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ABSTRACT: Morocco has been experiencing significant
climatic disturbances in recent decades. The climate change issue
arises mainly in terms of water deficits induced by the decrease
in rainfall received and the increase in temperature. The
objective of this study is to characterize the drought temporal and
spatial distribution and severity within local agro-climatic zones
of Settat Province. The study area extends over a distance of 85
km from North to South and concerns three agro-climatic zones.
The Standardized Precipitation Index was used for drought
analysis and characterization in the three zones for 107 years of
rainfall data. Results show that numbers of normal average years
are declining, dry years are increasing and humid years are
declining in three zones. However, the SPI changes over time are
not similar for the three zones, that is, the rainfall deficit is taking
place more in the “Favorable Rain-fed” zone and to a low degree
in the “Intermediate Rain-fed” but not in the ‘Less Favorable”
zone.
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INTRODUCTION

Morocco, located in the North West of Africa between the Atlantic Ocean, the Mediterranean
Sea and the Great Sahara, has experienced significant climatic disturbances in recent decades
(IPCC, 2013). Several studies have shown the inter- and intra-annual variability of rainfall with
a rather remarkable downward trend in rainfall over the last sixty years (Born et al., 2008;
Agoumi & Debbarh, 2006), increasingly frequent droughts (Mokssit, 2012; Sebbar et al.,
2013), more frequent sporadic torrential rains by locality (Ait Bella & Samih, 2020; Sebbar,
2013) and a remarkable rise in temperature (El Jihad et al., 2014; Sebbar, 2012). All these
studies agree that climate change is taking place in Morocco especially in the semi-arid, humid
and sub-humid areas (Sebbar et al., 2011; Mokssit, 2012; Driouech, 2009a).

In Morocco, the issue of climate change arises mainly in terms of water deficits induced by the
quantitative decrease in normal rainfall received, the resurgence of drought periods, the
increase in losses by evaporation under the effect of the gradual rise in temperatures, and the
resurgence of extreme climatic hazards (Zamrane, 2018; Boubekri et al., 2019). These aspects
not only affect agricultural productivity but they also affect the cropping systems and farming
practices such as cropping and livestock management, the use of inputs and the allocation of
resources (Zinyengere et al., 2015). The seasonal and annual rainfall trend has been decreasing
in the semi-arid rain-fed area since 1980 (Sebbar, 2013; Ait Bella & Samih, 2020). The study
of the climatic characteristics evolution using the Standardized Precipitation Index (SPI)
method will allow the characterization of the spatial and temporal variability of drought in a
small-scale territory (Settat province) that represents the Chaouia plain cereal belt.

The objective of this study is to characterize the drought temporal and spatial distribution
severity within homogeneous agro-climatic zones in order to better target later the adaptation
strategies of the existing rain-fed farming systems in Settat Province.

LITERATURE

Drought is one of the natural disasters that have deeply marked the lives of populations
throughout the ages. It does not have a universal definition; there are as many definitions of
drought as there is water use: drought is indeed a lack of water availability compared to a
situation considered normal for a given period, a specific region and/or specific uses (Ait Bella
& Samih, 2020). The general term “drought” covers different concepts. We will distinguish a
"punctual™ lack of water (drought) from a structural water deficit (aridity). Aridity is a
systematic deficit of rainfall. In so-called arid regions, precipitation is less than the potential
evapotranspiration. In contrast, drought defines an unsystematic rainfall deficit and it is
therefore characterized by the intensity of its deviation from an average or normal rainfall value
(Jones, 1992).

Different quantitative elements characterize droughts: the duration (intermittent or prolonged
drought), the occurrence period, the geographical extension, the establishment dynamics
(sudden or progressive) and the time of occurrence in relation to the crop cycle. Therefore,
when considering crops of our study area, a drought corresponds to a deficit of water in the soil
and/or in the air, resulting in decrease of the entire plant absorbed water quantity in comparison
with the amount of water evaporated.
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The Mediterranean basin is considered by the latest IPCC report to be a climatic "hot spot”
(IPCC, 2013) that is sensitive to climate change effects. This region, known for its strong inter-
annual rainfall variability due to the vulnerable geo-climatic position, has generated a lot of
research on the climate characterization and on water availability in this part of the globe
(Meddi & Meddi, 2009).

