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Abstract: The monitoring of drought statewide is a difficult issue especially when the national network of meteorological
stations is sparse or do not cover the entire country. In this paper, rainfall satellite estimates derived from Tropical Rainfall
Measuring Mission (TRMM) product have been used to evaluate the ability of remote sensing data to study the trends of
annual precipitation in Morocco between 1998 and 2012. The standardized precipitation index, SPI, has been chosen to
monitor meteorological drought in Morocco. Firstly, the accuracy of TRMM product to estimate annual rainfall was evaluated.
Annual precipitations derived from 5113 daily TRMM data were compared to the corresponding rainfall measurements from
23 rain gauges. The results showed a general good linear relationship between TRMM and rain gauges data. When considering
annual record, the Pearson correlation coefficient, R², was equal to 0.73 and the root mean square error, RMSE, was equal to
159.8mm/year. The correlation between rain gauge measurements and TRMM rainfall had been clearly improved when
working with long-term annual average precipitation. The R² increased to 0.79 and the RMSE decreased to 115,2mm.
Secondly, the Mann-kendall tau coefficient, the Theil Sen slope and the contextual Mann-Kendall significance were used to
analyze the SPI trends over Morocco. This analysis showed that mainly two regions appeared to be subject of significant trends
during the studied period: The extreme north eastern of Morocco manifests a positive SPI trends and is more and more subject
of extreme rainfall while the extreme south of the country is suffering from a decrease of annual precipitation which could
represent significant socio-economic risks in these areas.
Keywords: Precipitation, Meteorological Drought, SPI, TRMM, Morocco

1. Introduction
Drought is a complex natural phenomenon that occurs
under different climates conditions with important socioeconomic risks worldwide. According to the literature, this

phenomenon is difficult to define and several definitions can
be found. To our knowledge, the first scientific studies
interested to the definition of drought started in the 1980s.
Olukayode Oladipo (1985) and Wilhite and Glantz (1985)
seem to be the first researchers to publish reviews on the
definition and classification of drought [1-2]. In general,
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drought is associated with a prolonged period where
precipitation is significantly below the normal value. This
reduction can affect human, animals and natural resources.
The determination of the normal value of rainfall in a given
zone is a big issue in drought studies and defers between
humid and dry environments. Another issue encountered
when studying drought is the complexity to define when it
starts and when it ends and thus, the effects of drought are
observed after its occurrence [2].
Wilhite and Glantz (1985) published an interesting
synthesis about the definition of drought [2]. They studied
more than a hundred definitions of drought published in the
literature and they have been grouped these definitions into
four groups: meteorological, agricultural, hydrologic and
socio-economic. All these definitions confirm that
precipitation is the most important climate parameter
affecting water availability and thus, has the largest
contribution in drought phenomenon.
Indeed, rainfall is the main source of water for human,
animal and crops around the world and is the main factor
affecting the socio-economic development of billions of
peoples, especially in developing countries and in arid and
semi-arid zones where agriculture is the primary source of
revenue [3]. This important meteorological variable is vital to
fight against poverty and to contribute to social peace. In
hydrological modelling, rainfall is a valuable information
used generally as input to understand hydrological processes
and quantify water balance components at watershed scale.
For example, it is a key variable for rainfall-runoff modeling
and aquifers recharge estimation. Rainfall is also extensively
used in weather forecasting and to study climate changes on a
global to local scale.
In Morocco, drought and floods are the major climate
disasters. These events have required significant budgets to
repair the resulting damage. They have revealed several
weaknesses related to the vulnerability of the socio-economic
fabric and basic infrastructure, as well as institutional,
technical, and organizational shortcomings in the
management of these events. Actually, Morocco has a
multitude of legal texts that deal with issues related to the
management of natural disasters. However, these texts had
been proposed to meet specific needs and had not been made
as part of a global vision that established a coherent strategy
for the prevention and the control of natural disasters. This
situation is mainly due, on the one hand, to the absence of a
framework law on the prevention of risks and precisely
identifying the competent authorities; and on the other hand,
to the multiplicity of stakeholders that induces insufficient
coordination and difficult to implement, or even conflicts of
powers.
Considering the economic, environmental and social
impacts of drought, scientists can study specific events and
weather factors underlying to improve future preparedness of
society. Therefore, drought study is usually based on drought
indicators analysis, called also drought indices. These
indicators are used to quantify drought and to identify its
characteristics such as amplitude, duration, severity and

