy days during the year Mm 

SDII Simple intensity of rainfall Annual total precipitation over the number of rainy days (PRCP ≥ 1.0 mm) mm/day 

R10 
Number of precipitation days ≥ 10 

mm 
Number of days of the year with rainfall ≥ 10 mm Day 

R20 
Number of precipitation days ≥ 20 

mm 
Number of days of the year with rainfall ≥ 20 mm Day 

Rnn Number of days above nn mm 
the number of days counts in the year whose value is above the threshold set by 

the decision maker 
Day 

R95p Very rainy days Total annual precipitation according to 95th percentile precipitation Mm 

R99p Extremely rainy days Total annual precipitation according to 99th percentile precipitation Mm 

PRCPTOT Annual total rainfall Total annual precipitation of rainy days (RR ≥ 1.0 mm) Mm 

CWD Consecutive rainy days Maximum number of consecutive days with daily rainfall ≥ 1 mm Day 

CDD Consecutive dry days Maximum number of consecutive days with daily rainfall < 1 mm Day 
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Table 4. Summary information on the used temperature indices. 

Identifier Index name Definition Unit 

TN10p Relatively cool nights Percentage of days with Tmin < 10th Percentile % day 

TX10p Relatively cool days Percentage of days with Tmax < 10th percentile % day 

TN90p Relatively hot nights Percentage of days with Tmin > 90th percentile % day 

TX90p Relatively warm days Percentage of days with Tmax > 90th percentile % day 

WSDI Hot sequences durations Indicator 
Number of days in the year with at least six consecutive days in which Tmax > 

90th percentile 
% day 

CSDI fresh sequences durations Indicator 
Number of days in the year with at least six consecutive days where Tmin < 10th 

percentile 
% day 

DTR Diurnal Thermal Amplitude Average monthly difference between Tmax and Tmin ˚C 

 
Based on verified data, the thermal evolution analysis in the Darâa-Tafilalt 

and Beni-Mellal Khénifra regions has been done using a set of climate indices, 
calculated annually through RClimdex software for the five stations. These in-
dices allow easy comparison of general climate trends between different regions 
and climatic zones [21]. A total of 27 indices are proposed to detect climate 
change in any study area [22] [23] [24] [21]. In our study case, we employed on-
ly 18 precipitation and temperature indices shown in Table 3 and Table 4. 
These indices are considered the most representative in climate change trends. 

3. Results and Discussion 
3.1. Ombro-Thermic Index 

A semi-arid climate characterized both Beni-Mellal and Khouribga stations. The 
two stations located near the Middle Atlas benefit from the generated rain that 
are coming from Atlantic disturbances by reliefs. The hyper-aridity climate in 
Errachidia and Ouarzazate stations is mainly due to the location downstream of 
the Atlas, which constitutes a barrier to the oceanic influence of the Atlantic. 
Midelt is characterized by an arid desert climate caused by geographical position 
in Middle Atlas downstream, which are preventing the influence of classical dis-
turbances from the Atlantic.  

The Martonne aridity index I (equation (3)) results for the 3 periods showed 
that there are no changes in climate type for 5 studied stations (Table 5). 

To characterize the Ombro-thermic index evolution, four periods (1970-1979, 
1980-1989, 1990-1999 and 2000-2016) are used as indicator of general climate 
trend in the study area.  

The ombro-thermal index calculation results (Table 6) showed that the wet 
period is characterized by six months in Khouribga station and seven months for 
Beni Mellal station on the totality of the studied period (Table 7). 

On the other hand, Table 8 and Table 9 showed that the Errachidia and Oua-
rzazate stations climates during all the year are dry. Concerning, Midelt station 
climate (Table 10) is characterized by a short wet period (2 to 3 months) and a 
long dry period (9 to 10 months). 
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Table 5. Climate type in studied stations. 