Morocco, one of the countries on the southern Mediterranean shore, has not escaped global
climate change (Sebbar et al., 2011). As in all the world semi-arid and arid regions, highly
variable annual and seasonal rainfalls characterize the climatic trends of this country. In terms
of recent evolution, precipitation has recorded a general downward trend, disparate over time
and space, and highly fluctuating. Maximum winter and summer temperatures follow an
exponential curve (Driouech, 2009b). The majority of climatic stations in Morocco report a
downward trend in annual and seasonal rainfall (Sebbar et al., 2012). According to the same
investigators, the change and disruption of the annual rainfall regime during the 1970s
previously demonstrated applies to the seasonal scale. Thus, they reported a decline in the
middle and the end of the rainy season (winter and spring) and a slight increase in fall
precipitation over the entire central region of Morocco. This downward trend in rainfall has
been associated with the decrease in the frequency of disturbances coming from the North-
West, and that often affects the central region of Morocco during winter and spring seasons.

During the 1961 to 2004 period, the frequency and severity of droughts increased considerably,
with a strong trend towards a decrease in the number of wet years and a more remarkable
increase in the number of dry years (Ait Bella & Samih, 2020; Sebbar, 2013). They observed
an increase in the duration of consecutive days without rain during the rainy season
(September—April) that reached more than 15 days, and a decrease in precipitation of around
23 mm on average. This decrease reached 38 mm in the Northwest region, which is the
equivalent of a third of the normal rainfall (EI Ouali, 2010).

The projections established by the National Meteorological Directorate predict an increase in
average summer temperature of around 2 °C to 6 °C, and an average decrease of 20% in
precipitation by the end of the century (Mokssit, 2012; Sebbar et al., 2013; Driouech et al.
2010). In future climate scenarios, a decrease in precipitation is expected and an increase in
extreme drought conditions in Morocco. The predicted drop in rainfall will affect water
resources, especially surface water that feeds the largest dams and reservoirs.

Meteorologists and climatologists use many indices for drought characterization all over the
world, ranging from the simplest, such as percentage of normal precipitation or precipitation
percentiles, to the more complex ones. In the USA, scholars have realized that an index should
be simple, easy to calculate, and statistically relevant and meaningful. Of all the developed
drought indices, the Standardized Precipitation Index (SPI) (McKee et al., 1993) is the most
popular in characterizing meteorological drought. The SPI was developed in order to
characterize the precipitation deficits for a given period and to reflect the impact of drought on
different water resources availability.

This index is widely used throughout the world for drought analysis, especially meteorological
ones (Pashiardis & Michaelides, 2008; Tirandaz & Eslami, 2012; Jacobi et al., 2013; Alahiane
et al.,, 2018). The standardized precipitation index has advantages in terms of statistical
consistency and the ability to describe—both short term and long term—drought impacts
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across different time scales. The probabilistic nature of this index allows it to be comparable
between different sites (Mirabbasi et al., 2013).

METHODOLOGY
The Study Area

The Province of Settat, located in the center of the Kingdom of Morocco, covers approximately
7,220 km? that represents 35% of the area of the Casa-Settat region. It covers the southern part
of the Chaouia Atlantic plain and all of Beni Mesquines territories that are known for their
small grains and livestock production. The climate of Settat Province is Mediterranean semi-
arid type with oceanic influence with two distinct seasons: a cool rainy season (October to
April) and a hot dry season (May to September). The average monthly temperatures vary
between 12 °C and 29 °C. December—January are the coldest months with minima reaching 5
°C, and July—August are the hottest months with maxima that exceed 38°C. The study area is
dominated by three types of wind: wind from the West which is cool and humid and prevails
during winter, wind from the South-West which is temperate and humid in winter but hot and
dry in summer, and wind from East (Sirocco) which is cold and dry in winter but hot and dry
in summer.