spatial extent. Drought indices are also used to study the
trends and the periodicity of drought from a long time series
of precipitation data [4], and Mishra and Singh (2010)
published an interesting review about the most known
drought indices and their limitations [5].
The main challenge of studying drought is the lack of
precipitation measurements over large geographic areas. The
low spatial density of rain gauges, the accuracy of available
measurements and the lack of rainfall archive at large spatial
scale are the mains limiting problems. Such constraints are
not specific to Morocco but concern almost every country in
the world but in various importance levels. To overcome
these problems, the use of remote sensing data appears to be
the most efficient tool in terms of accuracy, spatial coverage
as well as economical cost. In last twenty years, several
precipitation data sets derived from various remote sensing
products have been released. According to the approaches
and algorithms applied to estimate precipitation amount,
three sources of data can be considered: There are models
that provide rainfall estimates using infrared satellite
imagery, such as PERSIANN (Precipitation Estimation from
Remote Sensing Information using Artificial Neural
Network, [6]) and technics like CMORPH (CPC MORPHing
technique, [7] that estimates rainfall based on passive
microwave and infrared satellite data. There is finally
TRMM (Tropical Rainfall Measurement Mission, a space
mission that provides several products of rain estimates from
a combination of passive microwave, visible/infrared and a
rainfall radar data [8]. Among these sources of precipitation
data at large geographic scale, TRMM, which was primarily
designed to monitor and study tropical rainfall, have proved
to be an important source of information in many application
fields, such as monitoring global hydrological cycle [9-11],
floods [12-14], and drought assessment [15-17] Indeed, the
evaluation of TRMM data against rain gauges has been
conducted in various previous studies around the world.
Some studies have evaluated the rainfall estimates from
TRMM in parallel with other satellite products [18-21].
Almazroui (2011) and Mantas et al. (2015) have focused
their work on the TRMM product by evaluating its accuracy
on different time steps and in different geographical and
topographical contexts [22-23]. In addition to the direct
comparison to rain gauges, Collischonn et al. (2008)
provided an assessment based on hydrological modeling at a
daily time step [24]. Islam and Uyeda (2007) compared daily
rainfall from TRMM 3B42 to rain-gauge measurements over
Bangladesh [25]. Huang et al. (2014) evaluated the TMPA
V7 products with a relatively dense rain gauge network in
Beijing and adjacent regions for an extreme precipitation
event [26].
In Morocco, many research studies have been undertaken
on using the TRMM products. Milewskiet al. (2015) have
evaluated four TMPA 3B42 products (V6, V7 temporary, V7,
reel time V7) against rain gauges data depending on climatic
zones and topography [27]. The study covered a large part of
the Moroccan territory, but the analysis was conceived only
about the average annual precipitation. The study conducted
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by Tramblay et al. (2016) over the Oued El Makhazine basin
in northern Morocco shows the potential usefulness of these
data in hydrological modeling [28]. Ouatiki et al. (2017)
proved the accuracy of the TRMM 3B42 Version 7 product to
estimate monthly and annual precipitation over the Oum Er
Rbia Watershed in Morocco [29]. Recently, Gadouali and
Messoulli (2018) compared four satellite derived rainfall
products over Morocco at different seasons and topographic
elevations and concluded that TRMM3B42V7 outperforms
all the others, especially when using larger time steps [30].
Drought has occurred on average every three years over
the last 30 years In Morocco. In this context and in order to
enhance the national capacity to monitoring drought, with the
aim of reducing the social, economic and environmental
losses caused by drought, this paper analyzes the variability
of this event’s trends in Morocco between 1998 and 2012.
The standardized precipitation index, SPI, has been chosen to
analyze meteorological drought at the scale of the country. In
the literature, this index is widely used to classify drought
sequences [31-33]. This index, based only on precipitation
data, has been recommended as a meteorological drought
index by the World Meteorological Organization [34].
The specific objectives of the study are twofold:
1) Verifying the robustness and the accuracy of TRMM
product to estimate annual rainfall at the scale of
Morocco. To do so, we compared rainfall, derived from
5113 daily TRMM data to the corresponding gauge
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rainfall measurements between 1998 and 2012 from 23
rain gauges.
2) Studying the spatial variability of meteorological
drought trends in Morocco based on SPI derived from
TRMM data.