Station Interval P annuals average T annuals average I Climate type 

Beni Mellal 

[1970-2016] 357.8543 19.2121 12.2501 Semi-arid 

[1970-1991] 410.6570 19.0385 14.1417 Semi-arid 

[1991-2010] 315.5000 20.2983 10.4130 Semi-arid 

Khouribga 

[1984-2016] 327.4531 17.9875 11.6999 Semi-arid 

[1984-1991] 380.1571 19.9800 12.6803 Semi-arid 

[1991-2010] 327.3330 18.0211 11.6816 Semi-arid 

Midelt 

[1970-2016] 186.6304 14.8697 7.5043 Arid to desert 

[1970-1991] 199.9428 14.3361 8.2158 Arid to desert 

[1991-2010] 176.6055 16.1327 6.7580 Arid to desert 

Errachidia 

[1973-2016] 117.8139 20.5632 3.8547 Hyper arid absolute desert 

[1973-1991] 109.0500 19.9777 3.6376 Hyper arid absolute desert 

[1991-2010] 125.3111 22.2294 3.8880 Hyper arid absolute desert 

Ouarzazate 

[1973-2016] 118.5913 19.4223 4.0306 Hyper arid absolute desert 

[1970-1991] 121.7333 19.7976 4.0853 Hyper arid absolute desert 

[1991-2010] 125.3166 20.9611 4.0475 Hyper arid absolute desert 

 
Table 6. Ombro-thermic index of Khouribga station. 

 
Jun Feb Mar Apr May June July Aug Sep Oct Nov Dec 

1984-1993 23.3 27.9 18.9 5.2 −23.2 −23.2 −33.3 −39.7 −43.2 −37.1 −12.7 21.1 

1994-2003 49.9 11.5 8.4 9.4 −18.6 −29.1 −42.1 −39.8 −29.3 −13.8 4.1 56.1 

2004-2016 22.1 22.1 12.1 −13.1 −16.2 −41.5 −48.3 −49.2 −27.2 −10.6 30.6 14.5 

N=Average(D) 31.7 20.5 13.4 0.5 −19.4 −31.5 −41.3 −42.1 −33.2 −20.8 7.3 30.6 

 
Table 7. Ombro-thermic index of Beni Mellal station. 

 
Jun Feb Mar Apr May June July Aug Sep Oct Nov Dec 

1970-1979 37.1 29.7 40.8 43.3 −2.9 −33.4 −48.0 −51.4 −40.8 5.2 6.8 33.3 

1980-1989 18.7 26.7 12.5 8.6 −11.7 −47.3 −54.3 −50.0 −39.8 −20.8 26.4 9.4 

1990-1999 12.7 20.8 29.7 10.5 −22.2 −37.7 −53.3 −53.3 −31.3 −19.8 4.1 29.1 

2000-2016 5.2 14.6 18.0 −0.3 −18.1 −44.1 −52.3 −48.9 −3.5 36.8 14.1 21.3 

N=Average(D) 18.6 23.0 25.2 15.5 −13.7 −40.6 −51.9 −50.9 −28.8 0.3 12.8 23.3 

 
Table 8. Ombro-thermic index of Errachidia station. 

 
Jun Feb Mar Apr May June July Aug Sep Oct Nov Dec 

1973-1982 5.1 −2.8 −20.0 −4.1 −27.1 −50.6 −52.4 −51.1 −38.2 −35.1 −19.8 −5.7 

1983-1992 −11.8 −8.9 −21.9 −31.4 −30.3 −48.3 −60.7 −58.8 −44.8 −25.8 −7.5 −2.6 

1993-2002 −5.3 −8.2 −18.3 −27.3 −42.4 −51.4 −60.7 −58.1 −44.6 −11.5 −15.6 −15.5 

2003-2016 −9.9 −7.7 −18.5 −28.4 −37.2 −50.5 −57.4 −57.5 −33.5 −21.6 −19.8 −7.3 

N = Average(D) −22.0 −27.7 −78.8 −92.1 −138.0 −200.9 −231.4 −225.6 −161.3 −94.1 −62.9 −31.2 
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Table 9. Ombro-thermic index of Ouarzazate station. 