The study area extends over a distance of 85 km from North to South and concerns three
agroclimatic zones of Settat Province (Fig. 1):

e The "Favorable Rain-fed" agro-climatic zone hereinafter referred to as **Settat
Zone': This zone, located in the northern part of the province, is characterized by a
favorable climate (300 to 340 mm/year) with an oceanic influence on humidity and
temperatures. According to Emberger's (1930) climatic classification, with Q2 = 47.7, this
zone belongs to the Medium Semi-Arid bioclimatic class with temperate winters.

e The "Intermediate Rain-fed" agro-climatic zone hereinafter referred to as "Guisser
Zone'': This zone, located south of the previous zone, is characterized by a less favorable
climate (240 to 280 mm/year) with a more continental and a less oceanic influence on
humidity and temperature than the previous zone. With an Emberger quotient of Q2 = 34,
this zone belongs to the Low Semi-Arid bioclimatic class with temperate winters.

e The "Less Favorable Rain-fed" agro-climatic zone hereinafter referred to as "El
Brouj Zone™: This zone, located in the south of the province, is characterized by an
unfavorable climate (180 to 240 mm/year) with a greater arid continental influence.
Emberger's quotient has a value of Q2 = 28.8; therefore this zone belongs to the Upper
Arid bioclimatic class with temperate winters.

112 Article DOI: 10.52589/AJENSR-13Y1BRCV
DOI URL: https://doi.org/10.52589/AJENSR-13Y1BRCV



African Journal of Environment and Natural Science Research
ISSN: 2689-9434
Volume 4, Issue 4, 2021 (pp. 109-122)

Legend e

D\ Fanoratio 23

El Brouj
* ey

Figure 1: Map of the three agro-climatic zones of Settat Province, Morocco.

Climatic Data Used

The problems of climatological measurements are crucial in any climatological study. When
measurements of climate elements are available, they often suffer from failures such as station
representativeness, gaps, data entry errors, and erroneous values or homogeneity problems.
Along with these obstacles, there is also that of the availability of updated series. The climatic
characteristics of the sites (variability, trends, etc.) are highlighted using statistical tools and
specific software packages developed for this purpose. The reliability of the results depends on
the quality of the climatic series which are used (length, homogeneity, geographical position,
gaps, etc.).

The climatic data (rainfall, and minimum and maximum temperatures) used in this study are
those of the:

- INRA (National Institute for Agricultural Research) database provided by the stations
in Sidi ElI Aydi and Jemaa Riah, in addition to the national database available in the
agro climatology laboratory at INRA of Settat,

- DMN (National Meteorogical Directorate) stations in Ai Nzagh and ElI Massira Dam,

- Ministry of Agriculture stations available at the Agricultural Extension centers of
Settat, Sidi EI Aydi Oulad Said, Guisser, Ben Ahmed, Khémis Sidi Mohamed Ben
Rahal, El Brouj, and Oulad Gnaou (ORMVA Tadla).
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The Standardized Precipitation Index (SP1): A Tool for Characterizing Droughts.

The Standardized Precipitation Index (SPI) is widely used around the World for drought
analysis and characterization (Tirandaz & Eslami, 2012). The SPI has advantages in terms of
statistical consistency and the ability to describe—both short term and long term—the impacts
of drought across different time scales. The probabilistic nature of this index allows it to be
comparable between different sites (Mirabbasi et al., 2013). This index is considered at the
same time simple and robust. It is based on rainfall data adopted by the World Meteorological
Organization (WMO) in 2009, as a global instrument for measuring meteorological droughts.
It allows the check of both wet and dry period cycles. The mathematical formula for SPI is as
follows:

SPI = (Pi —Pm)/c 121

where Pi = the total annual rainfall of the i1 year; Pm = the average rainfall et o: Standard
deviation.

RESULTS
Drought Evolution
"Favorable Rain-fed" Agro-climatic Zone or **Settat Zone"

The calculation of the standardized precipitation index (SPI) for the 20142020 rainfall series
for the Settat zone shows high variability with a downward trend of this index (Fig. 2). Indeed,
at the start of this rainfall series, the SPI was rather positive with few dry years while towards
its end, it was negative indicating the high frequency of dry years during recent years.

The overall analysis shows that the majority of years (71 years or 66%) had indices close to
normal (-0.99 < SP1 < 0.99) (Table 1). Moderately humid to extremely humid years (1 < SPI <
+2) represented 21% or 22 years) over the entire series, while moderately dry to extremely dry
years (-2 < SPI <-1) represented only 14% or 14 years for this zone over 107 years of rainfall
data. However, the same analysis by period shows that during the first period (1914-1949) the
climate of the “Favorable Rain-fed” zone was characterized by a high number of wet—very wet
years and fewer dry years without any registered very dry or extremely dry years, while during
the following period (1950-1990), there were almost as many wet to extremely wet years as
dry years to extremely dry years. But during the last three decades, there have been 6 times
more dry years than wet years with more frequent and severe droughts (SPI < -2) (Table 1; Fig.
2).
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Figure 2: Evolution of the Standardized Precipitation Index (SPI) during the period
1914-2020 in the agro-climatic "'Favorable Rain-fed" zone of Settat Province, Morocco.