2. Materials and Methods
2.1. Study Area
The study area covers the whole country of Morocco
(Figure 1) including its main agro-ecological zone. Morocco
is characterized by strong climatological gradients from
south to north and from west to east. Mean annual air
temperatures vary between 12°C and 14°C in winter and
22°C and 24°C in summer, over the period 1950-2000. The
annual rainfalls vary from less than 150 mm in the southern
desert to more than 1000 mm in northern Morocco [35].
According to Knippertz et al. (2003), the center and the north
part of Morocco can be subdivided into three main regions,
which are relatively homogeneous in term of rainfall: (1) the
Atlantic region, including North and West of Morocco; (2)
the Mediterranean region that includes the north-eastern part
of the country and, (3) the Atlas mountains [36]. The climatic
and topographic differences between these three regions
strongly determine the types of agriculture crops and their
yields in each zone.

Figure 1. Delimitation of studied area showing the boundary of administrative regions. The blue disks show the distribution of used rain gauges.
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2.2. Data
Two data types are used in this study:
1. Daily rain data set were collected by 23 rain gauges
distrubuted over the half north part of the study area
(Figure 1) between 1998 and 2012. These data were
acquired from the National Meteorological Office of
Morocco, which is an official national administration.
The rain gauge data used in this study were provided
after undergoing quality control according to the
recommendations of the World Meteorological
Organization (WMO) and with less than 1% of missing
data.
2. A time series of 5113 daily TRMM 3B42 Version 7
product, with a spatial resolution of 0.25o (about 25
km), were used. Tropical Measuring Mission is a joint
mission of US National Aeronautics and Space
Administration (NASA) and the Japan Aerospace
Exploitation Agency (JAXA), designed to study tropical
rainfall for weather and climate research. The main
instruments used in precipitation are the TRMM
Microwave Imager (TMI) and the precipitation Radar
(PR) which contributes to form the TRMM Multisatellite Precipitation Analysis (TMPA) using Infrared
brightness TMPA-derived products combined with
global precipitation climatology center (GPCC), TMI
and PR, produces the post–real-time TRMM3B42V7.
This latter provides 3-hourly estimates with a spatial
resolution of 0.25° and a coverage from 50°N to 50°S
[37]. The three hours estimates were aggregated to
match the daily meteorological station measurement.
These satellite-derived data used in this paper were
acquired from NASA's official website of Tropical
Rainfall Measuring Mission (https://pmm.nasa.gov/) for
the period between 1 January 1998 and 31 August 2012.
The yearly time series of TRMM and ground gauged
precipitation were prepared by summing up the daily values.
In this paper, and due to the origin of each data type, we
considered that rain gauges’ measurements are more reliable
than satellite precipitation estimates. Indeed, the accuracy of
satellite precipitation estimates can be influenced by many
factors related to surface and precipitations characteristics
[38].
2.3. Methods 错误!未找到引用源。Figure 2 illustrates
the methodological approach proposed in this work. Firstly,
annual precipitations were computed from daily rain gauges
data and from daily TRMM data, respectively. Secondly,
annual precipitations derived from TRMM data were
compared to annual precipitations measured by the 23 rain
gauges (Figure 1). The objective of this part was to verify the
general accuracy of TRMM data to estimate annual
precipitation at the scale of rain gauges, using the nearest
point to pixel comparison method before extending the study
to the whole country. We notice that point-to-pixel
comparison approach can rises many methodological
questions, especially in presence of important gradients of

rainfall. However, this method is widely used in the literature
and remains one of the mains methods to evaluate satellitederived rainfall [39-40].
Then, the standardized precipitation index, SPI, had been
calculated from both gauges measurements set and TRMM
data for the 23 rain gauges. The equation used to compute
this drought index is given by the following formula (1).
(1)
where pi is the annual rainfall of the year i; Pm is the average
rainfall during the whole studied period and S is the standard
deviation of rainfall during the whole studied period. SPI
drought index values computed from rain gauges data set
were compared to those computed from TRMM data.
Drougt trends have been looked for and captured at the
scale of the country based on the non-parametric MannKendall trend test [41-42]. Such method have been widelly
used in the litteraure to assess monotonic trend in
environmental time series data [43-44]. It is a particular case
of the Kendall Tau coefficient, that quantifies the dependency
between two variables, where the serie is the dependent
variable and time is the independenet one. The main
objective of the Mann-Kendall test is to evaluate the
existence of trend and state whether the data increases or
decreases over time.
At different stages of this work, two statistical indices
were calculated to analyze the relationships between
indicators computed from gauges data set and those derived
from TRMM data. These indices were the Pearson
correlation coefficient (R²) and the root mean square error
(RMSE).