 
Jun Feb Mar Apr May June July Aug Sep Oct Nov Dec 

1970-1979 −4.6 −20.9 −22.3 −21.9 −35.6 −50.3 −57.0 −52.7 −37.1 −17.4 −10.1 −7.6 

1980-1989 −4.1 −2.6 −21.8 −32.6 −34.8 −50.7 −58.7 −52.5 −37.6 −28.2 −6.2 −7.4 

1990-1999 −9.1 −4.4 −7.8 −28.3 −42.5 −46.9 −56.3 −45.5 −42.7 −21.2 −24.7 −6.7 

2000-2016 −15.1 −14.7 −11.9 −22.7 −34.3 −34.5 −50.7 −49.8 −42.7 −28.8 −26.2 −12.1 

N = Average (D) −8.2 −10.5 −16.0 −26.4 −36.8 −45.6 −55.7 −50.1 −40.2 −23.9 −16.8 −8.5 

 
Table 10. Ombro-thermic index of Midelt station. 

 
Jun Feb Mar Apr May June July Aug Sep Oct Nov Dec 

1970-1979 8.8 11.9 −1.2 19.8 1.6 −6.9 −33.1 −40.10 −27.1 −10.7 −6.4 −7.8 

1980-1989 0.1 −3.4 −12.7 −8.6 −7.8 −29.2 −45.8 −44.3 −28.6 −9.3 −3.6 −11.0 

1990-1999 −0.5 −4.7 −1.7 −3.4 −14.0 −28.5 −43.7 −36.9 −17.2 −20.8 −3.4 −5.9 

2000-2016 −3.1 −0.1 −3.0 −12.1 −8.1 −28.4 −40.4 −31.3 −25.4 −7.5 −1.9 −2.7 

N=Average(D) 2.8 1.2 −5.2 2.5 −6.7 −21.5 −40.9 −40.4 −24.3 −13.6 −4.4 −8.2 

3.2. Indices Cartographies 
3.2.1. General Trend of Temperature Indices 
The observed indices of climate change are calculated from daily precipitation 
data and temperatures (maximum and minimum) in Khouribga, Beni-Mellal, 
Midelt, Errachidia and Ouarzazate stations. The data period used are summa-
rized in Table 11. 

 
Table 11. Reference periods used by RClimdex to calculate climate indices. 

Station Errachidia Ouarzazate Béni-Mellal Midelt Khouribga 

Reference period 1973-2000 1970-2000 1970-2000 1970-2000 1984-2000 

 
We are taking for example the observed trends evolution in Beni Mellal sta-

tion such as illustrated in Figure 3. The part ((a)-(b)) represent relatively hot 
days and number of heat wave indices evolution. These two indices have a sig-
nificant upward trend generally detected on both case. Concerning the rainfall, 
the part (c) shows a downward trend in the annual cumulative rainfall index, but 
this trend is not statistically significant. 

1) Relatively cool nights (TN10p) 
Figure 4 bellow shows a spatial distribution of TN10p. This index is down 

significantly and suggests −0.024% to −0.325% days/year, which leads to a de-
crease in the number of cold nights. The highest fall value is located in Beni 
Mellal city (−0.325% of days/year), Errachidia (−0.32% of days/year), Ouarzazate 
(−0.295% of days/year), and Midelt (−0.274% of days/year). These trends seem 
significant in all stations. 
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Figure 3. Observed trends evolution in Beni Mellal station for: (a) Relatively hot days index; (b) hot sequences durations index; (c) 
annual totals of precipitations index. 
 

 
Figure 4. Spatial distribution of the index trends of the fresh nights. 
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2) Relatively warm days (TX90p) 
Figure 5 represents the index evolution trend of the relatively warm TX90p 

days for the five stations of interest. All trends are positive and statistically sig-
nificant. The hot days shows a real increase. This observation is valid for all the 
observations analyzed. This increase varies between 0.568% in days per year (5% 
days per decade) in Errachidia, Ouarzazate (0.489% of days/year), Khouribga 
(0.475% of days/year), Midelt (0.397% of days/year) and 0.276% days per year 
equivalent to 2% day by decade in Beni Mellal. 

3) Warm Sequence Duration Indicator (WSDI)/Heat wave 
The WSDI index (Figure 6) express the number of hot days in the year with at 

least six consecutive days or heat wave. Its results are significant at all stations in 
the study area. The maximum value is observed at Errachidia with 1.301% of 
days/year, followed by Ouarzazate 1.137% days/year and Khouribga 0.837% 
days/year. The minimum value is observed at Midelt with 0.581% days/year. 