Table 1: Standardized Precipitation Index (SPI) values by climatic category (McKee et
al., 1993) for the ""Favorable Rain-fed" zone of Settat Province.

SPI values Categories Years per period
(McKee et al., 1914-1949 1950-1990 1991-2020
1993)

Extremely humid

1,5t01,99 Very humid

-0,99 to
0,99
-1,0t0-1,49  Moderately dry

-15t0-1,99 Very dry
lesthan <-2  Extremely dry

close to normal

|
1,0to 1,49 Moderately humid
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"Intermediate Rain-fed" Agro-climatic zone or ""Guisser Zone"

The SPI values on the same rainfall series for the 'Intermediate Rain-fed' zone show again the
high variability of the rainfall with a downward trend in this index but less nuanced than for
the “Favorable Rain-fed” zone (Fig. 2). At the start of this rainfall series, the SPI was slightly
positive with few dry years while towards its end, it turned negative indicating the high dry
years’ frequency in this area.

The overall analysis shows that the majority of years (73 years or 68%) had indices close to
normal (-0.99 < SP1 < 0.99) (Table 1). Moderately humid to extremely humid years (1 < SPI <
+2) represented 17% or 18 years over the entire time series, while moderately dry to extremely
dry years (-2 < SPI < -1) represented 15% or 15 years. It should be noted at this level that the
number of favorable years and the dry years were relatively similar for the zone. However, the
analysis by period for the “Intermediate Rain-fed” zone shows that the first period (1914-1949)
was characterized by a high number of normal years (29 years) and a few (5 years) wet to very
wet years, and low number (2 years) of moderately dry to very dry years without any extremely
dry year, while during the following period (1950-1990), there were less normal years (22
years instead of 29 years), more wet to extremely wet years (11 years with 2 extremely wet
years instead of 5 years), and more dry to extremely dry years (8 years with 1 extremely -SPI
< -2 year instead of 2 years). But during the last three decades, there have been 3 times more
dry years than wet years and with more frequent and severe droughts (SPI < -2), that is 6 dry
to extremely dry years and only 2 wet years (Fig. 3; Table 2).
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Figure 3: Evolution of the Standardized Precipitation Index (SP1) during the period
1914-2020 in the agro-climatic ""Intermediate Rain-fed" zone of Settat Province,
Morocco.
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Table 2: Standardized Precipitation Index (SP1) values by climatic year category (McKee
et al., 1993) for the ""Intermediate Rain-fed"* zone of Settat Province.

SPI values Categories Years per period
(McKee et al., 1914-1949  1950- 1991-
1993 1990 2020

Extremely humid
' 1,5t01,99  Veryhumid |
|

1,0to 1,49
-0,99 to
0,99
-1,0t0-1,49  Moderately dry
-1,5t0-1,99 Very dry
lesthan<-2  Extremely dry

Moderately humid

Close to normal

""Less Favorable Rain-fed™ Agro-climatic Zone or "El Brouj Zone™

The SPI values for the “Less Favorable Rain-fed” zone show great variability over time but
without any changes of the average value. Unlike the previous agro-climatic zones, this index
remains low and stable over time, which confirms the aridity of this zone that experiences very
frequent and quite severe droughts (Fig. 3).