Figure 2. Flowchart of proposed methodology and a synthesis of used data.
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3. Results and Discussions
3.1. Overall Assessment of TRMM Product at Annual Time
Step
The scatterplot presented in Figure 3 compares annual
precipitations measured by the 23 rain gauges and those
derived from TRMM between 1998 and 2012. Presented data
gives a first general idea about the variability of annual
rainfall in Morocco. Annual rainfall varies generally between
less than 100 mm and 1000 mm with some extremes values
that can reach 1600 mm. The comparison shows also a
general good linear relationship between the TRMM and rain
gauges data. When considering all rain gauges together, the
Pearson correlation coefficient, R², is equal to 0.73 and the
root mean square error, RMSE, is equal to 159.8mm. When
analyzing the rain gauges separately, the R² varies between
0.43 and 0.92 with nearly 74% of the rain gauges having R²
higher than 0.60, and the RMSE varies between 38 mm and
318 mm with more than 82% of the rain gauges having
RMSE lower than 200 mm. These results are consistent with
the previous studies and confirm the good performance of
TRMM data at the annual time scale [27, 29].
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in Saudi Arabia [22]. Regarding seasonality and temporal
impact on satellite products accuracy, TRMM product
produces the observed annual cycle with an overestimation or
underestimation of rainfall amount during rainy seasons and
dry seasons, respectively [45]. In the Moroccan context of
hydro-climatic heterogeneities, the agreement between
TRMM and ground data is more significant in the plain area
(arid/semi-arid) than the mountainous zones with an overall
acceptable accuracy [27, 29].
The comparison presented in this section showed that the
correlation between gauge precipitations and TRMM rainfall
had been clearly improved when working with long-term
annual average precipitation. Indeed, the coefficient of
correlation R² increased from 0.73 to 0.79 and the RMSE
decreased from 159,8mm to 115,2mm. Such result is very
important in the context of this study since we are interested
to analyzing to drought trends at the scale of Morocco using
TRMM data. Despite the lack of rain gauges in the south part
of studied area, the existing gauge network used in this study
cover the main climate classes of Morocco (arid, semi-arid,
sub-humid and humid). Indeed, figure 3 showed that the
minimum measured annual rainfall was 49 mm/year. In
addition, agricultural areas are concentrated in the center and
in the north parts of the country. For these reasons, we
choose to monitor drought based on TRMM datasets over the
whole Moroccan territory despite the absence of gauges in
the south.

Figure 3. Comparison between annual precipitations derived from TRMM
data and rain gauges measurements in Morocco between 1998 and 2012.

Figure 4 illustrates the relationship between annual
average precipitations measured by the 23 rain gauges and
those retrieved from TRMM data between 1998 and 2012.
The overall distribution of the annual averages of
precipitation derived from TRMM is in a good agreement
with the normal annual measured by the majority of rain
gauges. This figure also shows a high correlation between insitu measurements and TRMM average annual precipitations
with R² equal to 0.79 and RMSE equal to 115.2 mm. Both
Figure 3 and Figure 4 showed that in-situ gauges
precipitation is generally superior to TRMM precipitation.
Such remark has been already observed in previous studies in
the literature in Morocco [28-29, 33], in Bangladesh [25] and

Figure 4. Comparison between annual average precipitations measured by
the 23 rain gauges and those retrieved from TRMM data between 1998 and
2012.

3.2. Comparison Between Drought Indices from Rain
Gauges Data and TRMM Precipitations at Rain
Gauges Scale
Figure 5 compares the values of the SPI drought indices
derived from TRMM data and those calculated from the 23
rain gauges measurements between 1998 and 2012. The
scatterplot shows a good relationship between the values of
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SPI computed from the two different sources of precipitation
data, with R² and RMSE equal to 0.64 and 0.66, respectively.

Figure 5. Comparison between SPI drought indices derived from TRMM
data and those calculated from the 23 rain gauges measurements between
1998 and 2012.