Synthesis: The observed global warming in the two regions (Beni Mel-
lal-Khenifra and Darâa-Tafilalt) is characterized by a significant increase in rela-
tively hot days and for the indicator of successive heat duration in Errachidia 
and Ouarzazate compared to other stations. The cool nights show a decrease on 
the whole of stations. 

 

 
Figure 5. Index evolution trend of the relatively warm. 
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Figure 6. Warm Sequence Duration index variation in the different stations. 

3.2.2. General Trend of Precipitation Indices 
1) Maximum of one rainy day (RX1day) 
The RX1day index map (Figure 7) expresses the maximum height of the pre-

cipitation in one day. This trend is more pronounced at Khouribga station where 
there has been a decrease in the order of (−0.41 mm) and in Midelt (−0.005 
mm). On the other hand, Ouarzazate, Errachidia and Beni Mellal show an in-
crease between 0.177 and 0.052 mm. 

2) Very wet days (R95p) 
Figure 8 shows that Beni Mellal, Ouarzazate and Errachidia stations have an in-

creasing trend between 0.29 and 0.654 mm. This increase is much accentuated in 
Beni Mellal with 0.654 mm and in Ouarzazate 0.429 mm. The downward trend is 
noticeable especially in Midelt with −0.627 mm, and Khouribga −0.299 mm. 

3) Annual rainfall totals (PRCPTOT) 
Figure 9 represents the PRCPTOT index that is reflecting the total annual pre-

cipitations in rainy days. This totals rainfall index is characterized by a downward 
trend in the Beni Mellal stations −1.343 mm, Khouribga −1.23 mm and Midelt 
−0.417 mm. While in Errachidia and Ouarzazate stations are characterized by an 
increase in the order of 1.075 and 0.138 mm. 
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Figure 7. Maximum height of the precipitation in one day in different stations. 

 

 
Figure 8. Very wet days index trends. 
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Figure 9. PRCPTOT index trends of total annual precipitations. 
 

4) Consecutively dry days (CDD) 
This index evolution is marked by a very considerable decline in Ouarzazate 

−0.647 days/year. In the other stations as Errachidia there is a rather low decline 
is that does not exceed −0.481 days/year. In Beni Mellal and Midelt station they 
are successively characterized by a rise of 2 days/decade and 3 days/decade. This 
increase is more pronounced in Khouribga, which has a trend of 7.65 days/decade 
of consecutive days without rain (Figure 10). 

Synthesis: The two regions rainfall (Beni Mellal-Khenifra and Daraa-Tafilalt) 
is marked by a variable evolution. This recession is reflected in a downward 
trend in climate change indices for stations and an increase in other stations, 
particularly for rainfall totals, consecutive wet days and consecutive dry days. 
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Figure 10. Spatial distribution of consecutive day index trends. 

4. Conclusions 

The objective of this work is to provide a summary of extreme and average cli-
mate trends observed in the Beni Mellal-Khenifra and Darâa-Tafilalt regions 
over the last four decades. The indices were calculated based on daily maximum 
and minimum observations for temperatures and precipitation. Trends were 
calculated for five weather stations from 1970 to 2016. 

For temperature trends, a large number of stations are experiencing signifi-
cant trends, which would confirm an increase in temperature in the study area 
and subsequently widening of the hot season and shrinking of the cold season. 
The results also show a decrease in the number of cold nights and an increase in 
the number of hot days and indicator of the durations of hot sequences. In addi-
tion, precipitation behavior is difficult to analyze given the geographic position 
and terrain that influences their random distributions. 

Precipitation decreases especially in Khouribga and Midelt. This decrease is 
materialized by a decrease in annual rainfall totals, consecutive wet days, and 
maximums of a rainy day. An upward trend of consecutively dry days is ob-
served in Beni Mellal, Khouribga and Midelt. Note that these trends are not sta-
tistically significant. 
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In general, the different evolutions of the temperatures and precipitations did 
not induce a change of the type of climate in the studied regions. 
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