The overall analysis shows that the majority of years (74 years or 69%) had indices close to
normal (-0.99 < SPI < 0.99). Moderately humid to extremely humid years (1 < SPI < +2)
represented 17% or 18 years over the entire time series, while the moderately dry to extremely
dry years (-2 < SPI < -1) represented 14% or 15 years (Table 3). The overall number of
favorable years was slightly higher than that of dry years (18 versus 15 years) in this area.
However, the analysis by period shows that the distribution of wet years and dry years changed
from one period to another. In fact, during the first period (1914-1949), 28 years were normal,
5 years were humid to very humid, and only 3 years were moderately dry, while during the
following period (1950-1990), there were 30 normal years, 6 wet to extremely wet years, and
5 dry to extremely dry years. But in the last three decades, there have been only 16 normal
years, 7 wet to extremely wet years, and 7 dry to extremely dry years. We also note that during
the last period, the droughts became extreme (Fig. 3; Table 3).
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Figure 4: Evolution of the Standardized Precipitation Index (SP1) during the period
1914-2020 in the agro-climatic ""Less Favorable Rain-fed" zone of Settat Province,
Morocco.

Table 3: Standardized Precipitation Index (SPI) values by climatic year category (McKee
et al., 1993) for the ""Less Favorable Rain-fed" zone of Settat Province.

SPI values Categories Years per period Total
(McKee et al., 1914-1949 1950-1990  1991-

)

Extremely humid

1,5t01,99 Very humid

-0,99 to

0,99

-1,0t0-1,49  Moderately dry
-1,5t0-1,99 Very dry
lesthan <-2  Extremely dry

Close to normal

15t0199  Veryhumid
1,0to 1,49 Moderately humid
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DISCUSSION

According to the obtained results on the characterization of the climate using the SPI across
the different agro-climatic zones of Settat Province over the period 1914-2020, we notice that
the number of normal years decreased over time in the three agro-climatic zones. These results
confirm those reported by Sebbar et al. (2011) in the central area of Morocco that covered our
study area.

The SPI values evolved over 107 years varied between the agro-climatic zones. The more we
move from the “Favorable Rain-fed” zone towards the “Intermediate Rain-fed” zone and the
“Less Favorable” zone, the more the SPI values stabilize, approaching the values of normal
years. These SPI trends indicate that the aridity that was normal in arid areas like El Brouj
migrated to the north and north-west towards the Favorable areas of Settat Province. Some
investigators reported that this trend took place in many areas of Morocco since 1970’s (EIl
Ouali et al., 2008; Driouech et al., 2009b) while others found that it was clearly established
since the 1980’s (Ait Bella & Samih, 2020; Alahiane, 2018).

Droughts not only became more frequent in the three agro-climatic zones of Settat Province,
but their severity increased with SPI values approaching -2 or less. These results, that confirm
those reported by many authors (Benaouda and EI Mzouri, 2013; EI Ouali et al., 2008; Sebbar
et al., 2013; Mokssit, 2012; Alahiane, 2020), invite us to consider the permanent nature of
aridity that is taking place in the majority of Moroccan agro-climatic zones and particularly
those of Chaouia cereal producing plains where Settat is part of. The work carried out in the
Chaouia by several investigators (Ait Bella & Samih, 2020; Sebbar, 2013; El Ouali, 2010)
showed that the SPI recorded its lowest value (-2.54) in 1983, and its highest (+1.99) in 1996.
They indicated a clear upward trend in the SPI between October and December (planting
period) and a downward trend between January and March, a critical period for growth and the
development of cultures.

Implication to Research and Practice

The findings that demonstrate the migration of aridity towards the North on a local scale basis
(Provincial scale) confirm those reported on large scales (regional and national). Through the
aridity concept, permanent water deficit is expanding and becoming the normal climatic
behavior touching, therefore, more agricultural areas and more farming communities. Research
on drought characterization will provide strategic orientation for a better mitigation and
adaptation of rural populations.

CONCLUSION

The analysis of climatic data from the Province of Settat over a series of more than a century
(1914-2020) highlights the climate spatial and temporal variability within a small-scale
territory such as Settat Province. The climate of the various agro-climatic zones studied within
the province is characterized by more rainfall scarcity and variability, an increasingly high
frequency of dry years and drought severity at the local level of the three agro-climatic zones.
Even though results show that normal (average) years are declining, dry years are increasing
and wet or humid years are declining in the three zones, the SPI changes over time is not similar
for the three zones, that is, the rainfall deficit is taking place more in the “Favorable Rain-fed”
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zone and to a less degree in the “Intermediate Rain-fed” zone but not in the ‘Less Favorable”
Zone.

Future Research

In addition to drought characterization, research is needed on seasonal water deficits and on
the length of the growing periods to better adapt the management of the existing upcoming
cropping systems.
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