The analysis of rain gauges separately shows that the R²
varies between 0.43 and 0.93 with nearly 70% of the 23
considered rain gauges have R² higher than 0.60. These
results prove the good correlation between the SPI drought
index computed from in-situ measurements and that retrieved
from TRMM precipitation in different locations of Morocco.
It is thus justified to use SPI drought index retrieved from
TRMM data to analyze drought and precipitation anomalies

at the scale of the country. Figure 5 shows also that the
values of SPI index cover many drought categories as
classified by McKee et al. (1993) and by Hayes et al., (1999)
starting from severe drought (−1.99<SPI<−1.5) to very wet
(0.5<SPI<2) [31, 46]. This classification is in good
concordance with those observed in Morocco by Ezzine et al.
(2014) [33].
Figure 6 presents the variation of SPI drought indices from
rain gauges data and TRMM precipitations at rain gauges
points between 1998/1999 and 2011/2012. The inter-annual
variation of cumulated rainfall between September and May
at the country level, extracted from [35], are also presented to
help interpreting the inter-annual variation of SPI values.
Firstly, these results showed that both in-situ measurements
and TRMM precipitations present an alternation between
positive and negative values of SPI drought index from one
year to another. This alternation reproduces in reality the
succession of dry and humid years in Morocco. For example,
the years 1998/1999, 1999/2000, 2000/2001, 2004/2005,
2006/2007, 2007/2008 and 20011/2012 are considered as dry
years while the years 2002/2003, 2003/2004, 2005/2006,
2008/2009, 2009/2010 and 2010/2011 are classified as
normal to wet. Indeed, the annual cumulated rainfalls of the
first group of dry years are under the average value of
precipitation presented by the dotted line in the subplot three
of Figure 6, while the annual cumulated rainfalls of the
second group of wet years are over the average value of
precipitation. This phenomenon is a very known
characteristic of Moroccan climate and that affects directly
the final agricultural production since Moroccan agriculture
is directly dependent on annual precipitation in terms of both
temporal distribution and annual cumulus [33, 35].

Figure 6. Variation of SPI drought indices from rain gauges and TRMM precipitations at rain gauges location scale between 1998 and 2012 and the interannual variation of cumulated rainfall between September and May, at the country level, for 1998 to2012. Dotted line in the last subplot shows the average
value of annual precipitation.
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3.3. Spatial Analysis of Drought Trends over Morocco
In this section, the spatial trends of drought over Morocco
will be performed through analyzing the trends’ variably of
the SPI drought index. To do that, three estimators were
chosen: the monotonic trend (Mann-Kendall), the Kendall
Slope (Theil-Sen) and the Mann-Kendall significance.
The monotonic trend analysis of the SPI drought index
was performed to measure the degree to which drought
occurrence is consistently increasing or decreasing during the
studied period. The spatial variability of this estimator is
displayed in Figure 7 where positive values of Mann-Kendall
tau indicate an increasing trend and negative values indicate
a decreasing trend in the time series. Globally, this test
showed a mixture of positive and negative trends over
different regions of Morocco. The south territory part of the
country, located in the Eddakhla-Oued Eddahab and
Layoune-Sakia El Hamra regions, exhibited downward
trends of the SPI index (red pixels in Figure 7). However, the
rest of the country, especially the center and the eastern
regions (Drâa-Tafilalet and Oriental region), the MannKendall tau is marked by an upward trends.
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SPI. Figure 8 shows that positive values of Theil Sen slope
are observed mainly in the regions of Guelmim-Oued Noun,
Souss-Massa, Drâa-Tafilalet, Fes-Meknès, Tanger-TetouanAl Houceima and Oriental. The highest positive slope values
were observed in the extreme eastern boundary of Morocco
(south of Drâa-Tafilalet and Oriental regions). These regions,
largely dominated by rangeland area (about four million
hectares), receive less than 100 mm of precipitation per year
and are subject to strong desertification phenomena.
Observed positive trend of SPI may be explained by an
increase in rainfall amounts due to the extreme rainfall events
that causes damages affecting the vegetation cover and
accelerates soil degradation. To verify this hypothesis, we
examine the evolution of daily extreme rainfall over these
regions from 1998 to 2012 by calculating the number of
occurrences of days with total rainfall (estimated by TRMM)
above the 0.99 quantile (Q99). To do this, pixels belonging to
the aforementioned regions were randomly selected. Figure 9
shows an evident increase of the number of days with
extreme rainfall which supports the hypothesis of that the
observed positive trend is mainly related to the increase of
daily extreme rainfall events.
Negative values of the Theil-Sen slope are mainly
observed in the extreme south of Morocco (South of DakhlaOued Eddahab and Laayoune-Sakia El Hamra regions). This
desert region is characterized by arid climate and very low
annual precipitation (less than 50mm/year). The negative
trend of SPI could be explained by a decrease in rainfall
amounts due to global climate change in the south of
Morocco.

Figure 7. Spatial variability of the monotonic trend of the SPI drought index
over Morocco. The solid line shows the official borders of the 12
administrative regions of the country.

In order to highlight the magnitude of observed trends
illustrated by Figure 7, the Theil-Sen slope has been
computed according to Sen’s method. The spatial variability
of Sen’s slope is presented in Figure 8. Positive slope means
an increase of SPI while negative slope means a decrease of

Figure 8. Spatial variability of the Theil Sen slope trends over Morocco
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Figure 9. Evolution of daily rainfall above the 0.99 quantile for pixels from Daraa Tafilalet and Oriental regions.

Finally, to quantify the significance of observed trends of
SPI drought index, Figure 10 shows the spatial variability of
the contextual Mann-Kendall significance (the p-value) of
SPI trends over Morocco. This result confirmed the previous
ones and showed that aforementioned trends of SPI drought
index are statistically significant mainly in the western part
of the Eddakhla-Oued Eddahab and Laayoune-Sakia El
Hamra regions (south) and in the south of Drâa-Tafilatet and
Oriental regions (east). For the southern (desert) part of the
country, obtained results indicate a significant increase of
drought events using SPI index from TRMM data. Similar
finding was found by Filahi et al. (2016) using precipitations
records at local stations and showed a tendency towards drier
conditions in the south of morocco [47]. Contrariwise, a
decrease of drought phenomena was observed in eastern
regions. As it was aforementioned, this last part of the
country is subject of local extreme rainfall events
contributing to significant increase in total annual
precipitations.

Figure 10. Spatial variability of the contextual Mann-Kendall significance
over Morocco.

4. Conclusions, Recommendations and
Perspectives
Morocco’s economy is vulnerable to drought, which is the
main obstacle to the expansion of the agricultural sector.
Thereby, this paper focused on the evaluation of the potential
of TRMM derived rainfall to monitor meteorological drought
trends over agricultural areas of Morocco during a short
period between 1998 and 2012. To do that, the standardized
precipitation index was used to analyze meteorological
droughts and to study the variability of drought trends in
Morocco during the studied period.
Firstly, the robustness and the accuracy of TRMM product
to estimate annual rainfall in Morocco were evaluated.
Annual precipitations derived from 5113 daily TRMM data
were compared with the corresponding gauge rainfall
measurements, between 1998 and 2012, from 23 rain gauges.
The results showed a good relationship between the values
computed from the two different sources of precipitation
data. When considering annual data, the Pearson correlation
coefficient, R², was equal to 0.73 and the root mean square
error, RMSE, was equal to 159.8mm/year. The correlation
between gauge measurements and TRMM rainfall had been
clearly improved when working with long term annual
average precipitation. Indeed, the R² increased from 0.73 to
0.79 and the RMSE decreased from 159,8mm to 115,2mm.
Secondly, Mann-Kendall tests were used to study the
trends of drought variability over Morocco between 1998 and
2012. The Mann-Kendall tau coefficient, the Theil Sen slope
and the contextual Mann-Kendall significance were used to
analyze SPI trends over Morocco. This analysis showed that
mainly two regions appeared to be subject of significant
trends during the period between 1998 and 2012: The
extreme north eastern of Morocco exhibited an increase in
annual precipitations accompanied with the increase of daily
extreme rainfalls, while a decrease trend is observed over the
extreme south of the country. Indeed, positive values of Theil
Sen slope were observed mainly in the regions of GuelmimOued Noun, Souss-Massa, Drâa-Tafilalet, Fes-Meknès,
Tanger-Tetouan-Al Houceima and Oriental. The highest
positive slope values were observed in the extreme eastern
boundary of Morocco (south of Drâa-Tafilalet and Oriental
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regions). These regions, largely dominated by rangeland area
(about four million hectares), receive less than 100 mm of
precipitation per year and are subject to strong desertification
phenomena. Observed positive trend of SPI may be
explained by an increase in rainfall amounts due to the
extreme rainfall events, mainly in summer, that causes
damages affecting the vegetation cover and accelerates soil
degradation. Further analysis based on longer precipitation
time series is needed to confirm or infirm such finding.
Despite of the short period covered by this work, the
results obtained showed the ability of remote sensing data
(TRMM data in this case study) to monitor drought over
large spatial scale trough the simple standardized
precipitation index, SPI. Such data could be a good tool to
study drought especially in zones where metrological stations
are not available. However, these findings need to be
improved by testing new data and working on longer periods.
Also, the extreme phenomena are difficult to avoid, but their
effects could be mitigated if we have knowledge on the
history of meteorological events tendency of each area.
Finally, it could be more interesting to extend this study to
the whole part including North of Africa and south of Europe
to better understand the drought trend in these regions.
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